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Beyer (Dr. H. G.), Structure of Lingula pyramidata, 17 
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Bichat and Blondlot (MM.), an Absolute Electrometer, 436 
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Bilobites, Jurassic, M. S. Meunier, 140 
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the Atlantic, 188 
Botany : Plants and their Defences, 5 ; E. Huth, 122; Origin of 

our Potato, 7; Botanic Gardenat Montreal, 38 ; the Poison of the 
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Value of the ‘‘Type-System” in Teaching, Prof. 
Balfour, 536; Flora of Ceylon, H. Trimen, 537; Flora of 
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BriTIsH ASSOCIATION :—Meeting at Birmingham, 409 ; 
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President, Sir J. William Dawson, C.M.G., M.A., LL.D., 
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441 ; 
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Best Methods of Recording the Direct Intensity of Solar 
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perimental Knowledge of Certain Properties of Matter, P. 
T. Main, 479; Report of the Committee on Standards of 
Light, 479 ; Report of the Committee on Electrolysis, 479 ; 
Report of the Committee on English Channel Tides, 479 ; 
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System of Tidal Observations in that Country, 479 ; Report 
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tee on the Circulation of Underground Waters, 482 ; 
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the Migration of Birds at Lighthouses and Light- Vessels, 
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Fishes and Invertebrates at St. Andrews Marine Laboratory, 
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Tables of the Spectra of the Elements, 506; Report of a 
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F.R.S.,F.R.A.S., 420; Dr. Macalister, the Grenada lclipse 
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Form of Current Weigher for the Absolute Determination 
of the Strength of ai Electric Current, 508 ; Hon. Ralph 
Abercromby on the Peculiar Sunrise Shadow of Adam's 
Peak, Ceylon, 509; T. J. Baker, Description of a New 
Calorimeter for Lecture Purposes, 599; J. T. Morrison, 
M.A., on the Distribution of Temperature in Loch Lomond 
and Loch Katrine during the past Winter and Spring, 509 ; 
J. T. Morrison, M.A., on Distribution of Temperature in the 
Firth of Clyde in April and June 1886, 509 ; A. W. Riicker, 
M.A., F.R.S., on the Critical Curvature of Liquid Surfaces 
of Revolution, 510 

Section B (Chemical Science)—O pening Address by the Presi- 
dent, W. Crookes, F.R.S., 423; Dr. W. J. Russell and 
W. J. Lapraik on Absorption-Spectra of Uranium Salts, 
510; Prof. Carnelly, on the Air of Dwellings and Schools 
and its Relation to Health, 510; H. B. Dixon, F.R.S., on 
Observation of Gases over Mercury, 511; R. Warington, 
F.R.S., on the Distribution of the Nitrifying Organism in 
the Soil, 511; Prof. W. N. Hartley, F.R.S., on the 
Fading of Water-Colours, 511; H. Robinson, M.A., on 
the Colour of the Oxides of Cerium and its Atomic Weight, 
511; E. F. Ehrhardt, on the Relative Stability of the 
Hydrochloride C,)H,,Cl, prepared from Turpentine and 
Camphene respectively, 511; R. F. Ruttan, B.A., M.D., 
on Derivatives of Tolidine and Azotolidine Dyes, 511; H. 
R. Mill, D.Sc., on the Chemistry of Estuary Water, 511 ; 
Dr. Gladstone, F.R.S., the Essential Oils, 511; G. H. 
Bailey, D.Sc., Ph.D., on an Apparatus for maintaining 
Constant Temperatures up to 100° C., 512; J. W. Wailes, 
on the Treatment of Phosphoric Crude Iron in Open- 
Hearth Furnaces, 512; W. Hutchinson, Notes on the 
Basic Bessemer Process in South Lancashire, 512; G. 
Hatton, Production of Soft Steel ina New Type of Fixed 
Converter, 512; T. Turner, Assoc.R.S.M., on the Influ- 
ence of Re-melting on the Properties of Cast Iron, on Sili- 
con in Cast Iron, and on Silicon in Iron and Steel, 512; 
W. Thomson, F.R.S.E., on a New Apparatus for readily 
Determining the Calorimetric Value of Fuel and Organic 
Compounds, 512; Prof. Odling, F.R.S., on some Decom- 
positions of Benzoic Acid, 512; W. Crookes, F.R.S., on 
the Methods of Chemical Fractionation, and the Fractiona- 
tion of Yttria, 512 

Section C (Geology)—Opening Address by the President, T. G. 
Bonney, D.Sc., LL.D., 442 ; E. W. Bucke on the Geysers 
of the Rotorua District, North Island of New Zealand, 
512; Rev. W. Tuckwell on the Glacial Erratics of Leices- 
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McKenny Hughes, M.A., F.G.S., on the Silurian 
Rocks of North Wales, 512; Prof. J. W. Judd, F.R.S., 
Note to accompany Photographs by Mr. Josiah Martin to 
Illustrate the Scene of the Recent Eruption in New Zea- 
land, 512; W. A. EK. Ussher, F.G.S., on the Relations of 
the Middle and Lower Devonian in West Somerset, 513 ; 
W. Pengelly, F.R.S., on a Scrobicularia Bed containing 
Human Bones at Newton-Abbot, Devonshire, 513; W. 
J. Harrison, on a Deep Boring for Water in the New Red 
Marls (Keuper Marls) near Birmingham, 513; J. H. Player, 
on an Accurate and Rapid Method of Estimating the Silica 
in an Igneous Rock, 513 ; Prof. T. McKenny Hughes, M.A., 
Notes on some Sections of the Arenig Series of North 
Wales and the Lake District, 513 ; G. M. Dawson, on the 
Rocky Mountains, with Special Reference to that part of 
the Range between the Forty-ninth Parallel and Head 
Waters of the Red Deer River, 513; W. Benton, on Sur- 
face Subsidence causel by Lateral Coal-Mining, 514; J. 
Hopkinson, ona New Form of Clinometer, 514 ; R. Meade, 
Statistics of the Production and Value of Coal raised within 
the British Empire, 514 ; W. Dawson, LL.D., F.R.S., on 
Canadian Examples of supposed Fossil Algae, 514; Prof. 
E. Hull, LL.D., Notes on some of the Problems now being 
Investigated by the Officers of the Geological Survey in the 
North of Ireland, chiefly in Co. Donegal, 514; Hugh 
Miller, on the Classification of the Carboniferous Lime- 
stone Series, Northumbrian Type, 515; Chas. Callaway, 
D.Sc., M.A., Notes on the Crystalline Schists of Ireland, 

515 
Section D (Biology)—Opening Address by the President, 

William Carruthers, F.R.S., 451; Initiation of Discussion 
on the Value of the ‘‘ Type-System” in the Teaching of 
Botany, by Prof. B. Balfour, 536; Henry Seebohm, Re- 
marks on Physiological Selection, an Additional Sugges- 
tion on the Origin of Species, by G. J. Romanes, F.R.S., 
537; Prof. G. B. Howes, on the Morphology of the Mam- 
malian Coracoid, 537 ; E. B. Poulton, on some Experiments 
upon the Acquisition of an Unpleasant Taste as a means of 
Protecting Insects from their Enemies, 537 ; Prof. Marshall 
Ward, on the Germination of the Spores of Pylophthora 
infestans, 537; Henry Trimen, M.B., F.L.S., on the 
Flora of Ceylon, especially as affected by Climate, 537 ; 
Prof. Bower on Humboldiia laurifolia as a Myrmecophilous 
Plant, 538; E. B. Poulton, on the Artificial Production of 
a Gilded Appearance in Chrysalises, 538; Dr. R. von 
Lendenfeld, on the Nervous System of Sponges, 538; Dr. 
R. von Lendenfeld, on the Functions of Nettle-Cells, 538 ; 
Dr. Maxwell T. Masters, F.R.S., Note on the Floral 
Symmetry of the Genus Cypripedium, 538; Dr. von 
Lendenfeld, Notes on Australian Coelenterates, 538; M. 
C. Grabham, M.D., Bugio, the Biological Relations of an 
Atlantic Rock, 538; Percy F. Frankland, on the Multi- 
plication and Vitality of Certain Micro-organisms, Patho- 
genic and otherwise, 539 

Section E (Geography)—Opening Address by the President, 
Major-General Sir F, J. Goldsmid, K.C.S.1., 474 

Section G (Mechanical Science—Opening Address by the 
President, Sir Jas. N. Douglass, M.Inst.C.E., 502 

Section H ( Anthropology)—O pening Address by the President, 
Sir George Campbell, K.C.S.1., 454; Sir Charles Wilson, 
K.C.B., on Native Tribes of the Egyptian Sudan, 608 ; Prof. 
W. B. Dawkins on Celtic and Germanic Designs on Runic 
Crosses, 608 ; G. W. Hambleton on the Scientific Preven- 
‘tion of Consumption, 608; G. St, Clair, Dragon Sacrifices 
at the Vernal Equinox, 608 ; Dr. H. Hicks, F.R.S., Evi- 
dence of Pre-Glacial Man in North Wales, 608; Prof. B. 
Dawkins on Recent Exploration of Gop Cairn and Cave, 
608 ; W. Cunnington on Bowls’ Barrow, near Heytesbury, 
in North Wilts, 609; Dr. J. G. Garson, the Crania and 
other Bones found in Bowls’ Barrow, 609 ; Rev. G. Brown, 
Papuans and Polynesians, 609 ; Sir G. Campbell, What is 
an Aryan ?, 609; Prof. W. H. Hingston, M.D., Influence 
of the Canadian Climate on Europeans, 609; Rev. G. 
Brown on Life-History of a Savage, 609 ; Sir W. Dawson, 
F.R.S., on Photography of Mummies of Ancient Egyptian 
Kings Recently Unrolled, 610; C. N. Bell, Prehistoric 
Man in Manitoba, 610; R. G. Haliburton on the Tau 
Cross on the Badge of a Medicine-Man of the Queen Char- 
lotte Isles, 610 

British Birds’ Eggs, A. G. Butler, 619 
British Coasts: Actinotrocha of the, W. H. Shrubsole, 439; 
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Magnetic Observations, Best Means of Comparing and Re 

ducing, 477 
Magnetic Principle, M. Mascart on the, 47 
Magnetisation, Effect of, on the Elasticity and the Internal 

Friction of Metals, H. Tomlinson, B.A., 115 
Magnetisation of Iron, S. Bidwell, M.A., 159 
Magnetisation, Prof. Mascart on, 435 
Magnetism in Iron Well-Tubes, Herr Franz, 563 
Magnetism, Permanent, of Steel at Various Temperatures, Dr. 

G. Poloni, 159 
Magnetism, Terrestrial, Prof. B. Stewart, F. S. Trouton, 53 
Magnus (Philip), Honour of Knighthood conferred on, 322 
Main (P. T.), Experimental Knowiedge of Certain Properties 

of Matter, 479 
Maitland (Colonel) and Sir F. Abel, F.R.S., Erosion of Gun- 

Barrels, 575 
Malaga, Earthquakes at, 460 
Malay Mines and Miners, A. Hale, 626 
Malay Peninsula, Stone Age in the, A. Hale, 53; Map and 

Gazetteer of, 628 
Malaysia in April and May, Upper Wind-Currents over the Bay 

of Bengal in March and, Hon. Ralph Abercromby, 288 
Maldive Islands, C. W. Rosset, 187 
Male Animals and their Progeny, 76 
Malpighia, 626 
Malta, Earthquake-Shocks at, 370, 397 
Malvern Field Hand-book and Naturalist’s Calendar, G. E. 

Mackie, 14 ; 
Mammals of Central America, E. R. Alston, P. L. Sclater, 615 
Mammoth Period, Grave of, in Belgium, M. Nadaillac, 492 

Man and Pleistocene Animals in North Wales prior to Glacial 
Deposits, Evidence of, Henry Hicks, F.R.S., 216 

Manatees, Dr. Clemens Hartlaub, on the, 214; W. H. Tooke, 
468 

Manatherium delheidi, Dr. C. Hartlaub, 594 
Manganese, Fluorescence of Compounds of, M. Lecoq de 

Boisbaudran, 491 
Manganese-Mining in Merionethshire, C. Le Neve Foster, 512 
Manguians of Mindoro, Prof. Blumentritt, 557 
Manitoba, Prehistoric Man in, C. N. Bell, 610 
Mann (Dr. R. J.), Death of, 346 
Mano (Charles), Death of, 274 
Manometric Flames, Measurement of the Intensity of Sound by 

means of the, M. E. Doumer, 356 
Manuring, Deportment of Urea in, 175 
Maori, the Aryan, Edward Tregear, 286 
Maps, International Orthography for, M. de la Grye, 61 
Maquenne, Dehérain and, on the Absorption of Carbonic Acid 

by Leaves, 284 
Marey (M.), Kinematic Analysis of Human Motion, 540 ; Loco- 

motion of the Horse, 563 
Marey and Desmeny (MM.), Walking and Running, 588 
Marie (Maximilien), Histoire des Sciences Mathematiques ct 

Physiques, 518 
Marine Biological Association, Report of, 177 
Marine Biological Station at Banyuls-sur-Mer, P. L. Sclater, 596 
Marine Biological Station at Granton, Scotland, 484 
Marine Laboratory at St. Andrews, Researches at, 483 
Marine Observations, the Prince of Monaco’s, 277 
Marksmanship, Applications of Electricity to Development of, 

Capt. O. E. Michaelis, 462 
Marriott (W., F-R.Met.Soc.), and F, Gaster, F.R.Met.Soc., 

Floods of May 1886, 187 
Mars, “ Canals ” of, M. Terby, 110 
Mars, Changes on Surface of, 459 
Mars in 1886, Physical Appearance of, W. F. Denning, 104 
Martel (M.), on Pottery in the Stone Age, 38 
Martin (Dr.): on Chinese Northern Barbarians, 154; on Geo- 

metry in China, 577 
Martin (J.), Photographs of Scene of New Zealand Eruption, 

512 
Martineau (Dr. G. F.), on the Origin of our Potato, 202 
Martyr (T.), Enemies of the Frog, 217 
Masai, Sign-Numbers in Use among, J. Thomson, 522 
Mascart (Prof.) : on the Magnetic Principle, 47 ; on Magnetisa- 

tion, 435 
Mason (Otis T.) : on Carib Antiquities, 39 ; Anthropology, 300 
Maspero (M.), Lists of Thothmes III., 70 
Massee (G.), Lathrea sguamaria, 610 
Masters (Dr. M. T., F.R.S.), Note on the Floral Symmetry of 

the Genus Cypripedium, 538 
Mateer (Dr.), Chinese Geometry, 577 
Mathematics: Euclid Revised, R. J. C. Nixon, 50; Common- 

Sense Euclid, Rev. A. D. Capel, M.A., 51; T. H. Eagles, 
M.A., on Constructive Geometry of Plane Curves, 74; Ma- 
thematical Society, 94, 186; Arithmetical Events, M. F. 
Cesaro, 158; Minchin’s Statics with Relation to Physics, 
Major A. Cunningham, 165; American Journal of, 521; 
Differential Equations, R. Liouville, 491 ; Mathematical and 
Physical Sciences, Maximilien Marie, 518; Non-Euclidian 
Geometry Vindicated, F. W. Frankland, 521 ; Binomial Equa- 
tion a? — 1 =o, Miss Scott, 521; Theory of Reciprocants, 
Prof. Sylvester, F.R.S., 521; Syllabus of Elementary Geo- 
metrical Conics, 529. ce a/so British Association, Section A, 
Mathematical and Physical Science 

Matter, Influence of Stress and Strain on the Physical Properties 
of, H. Tomlinson, B.A., 69, 115 

Matter, Experimental Knowledge of Certain Properties of, P. T. 

Main, 479 
Mathias (M.) and M. L. Cailletet, Densities of Liquefied Gases, 

139 
Mattirolo (Dr. O.), the *f Mycorhiza” of the Roots of the Sweet 

Chestnut, 403 
Mauna Loa, the Craters of Mokuaweoweo on, J. M. Alexander, 

232 
Maupas (E.), Conjugation of the Parameciz, 492 
Maw (M. H.), Pendulum Oscillation, 76 
Maximum Economy of Action, the Doctrine of the, Prof. von 

Helmholtz, 308 
May-bugs, Devastation of Seeland by, 277 
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Meade (R.), Statistics and Value of Coal raised in British 
Empire, 514 

Meadow, Upland and, a Poaetquissings Chronicle, Chas. C. 
Abbott, 190 

Measures, Weights and, International Committee of, 79 
Mechanical Engineers, Institution of, 45, 399, 576, 625 
Mechanics : Practical Mechanic’s Companion, W. Templeton, 

W. S. Hutton, C.E., 28 ; Dr. Konig on the Modern Attempts 
towards laying down an Unexceptionable Basis of, 212; a 
Manual of Mechanics, T. M. Goodeve, Prof. Geo. M. Minchin, 
358. See also British Association, Section G, Mechanical 

= Science 
Medical Index Catalogue, A. T. Myers, 98 
Mediterranean, Eastern, Earthquakes in, 460 
Meehan (Thos. ), Superimposed Stamens, 17 
Melbourne Observatory, 155 
Meldola (Prof. R., F.R.S.): Oils, Resins, and Varnishes, 213 ; 

Scientific Development of the Coal-Tar Colour Industry, 324 ; 
Physiological Selection and Origin of Species, 384 

Meloe, Larve of, Dr. Sharp, Mr. Billups, Mr. Saunders, Prof. 
Riley, 306 

Melting-Points of Minerals, H. L. Crosthwait, 22 
Mémoires de la Société des Sciences Physiques et Naturelles de 

Bordeaux, 99 
Memoirs of the Kazan Society of Naturalists, 277 
Men of Science in the House of Commons, 299 
Mendelssohn (Maurice), Researches on the Axial Nervous 

Current, 380 
Mendenhall (T. C.), Characteristic Curves of Composition, 559 
Mensuration, Exercises on, T. W. K. Start, 494 
Menthol, Effect of, on Nerves of Temperature, Dr. Gold- 

scheider, 71 
Mercury, Preservation of Gases over, H. B. Dixon, F.R.S., 511 
Mercury Vapour, Absorption of, by Spongy Platinum, T. 

Thmori, 354 
Meridian Instruments, Flexure of, Prof. Harkness on, 40 
Meridian of Paris, 61 
Merionethshire, Manganese-Mining in, C. Le Neve Foster, 

512 
Merrifield (John, LL.D.), a Treatise on Nautical Astronomy for 

the Use of Students, 262 
Merrill (G. P.), Pliocene Sandstones from Montana and Idaho, 

539 
Merritt (W. Hamilton), the Cascade Anthracite Coal-Field of 

the Rocky Mountains, Canada, 259 
Metallurgy: Neutral, Lining for Metallurgical Purposes, 62; 

M. Cornu on the Hydrogen Function of certain Metals, 104 ; 
Effect of Magnetisation on the EJasticity and Internal Fric- 
tion of Metals, H. Tomlinson, B.A., 115 

Metamorphic Rocks, Cretaceous, G. F. Becker, So 
Meteoric Stones, E. S. Dana and A. L. Penfield, 540 
Meteorites, Meteors, and Shooting-Stars, Prof. H. A. Newton, 

532 
Meteorology: J. G. Grenfell on Iridescent Clouds, 3 ; Climate 

_ of Killarney, Ven. Archdeacon Wynne, M.A., 21; Meteoro- 
logical Society, 23; Berlin Meteorological Society, 23; Dr. 
Woeikof on Croll’s Hypothesis of Geological Climates, 46 ; 
Influence of Forests on the Climate of Sweden, 53; Earth 
Temperatures, W. Marriott, F.R.Met.Soc., 95 ; After-Glows 
of 1883-84, A. W. Clayden, M.A., 95 ; a Remarkable Hail- 
storm, A. Ernst, 122; on the Working of the Harmonic 
Analyser at the Meteorological Office, R. H. Scott, F.R.S., 
and R. H. Curtis, 135 ; Solar Halo of May 30, 1886, M. A. 
Cornu, 139; Solar Halo, Commander T. H. Tizard, 168 ; 
Dr. W. Doberck’s Observations at Hong Kong, 148 ; Hong 
Kong Observatory, Dr. Doberck, 175 ; Meteorological Results 
at Levuka and Suva, 1875-1885, J. D. W. Vaughan, F.R. 
Met.Soc., 187; Squall of January 13, 1886, R. H. Scott, 
F.R.S., 187; Floods of May 1886, F. Gaster, F.R.Met. 
Soc., and W. Marriott, F.R.Met.Soc., 187; Summer 
Isobars, Winds and Cloudiness on the Atlantic, L. T. de 
Bort, 188 ; Solar Meteorology, Signor Tacchini, 194 ; Blan- 
ford’s Memorandum on the Himalayan Snowfall, 201 ; an 
Australasian Meteorological Society, 201; Meteorology of 
Ben Nevis, A. Buchan, 211; Mirage at Algiers preceding 
Thunderstorm, 277; the Weather at Caracas, Dr. A. Ernst, 
313 ; Meteorological Station of ]’Aigoual, M. F. Perrier, 331 ; 
the Persistent Low Temperature, Chas. Harding, 340; Nor- 
wegian Meteorological Institute of Christiania, Ingenious 
Plan for disseminating its Weather Reports, 347; Meteor- 
ology and Colliery Explosions, Hy. Harries, 361 ; the August 

Perseids, W. F. Denning, 372; Report of Scottish Meteoro- 
logical Society, 460; Aurora, M. A. Veeder, 469; Lunar 
Rainbow, D. Pidgeon, 469; Proposed Observatory near 
Chepstow, 506; Annual Movement of the Barometer in 
Central Russia, General A. de Tillo, 516 ; Rainfall of the Cape 
Colony, T. Stewart, 573; Law of Storms, W. H. Rosser, 
594 ; Meteorologische Zeitschrift, 603 ; Observations at Polar 
Meteorological Station, Mouth -of Lena, M. Eigner, Dr. Rk. 
Lenz, 604; Meteorological Observations near the Upper 
Rhine, M. Hirn, 612 

Meteors, 580; Meteor-Showers, 85, I11, 177, 435, 496, 502, 
532, 604, 628; Baron Schwerin on the November Stream, 
60; Bolide in Russia, 60; Meteor of June 13, Kk. Strachan, 
143 ; the Biela, of November 27, 1885, H. A. Newton, 297 ; 
W. F. Denning on Meteors, 336; New Aérolite, 439 ; the 
September Taurids, W. F. Denning, 546; Fine Meteor, 
Rey. J. H. Abrahall, 602 

Methylic Compounds, Comparative Volatility: of, L. Henry, 
588 

Meunier (M. S.), Jurassic Bilobites, 140 
Meusnier’s (General) Projected Aérostatic Machine, 331 
Meyer (Dr. A. B.), Hybrids between the Black Grouse and 

the Pheasant, 218; Mimicry in Snakes, 596 
Mexican Cemeteries, Discovery of Two Ancient, 379 
Mexico, New, Turquoise from, F. W. Clarke and J. S. Diller, 

539 
Mice and Frogs, W. A. Carter, 109 
Michaelis (Capt. O. E.), Application of Electricity to the De- 

velopment of Marksmanship, 462 
Michelson (A. A.) and E. W. Morley, Experiments on Velocity 

of Light, A. Cornu, 139; Influence of Motion of the Medium 
on the Velocity of Light, 158 

Michigan Sanitary Convention, 554 
Microbes, Ferments, and Moulds, E. L. Trouessart, 239 
Micrococcus pasteuri, Dr. Sternberg, 162 
Micro-Organisms, Multiplication and Vitality of Certain, Percy 

F, Frankland, 539 
Microscopy: Determination of the Index of Refraction of a 

Fluid by, G. Thompson, 157; as a Refractometer, Rev. 
Gordon Thompson, 217 ; as a Refractor, L. Bleekrode, 290 ; 
Microscopic Flora of Sulphurous Waters, L. Olivier, 563 ; 
Microscopic Organisms in Air and Water, M. le Dr. Miquel, 318; 
Microscopical Society of Glasgow, 14 ; Cheshire, on a Device 
for the Better Examination of Bacteria in Culture-Tubes, 235 ; 
Phylloxera vastatrix, Dr. Morris, 355 ; Chlamydomyxa in the 
Engadine, Prof. E. Ray Lankester, JF.R.S., 408 ; Prof. T. 
G. Bonney, F.R.S., on the Microscopic Analysis of Rocks, 

443 
Middlesex, Scientific Society for, 83 
Middlesex Natural History and Science Society, Field Meeting, 

oI 
Mistation, Lepidoptera and, W. H. Bath, 618 
Migration of Birds, Observations on, at Lighthouses, 481 
Migratory Instincts of Trout, 246 
Mikluho-Maclay (Baron), in New Guinea, 4! 
Milk Scarlatina, Dr. Klein, 471 
Mill (Dr. H. R.); and J. T. Morison, Tidal Variations of Tem- 

perature and Salinity in Forth Estuary, 187 ; Temperature of 
Water in Firth of Clyde, 461 ; on the Chemistry of Estuary 
Water, 511 

Miller (Hugh), on the Classification of Carboniferous Limestone 
Series, Northumberland Type, 515 

Milne (Prof. John) : on Geology of Japan, 59 ; and the Crater of 
Asamayama, 130; Earthquakes and other Earth Movements, 
Major A. Cunningham, 141; Prize Essays on Earthquakes, 
153; an Earthquake Invention, 193; Volcanoes of Japan, 

434 
Mimicry in Snakes, W. II. Tooke, 547; A. B. Meyer, 596 
Minchin (Prof. G. M.): Scientific Nomenclature, 76; Statics 

with Relation to Physics, Major A. Cunningham, 165 ; 
Ampére’s Rule, 192 ; a Manual of Mechanics, T. M. Good- 
eve, 358 

Mindanao, Ethnology of, Prof. Blumentritt, 372 
Mindoro, Manguians of, Prof. Blumentritt, 557 
Mineral Resources of India, Conference on, 129 
Mineral Waters of Bagnéres-de-Luchon, Haute-Garonne, on the 

Composition of, M. Ed. Willm, 403 
Mineralogical Society, 211, 235 
Mineralogy : Prof. E. S. Dana on the Progress of, 370 ; Contri- 

butions to, W. E. Hidden, 539; Progress of Chemistry and, 
400 
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Minerals ; Melting-Points of, H. L. Crosthwait, 22 ; Locked-up 
Collection of, in Madrid, 577 

Mines, on Laying the Dust in, W. Galloway, 278 
Mines and Miners, Malay, Mr. Hale, 626 
Mines, School of, Ballarat, Report, 531 
Minister of Education, Proposed, 488 
Minor Planet, New, Prof. C. H. F. Peters, 225 
Minor Planets, Influence of Phase on the Brightness of the, Dr. 

G. Miiller, 16 
Miquel (M. le Dr.) Microscopic Organisms in Air and Water, 

318 i 
Mirage at Ostersund, ro8 
Mirrors, Birds and, F. C. Constable, 76 
Mitchell (Arthur), Sense of Smell, 521 
Mitra (S. B.), Physiological Selection and Origin of Species, 

385 
Mittheilungen of the Geographical Society of Vienna, 372 
Mock Sun, Sir W. J. Herschel, 289, 336; Robert H. F. Rip- 

pon, 361; Halo and Mock Suns, E. Douglas Archibald, 
Robert H. F. Rippon, 313 ; seen at Donnzs, Norway, 174 

Modernised Templeton, or the Practical Mechanic’s Companion, 
W. Templeton, W. S. Hutton, C.E., 28 

Modulus of Elasticity, New Method of Determining the, A. 
Konig, 354 

Mohn (H.), Earthquake at Sea, 496 
Mokuaweoweo, Craters of, on Mauna Loa, J. M. Alexander, 

232 
Mole-Hills thrown up under Snow, on the Form of, Prof. Thos. 
McKenny Hughes, F.R.S., 3 

Molecules : Mémoire sur les Volumes Moléculaires des Liquides, 
avec un Avant-propos, 359 

Monaco (the Prince of) : Marine Observations of, 277; on the 
Gulf Stream, 458 

Moncelon (M.), Half-Castes of New Caledonia, 185 
Monckton (H. W.), and R. S. Herries, the Bagshot Beds of 

the London Basin, 210 
Monckton (Horace), the Bagshot Beds, 265 
Moncrieff (Colonel), on Great Guns, 37 
Monkey, the Cortical Centre of the Upper Limb of the, 186 
Monochloracetate of Butyl, G. Gehring, 188 
Mons, Phosphatic Beds near, M. F. L. Cornet, 69 
Montana and Idaho, Pliocene Sandstones from, G. P. Merrill, 

539 
Montreal, Botanic Garden at, 38 
Moon’s Surface, Ice on the, Prof. G. H. Darwin, F.R.S., 264 
Moore (Commander), on the Existence of an Island between 

L’Echiquier Group and Durour Island, 372 
More (Sir R. J.), on Science for the Masses, 458 
Morison (J. T.): and Dr. H. R. Mill, Tidal Variations of Salinity 

and Temperature in Forth Estuary, 187; Distribution of 
Temperature in Firth of Clyde in April and June 1886, 509 ; 
J)istribution of Temperature in Lech Katrine and Loch 
Lomond during the Past Winter and Spring, 509 

Morison (Mr.), on the Turki Languages, 41 
Morley (E. W.) and A. A. Michelson, Experiments on Velocity 

of Light, M. A. Cornu, 139; Influence of Motion of the 
Medium on the Velocity of Light, 158 

Morphological Description of the Brain of Gambetta, MM. 
Chudzinsky and Mathias Duval, 379 

Morphology of the Mammalian Coracoid, G. B. Howes, 537 
Morris (D.), Tropical Fruits, 316 
Morris (Dr.), Phylloxera vastatrix, 355 
Morse (E. S.), Japanese Homes and their Surroundings, 26 
Mosaic, Permanent Colour-Types in, F. Galton, F.R.S., 70 
Moscow: Society of Naturalists, 85; Proposal to Establish a 

University for Women at, 300 
Moseley (H. N.), Importance of Sexual Reproduction in the 

Theory of Selection, Dr. A. Weismann, 629 
Motion, Human, Kinematic Analysis of, M. Marey, 540 
Motor Nerves in Palate of Dog, M. Vulpian, 636 
Mouchez (Admiral): Report of the Paris Observatory, 110 ; New 

Observatory, La Plata, 531 
Moulds, Microbes, Ferments and, E. L. Trouessart, 239 
Mount Wilson and its Ferns, P. N. Trebeck, 307 
Mountain Ascents in Westmoreland and Cumberland, John 

Barrow, F.R.S., 168 
Mountain Ranges, Origin of, T. M. Reade, 602 
Moureaux (T.), Magnetic Maps of France, 188 
Moushketoff (J. V.), Geology of Turkestan, 117 
Mouvement Scientifique et Industriel en 1885, Causeries Scienti- 

fiques, H. Vivarez, 494 

Moxly (Rev: J. H. S.), West Indian Sanatorium and Guide to 
Barbados, 168 

Mud Volcanoes near Baku, Dr. H. Sjogren, 464 
Miiller (Baron Ferdinand yon, F.R.S.), Indigenous Plants of 

Australia, 462; Retirement of, 576 
Miiller (Dr. G.), the Influence of Phase on the Brightness of 

Minor Planets, 16 
Miller and Kempf (Drs.), Solar Spectrum, 176 
Multiple Algebra, Prof. Gibbs, 558 
Murray (J.) and Sir C. W. Thomson, Scientific Results of the 

Challeng‘y Expedition, 437 
Murray (J.), Areas of Different Annual Rainfalls, 461 ; on the 

Antarctic Regions, 557 
Murray (G.), Botanical Researches in Grenada, 489 
Muscular Exercise, Effect of, on Temperature of the Body, 554 
Museum Godeffroy, Dispersion of the, 174 
Museums, &c., Sunday Opening of in New York, 108 4 
Mycorhiza of the Roots of the Sweet Chestnut, Dr. O. Mattirolo, 

403 
Myers (A. T.), Index-Catalogue of the Library of the Surgeon- 

General’s Office, United States Army, 98 
Myristic Acid: Dr. W. Will, 356; Action of Nitric Acid on, 

H. Noerdlinger, 492 

Nadaillac (M.), Grave in Belgium of the Mammoth Period, 492 
Nadar (M.), Photography from a Balloon, 276; Fresh Experi- 

ments with Balloon Photography, 308 
Naphtha in the Volga, 60 
Naphthalene, Isomeric Derivatives of, 506 
Naphthalene and Thymol, Solidification of (F. M. Raoult), 163 
Naples, Earthquake Shocks at, 488 
Nares (Capt. G. S., R.N., F.R.S.) and the Challenger Expedi- 

tion, 437 : 
National Fish-Culture Association, 130, 131, 626 
National Smoke-Abatement Institution, E. White Wallis, 203 
Natural Gallery in Arolla Glacier, Valais, 457 
Natural History : Naturalist’s Calendar, 14; Herr Radde in 

the Transcaspian Region, 41; Natural History Society at 
Yokohama, 59; Naturalist’s Diary, C. Roberts, F.R.C.S., 
L.R.C.P., J. Wrightson, 119; Natural History of Useful 
Aquatic Animals of the United States, 146; Naturalist’s 
Holiday in Australia, Dr. J. E. Taylor, F.L.S., 1685 
Natural History Society of Bombay, 396; Natural History 
and Science Society, Middlesex, Field Meeting, 501 ; 
Naturalists’ Society, Bristol, Proceedings, 555; Natural 
History Collection, locked up in Madrid, 577; Natural 
History Researches in Borneo, J. Whitehead, 602 

Natural Sciences, Swiss Society of, 373 
Nautical Astronomy for the Use of Students, a Treatise on, 
John Merrifield, 262 

Naval Architects, Institution of, at Liverpool, 344 
Nezra, W. H. Dall, 122 
Nemertea, Embryology of the, Prof. A. A. W. Hubrecht, 67 
Nerve Action, Dr. H. P, Bowditch, 559 
Nerve Centres in the Arachnide, M. G. Saint-Remy, 540 
Nerves ; Influence of the, on the Skin, Dr. Joseph, 332; Re- 

generate, Distribution of, C. Vauclair, 562 
Nervous Cells, Prof. Flesch, 71 
Nervous System of Sponges, Dr. R. von Lendenfeld, 538 
Nervous System of the G:steropods, H. de Lacaze-Duthiers, 

588 
Nest, Edible Bird’s, Composition of, H. B. Guppy, 100 
Nettle Cells, Functions of, Dr. R. von Lendenfeld, 538 
Neutral Lining for Metallurgical Purposes, M. Ferd. Gautier, 

62 
New Caledonia, Half-Castes of, M. Moncelon, 185 
New Guinea: Baron Mikluho-Maclay’s Journey in, 41; Mr. H. 

O. Forbes’s Expedition to, Prof. R. Bowdler Sharpe, 340; 
H. O. Forbes’s Work in, 398 

New Holland, Paradoxes of, 154 
New South Wales: Linnean Society of, 95 ; New Aphanipterous 

Insect from, A. Sidney Olliff, F.E.S., 955; Science in, 303 ; 
Centenary Arrangements, 434; Deputation from British 
Association to, 441 ; Royal Society of, 462, 489 ; Tin Deposits, 
S. Hi. Cox, 587 

New York, Sunday Opening of Museums, &c., 108 
New York Times Expedition to Alaska, 226, 500 
New Zealand: the Volcanic Eruption in, 275, 301 ; Dr. Arch. 

Geikie, F.R.S., 320; Dr. James Hector, F.R.S., 389; 
Curious Result of the Volcanic Eruption in, 397 ; Eruption 
of White Island Volcano, 530; Photographs of Scene of 
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Eruption, J. Martin, Prof. J. W. Judd, F.R.S.,; 512; Vol- 

canic Dust in, Mr. Pond on, 488 ; Volcanic Ash from, J. Joly, 

595; Geysers of Rotorua, E. W. Bucke, 5125 Ascent of 

Tarawera, Percy Smith, 544; Fish-Culture in, 555; New 

Zealand Institute, 580 
Newcastle-upon- Tyne Free Library, 555 
Newcomb (Prof. S.) : on the Velocity of Light, 29 ; Determina- 

tion of the Velocity of Light, Miss A. M. Clerke, 170, 193 ; 
Red Sunsets and Volcanic Eruptions, 340 

Newton (Prof. H. A.): the Biela Meteors of November 27, 
1885, 207 ; Meteorites, Meteors, and Shooting-Stars, 532 

Newton Abbot, Scrobicularia Bed containing Human Bones 
in, W. Pengelly, 513 

Niagara Falls: Study and Discussion of the Interesting Pheno- 
mena of the, 396: American Association Excursion to, 559 

Nickel at High Temperatures, Electrical Resistance of, Prof. 
C. G. Knott, 306 

Nikitin (M.), Glaciers in Russia, 604 
Nikolsky (M.), the Drying up and Fauna of Lake Balkhash, 

201 
Nimptsch (Lieut. von), Explorations in the Congo Country, 226 
Nitella, a Remarkable Species of, Whitelegge, 283 
Nitrate of Soda Competition, the, 199 
Nitrates, Secretion of, through Urine, Dr. Gossels, 164 
Nitric Acid, Action of Myristic Acid, H. Noerdlinger, 492 
Nitrifying Organism, Distribution of the, in the Soil, R. 

Warington, F.R.S., 511 
Nitrogen, Spectrum of the Negative Pole of, M. H. Des- 

landres, 380 
Nixon (R. J. C.), Euclid Revised, 50 
Nodon (A.), Registering Hygrometer, 188 
Noerdlinger (H.), Action of Nitric on Myristic Acid, 492 
Nolan (James), Tidal Friction and the Evolution of a Satellite, 

286 
Nomenclature, Scientific, G. M. Minchin, 76; G. Griffith, 122 
Non-Euclidian Geometry Vindicated, F. W. Frankland, 521 
Scapa (Baron), Atomic Weights of certain Rare Metals, 

404 
North America, Classification of the Cambrian System of, Chas. 

D. Walcott, 402 
‘North Downs, the Crag Deposits on the, Rev. A. Irving, 387 
North (Marianne), Paintings of Plants and their Homes, Kew 

Catalogue, W. B. Hemsley, A.L.S., 143 
North Pole, Expedition to the, Colonel Gilder, 490 
Norway: Herr Schéyen on ‘‘ Krog,” or Barley-Pest, 39 ; 
Handy Guide to, Thos. B. Wilson, R.A., 168 ; Destruction 
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Royal Asiatic Society, 626, 628 
Royal College of Surgeons in Ireland, History of, Sir Chas. A. 
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Royal Zoological Society, Ireland, 601 
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Southern Russia, 67 ; Science in, 67; Vegetable Zones of the 
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Annual Movement of the Barometer in Central Russia, General 
A. de Tillo, 516; Glaciers in, M. Nikitin, 604; F. M. von 
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matical and Physical Sciences, Maximilien Marie, 518 ; 
Science in New South Wales, 303 ; Position of, in Colonial 
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Sense of Smell, G. Henslow, 572 
Sense-Formulz, Karl Exner, 354 
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Shadow, Peculiar, of Adam’s Peak, Ceylon, at Sunrise, Hon. 
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Silurian Rocks of North Wales, Prof. T. McKenny Hughes, 
M.A.; 512 

Silver-Blue Cloudlets again, Prof. C. Piazzi Smyth, 311 
Simpson (B., M.D.), Scientific Memoirs by Medical Officers of 

the Army of India, E. Klein, 75 
Singular Case, Prof. Henry H. Giglioli, 313 
Sirius, Companion of, Prof. Young, 176 
Sjogren (Dr. H.), Mud Volcanoes near Baku, 464 
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Snake, Black, containing 109 Young Ones, Capture in Tas- 
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Thos. McKenny Hughes, F.R.S., 3; Permanently Frozen, 
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Snowfall (Himalayan), Blanford on the, 201 
Soap from Grease of Sheep’s Wool, 530 
Society of Arts, Medals of, 129 
Sohnke (L.), Electrification of Ice by Water Friction, 462 
Solar Activity during the First Half of 1886, 278 
Solar Corona, Photography of the, W. Huggins, F.R.S., 469 ; 

A. A. Common, F.R.S., 470 
Solar Eclipse, Total, August 28-29, 1886, 272 
Solar Halo, T. H. Tizard, 168; and Sun Pillar seen on June 

5, 1886, F. A. Bellamy, 193 
Solar Meteorology, Signor Tacchini, 194 
Solar Physics, J. F. II. Schulz, 620 
Solar Radiation, recording Direct Intensity of, 477 
Solar Spots and Faculz, J. Delauney, 564 

Solar System : Spectroscopic Determination of the Motion of, in 
Space, 131 ; Motion of, through Space, M. P. Ubaghs, 158 

Soleillet (P.), Death of, 490 
Solomon Islands, on the Mode of Formation of the Coral Reefs 

of the, Dr. H. B. Guppy, 307; H. B. Guppy’s Proposed 
Work on the Solomon Islands and their Natives, 370 

Solution, Laws of, W. Durham, 263, 468 
Solutions, W. Alexejew, 355; Certain Physical Constants of, 
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Somerset, West, 

Ussher, 513 

Sommier’s Expedition to Lapland and Finland, 248 
Sorby (Dr. H. C., F.R.S.), Microscopical Structure of Steel, 

6 

Lower and Middle Devonian in, W. E. 

3 
South Georgia, Vegetation of, W. B. Hemsley, 106 
Species Making, Devonian Lamellibranchiata and, H. S. 

Williams, 539 
Species, Origin of, Physiological Selection, an Additional 

Suggestion on the, Dr. Geo. J. Romanes, F.R.S., 314, 336, 
360, 362, 407, 439, 545; Prof. Darwin, F.R.S.,-407, 468; 

« A. R. Wallace, 467; J. H. A. Jenner, 468; F. Evershed, 
468 ; E. Catchpool, 617 

Spectrum Analysis: M. Janssen’s Experiments in Spectroscopic 
Analysis, 38 ; M. Trépied on the Spectrum of Fabry’s Comet, 
40 ; a New Spectrometer, J. A. Steggall, 92; Spectroscopic 
Determination of the Motion of the Solar System in Space, 
131 ; New Elements in Gadolinite and Samarskite detected 
Spectroscopically, W. Crookes, F.R.S., 160; Absorption- 
Spectrum of Oxygen, M. Janssen, 176, 187 ; Solar Spectrum, 
Drs. Miiller and Kempf, 176; the Ultra-Violet Spectrum of 
Cadmium, Louis Bell, 208; on a Method of Distinguishing 
Rays of Solar from those of Terrestrial Origin, Prof. Cornu, 

210; Further Discussion of the Sunspot-Spectra Observations 
made at Kensington, J. Norman Lockyer, F.R.S., 251 ; Ab- 
sorption-Spectrum of Didymium, William Crookes, F.R.S., 
266; M. Janssen’s Researches on Influence of Gases on the 
Rays of the Spectrum, 299 ; Spectrum of Comet ¢c 1886, O. T. 
Sherman, 402; Spectrum of the Negative Pole of Nitrogen, 
M. H. Deslandres, 380 ; Photographs of Stellar Spectra, 
Exhibiting Bright Lines, 439; Photographs of Stellar 
Spectra, E. C, Pickering, 569 ; Prof. Rowland’s Photographic 
Map of the Normal Solar Spectrum, 490; Wave-Length 
Tables of Spectra of Elements, 506 ; Absorption-Spectra of 
Uranium Salts, Dr. W. J. Russell, F.R.S., and W. Ifo 
Lapraik, 510 ; Thollon’s Map of the Solar Spectrum, 579 ; 
Fractionation of Yttria, W. Crookes, F.R.S., 584 

Speech, Western, Arabic Analogues in, E. M. Clerke, 578 
Spencer (W. B.), Parietal Eye of Hatteria, 33 
Spoerer (Dr.), Solar Spots and Protuberances, M. Faye, 588 
Sponges, Nervous System of, Dr. R. von Lendenfeld, 538 
Sprengel (Dr.), on Panclastite, 32 
Squall of January 13, 1886, R. H. Scott, F.R.S., 187 
Srinagar, Cashmere, Earthquake at, 627 
Stamens, Superimposed, Thos. Meehan, 17 
Standard Measures, Dr. Pernet on, 22 
Starfish, Abnormal, Prof. W. A. Herdman, 596 
Stars: Binary Star a Centauri, 61; Binary Star + Cygni, 

J. E. Gore, 603; Binary Star y Coronz Australis, H. C. 
Wilson, 176 ; Binary Star O3, 234, 459; Observatory Work 
at Yale College, 84; Stars with Remarkable Spectra, 85 ; 
Catalogue of Comparison Stars, 110; Variable Stars, III, 

132, 156, 177) 435, 459, 491, 502, 532, 556, 580, 604, 628 ; 
M. Espin, 110; Suspected New Variable Star, 459 ; Occul- 
tations of Stars by the Moon, rit, 132, 156, 435, 459, 491, 
532, 556, 579; Telegraphic Longitude Determinations in 
India, 131; Zone Observations of the Astronomische 
Gesellschaft, 131; Prof. Holden and the Astrono- 
mische Gesellschaft, 490; Publication der Astronomischen 
Gesellschaft, Herr Romberg, 556; Apparent Oscillation of, 
H. de Parville, 163; Photographs of Stellar Spectra, E. C. 
Pickering, 439, 569 ; Photographic Determinations-of Stellar 
Positions, Dr. B. A. Gould, 502, 560; Heliometric Observa- 
tions of the Pleiades, Dr. Elkin, 502, 531; Gore’s Nova 
Orionis, T. E. Espin, 502; Stellar Photometry, Mr. 
Chandler, 531; Personal Equation in Observations of Double 
Stars, M. Bigourdan, 555; 10 Sagittee, S. C. Chandler, 604 ; 
Distribution of, in Schénfeld’s Durchmusterung, 627; Sun 
and Stars, J. Norman Lockyer, F.R.S., 41, 205, 227, 280 

Start (T. W. K.), Exercises on Mensuration, 49 
Statics with Relation to Physics, G. M. Minchin, Major Allan 

Cunningham, 165 
Stationary Waves in Flowing Water, Sir William Thomson, 

F.R.S., 507 
Steam, the Electricity of, M. Palmieri, 277 
Steel: Steel Wire, Dr. J. Percy, 62; Blow-holes in Steel, Me 

Head, 62; Endurance of Steel Rails, F. W. Webb, 63; 
Microscopical Structure of, Dr. H. C. Sorby, F.R.S., 63; 
Production of Soft Steel in a New Sort of Fixed Converter, 
512; Casting Chains in Solid Steel, F. Gautier, 576; Strain- 
Effect of Sudden Cooling in Steel and Glass, Barus and 
Strouhal, 208 

Steggall (J. E. A.), a New Spectrometer, 92 
Stejneger (Dr, Leonhard) : Explorations in Behring Straits, 15 ; 

Results of Ornithological Explorations in the Commander 
Islands and Kamchatka, 323 ; Ornithological Explorations in 
Commander Islands and Kamchatka, 619 

Stellar Photography, Researches in, Rev. Prof. Pritchard, 
F.R.S., 305 

Stellar Spectra, Draper Memorial Photographs 04 E. C. Picker- 
ing, 439 

Stenger (Fr.), Phenomena of Fluorescence, 355 
Stephens (Prof.), Recent Eruptions in the Taupo Zone, New 

Zealand, 379 
Stephenson (David), Death of, 274 
Steppes (the South Russian), Prof. Beketoff on, 226 
Stereoscope, New Form of, A. Stroh, 68 
Sternberg (Dr.), Micrococcus pasteuri, 162; Experiments with 

Hydrophobia Virus, 74 
Stevenson (J.), Hymenomycetes Britannici—British Fungi, 97 
Stewart (Prof. Balfour, F.R.S,), Madras Magnetical Obszrva- 

tions, 3; on Terrestrial Magnetism, F. S. Trouton, 53 
Stewart (T.), Rainfall of the Cape Colony, 573 
Stinging-Nettle, the Poison of the, A. W. Bennett, 53 
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Stirling (James), Glaciation in the Australian Alps, 307 
Stockholm: Academy of Sciences, 116, 564; Proposed 

Aquarium and Winter Garden at, 153; Geological Society, 
164, 404, 464 ; Observatory, 277 

Stokes (Prof. G. G., F.R.S.), on Science and Art at the Royal 
Academy Dinner, 13 

Stoliczka (Dr. F.), Scientific Results of Second Yarkand 
Mission, Araneida, Rev. O. P. Cambridge, 120 

Stone Age, Grave of, at Crécy-sur-Morin, A. Thieullen, 636 
Stone Age at Kazan, the, MM. Stuckenberg and Vysotski, 277 
Stone Age in the Malay Peninsula, A. Hale, 53 
Stone Age and Pottery, M. Martel on, 38 
Stone Slab with Drawing of the Great Bear found in Russia, 

434 
Stonehaven Sea Disturbances near, 108 
Stonyhurst, Flora of, 201 
Storms, Law of, W. H. Rosser, 594 
Strachan (R.), Meteor (June 13), 143 
Strahan (Aubrey), Glaciation of South Lancashire, Cheshire, 

and the Welsh Border, 162; Notes on the Relations of the 
Lincolnshire Carstone, 258 

Strain-Effect of Sudden Cooling in Glass and Steel, C. Barus 
and V. Strouhal, 208, 539 

Straits Settlements, the Races of the, Mr. Swettenham, 347 
Strasburg Observatory, 247 . 
Stress and Strain, Influence of, on the Physical Properties of 

Matter, H. Tomlinson, 69, 115 
Stroh (A.), a New Form of Stereoscope, 68 
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HOMER’ S SENSE OF COLOUR 

Le Sens des Couleurs chez Homére. By Dr. Alb. de 
Keersmaecker. Part I., xii.+ 152 pp. (London: 

Triibner, 1885.) 

eee appears to be Part I. of a monograph on the 
colour-sense developed in ancient times, although 

chiefly based on the language of the Homeric poems. It 
is to a large extent a criticism of the essays of Mr. Glad- 
stone and Dr. Magnus (of Breslau) on this subject. It is 
generally admitted that the colour-nomenclature of the 
Homeric poems is far less copious and less precise than 

that of modern times. Various theories have been pro- 
posed about this. The author represents (p. 22, &c.) Mr. 

Gladstone’s view to be that Homer’s fercepi/zon of colour 
was ill-defined, and that his so-called colour-terms are 

often really descriptive of luminosity rather than colour. 
And he describes (p. 6, &c.) that of Dr. Magnus similarly, 

with the addition that the human eye was in those days 

less perfect in colour-perception than now, and has gradu- 
ally improved to its present state. 

After a lengthy criticism of these and other theories, 
the author’s conclusions are briefly that there is no evi- 

dence of any improvement in the human eye itself during 

these ages, and that the progress that had taken place is 

solely one of human knowledge of colour: also that 
Homer’s colour-terms are probably often vague, but not 

more so than is admissible in poetry. 

As to evolution, however, the author goes much further: 
he lays down broadly (p. 32) that no change has taken 
place in any organ in any species, and most certainly not 

inman. It is strange that he also expresses himself as a 

follower of Darwin. After this it will not seem strange 

that the general argument is not particularly convincing: 
the mode of argument, too, is not pleasant ; in fact the 
author pleads guilty to a certain sharpness of manner 
(acescence de la forme) in his criticism of persons. 

Waiving however the form, there is much in the matter 
‘that is interesting. A short account (9 pages) is first 

given of what is known of Homer’s life, and it is argued 
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that Homer—as being an illegitimate child—was consti- 

tutionally liable to the infirmity of blindness traditionally 
ascribed to him: it is fairly urged by some that this blind- 
ness, coupled perhaps with colour-blindness, may itself 
be responsible for some of the uncertainty attached to 

Homer’s colour-terms ; but the conclusion is that there 

is no evidence of colour-blindness. 
As to the misuse (?) of colour-names sometimes ascribed 

to Homer, the author points out (with numerous quota- 
tions) that the usage of modern French and English poets 

is often, to say the least, inexact, so that it is absurd to 

expect exactitude of application in ancient poetry. 
Among the detailed criticisms on Mr. Gladstone’s 

essays may be noticed the following :—Exception had 

been taken to the use of the word oimé (usually trans- 

lated ved) as descriptive of a horse; hereon it has been 
urged (by Mr. Prior in NATURE) that this word should 
here be translated Phenician,; but, if this be really a 
colour-term in this place, why not translate it as a day or 

chestnut (horse) if the term ved jars on the English ear ? 
Again, surely a poet may describe a (mythical) serpent as 

dapouds (red ?), and the (mythical) ambrosia as podders 

(rosy ?) without being called to account. In one case 
(Odys. B. VI. v. 163), where the use of hotwé as a colour- 

term had been objected to, the author explains that its 
other meaning, falm-tree, makes sense of the passage. 
Special exception is taken to Mr. Gladstone’s interpreta- 
tion of at@o, which the author considers to be not a 
colour-term but a word descriptive of combustion, so 
covering a wide range of meanings, e.g. fiery, glowing, 

smoky, golden, &c. 
The Homeric expression ovo applied to the sea— 

hitherto far from clear—receives a new explanation from 
a traveller in the A©gean, viz. that that sea has at times 
a blood-red appearance with a red horizon all round. In 

commenting on the word y\epds, which seems to mean 

both gree and fresh or vigorous, the author endeavours 
to connect the syllable « with the meaning of vigour, e.g. 

harit (Sanskr.), saévit (Zend), ide (Greek), vz (Lat.), (to 
which may surely be added the English mzghz), but the 
connection seems very slight ; in fact the syllable « recurs 
in many terms expressing weakness or smallness, ¢.g. 

puxpés, minimus, slight, schlimm, weich, faible. 
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The remarkable fact is brought to notice that the term 
sky-blue is almost unknown in the ancient writings of any 
Asiatic people, e.g. in the Vedic hymns, in the Zend- 

Avesta, in the Old Testament, in Hebrew writings gener- 
ally, and in Homer and Hesiod ; the epithets applied to 

the sky being expressive of its vastness, depth, purity, 

brilliancy, &c., but not of its colour. A similar want of a 

precise colour-term is shown to exist in many modern 
barbarous languages. 

to conclude that sky-blue was a colour unknown to these 
peoples ; indeed sky-blue pigments have been found 
(p. 37) at both Memphis and Thebes. 

A part of Dr. Magnus’s theory of the evolution of the 
colour-sense is that the eye acquired the power of recog- 

nising different colours in the order of their luminosity ; 

but the order which he seems to assign (p. 71), viz. red, 

yellow, &c., is certainly not that of their luminosity. 

The physiological and emotional effects of colours on 

men and animals are noticed in this connection. Thus 
red is known to excite bulls and turkeys : the experiments 

of M. Paul Bert on the small crustacean Daphnia are 
quoted ; when placed in a solar spectrum they congregate 

most thickly in the orange to green region, which is also 
the most luminous region. Goethe’s speculations on the 

effects of colour on the emotions of mankind are noticed 
at length. A curious “ colour-treatment ” (chromo-photo- 

thérapie) proposed for the insane is also mentioned, which 

consists in placing the patients amidst surroundings of a 

tint supposed to be capable of exciting healthful effects : 
thus red is said to excite, blue and violet to sadden, green 

to soothe. The results of this treatment do not seem to 
have been very definite (pp. 78, 79). 

The comparative philology of colour-terms takes up— 

But it does not seem warrantable | 

as might be expected-—much of the work; the author has | 

spared no pains in endeavouring to trace out the mean- 

ings of Homer’s colour-terms by the help of the related 
words in other languages. As to the uncertainties of this 

process, take the words related to d/ve as an instance. 
Mr. L. Geiger’s opinion is quoted (p. 50) that the modern 

European words élwe, blae, blau, bid, bleu, &c. (English, 

Scotch, German, Danish, French), now meaning Jd/ue, 

meant dack in early Europe, whilst another (p. ror) 

connects them with words conveying the idea of bright- 
ness, ¢.g. b77ller, blanc, blink, bleach, blank. 

The author promises a further instalment of this essay, 
in which the evidence from the fine arts, pottery, and 

dyers’ work, and that from morphology and physiology are 
to be set forth ; also a full statement of conclusions. 

ALLAN CUNNINGHAM (Major, R.E.) 

OUR BOOK SHELF 

The Fournal of the Engineering Society of the Lehigh 
University, March, 1886.) 

THE practice of forming engineering societies in universi- 
ties where engineering is taught is an exceedingly good 
one, and should receive every encouragement and help 
from the authorities. In fact every college should have 
its society. The meetings give the students an oppor- 
tunity of discussing interesting engineering works, and 
give them a greater interest in the subject-matter taught 
in the class-room. These junior engineering societies, if 
I may so call them, ought not to be only found in col- 
leges, but all large engineering works should have a 
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society of their own, the members of which should in- 
clude those of the pupils, apprentices, and men who are 
anxious to improve themselves by the reading and dis- 
cussing of papers prepared in rotation by the members 
themselves. Visits to other works might also be arranged. 
No doubt the formation of such societies may seem very 
hard to accomplish, but in most works there will be found 
men willing and anxious to form such societies and to 
keep them going until their utility is recognised. 

The Yournal before us contains several articles of an 
interesting nature, the first being by Prof. Merriman on 
“The Internal Work and the Deflection of Beams” ; the 
second article gives an account of “Boring the Big 
Aqueduct” for the New York water-supply from Croton 
Lake. We next have a short notice on technical educa- 
tion in Mexico, followed by a very good account dealing 
with ‘“‘ The Requisites of a Successful Engineer.’ 

After notices on “ Mine Water Formations” and “ The 
Foundations of the Washington Monument,” the Fournal 
concludes with a condensed report dealing with the 
measurements necessary to ascertain “the velocity and 
discharge of the Lehigh River about Bethlehem.” 

Taken as a whole the contents of this Foal are dis- 
appointing from a professional point of view, Prof. 
Merriman’s article on the deflection of beams being 
excepted. The descriptions are much too general and 
popular ; the subjects are not treated with that accuracy 
demanded by an engineering article, and are written in a 
style more fitted for the columns of a daily paper than a 
journal published by an engineering society. 

Neue 

Fresentus’s Quantitative Analysis, Parts I.and II. Vol. II 
Translated by C. E. Groves, F.R.S. From New Edition 
of Fresenius commencing in 1877. (No date.) 

IT is a great pity these books cannot be pushed forward 
muchfaster. The plan adopted by many German authors of 
sending out books in “Lieferungen ” has some advantages, 
but generally these are more than balanced by the time 
allowed to elapse between each part. This slowness on 
the part of authors makes it somewhat unpleasant for a 
translator, who must of necessity be still somewhat later. 
In this particular instance, however, the translator has 
improved on the time by introducing or referring to 
methods not in the original, but it might have been 
carried further. The original does not contain anything 
about Victor Meyer’s methods of vapour-density deter- 
mination, and the translator has also refrained from 
noticing these methods. 
this, but we think at least the methods might have been 
mentioned, as they are simpler to perform than any other, 
and do not fall behind any in accuracy. 

The whole of Part I. and a small portion of Part II. is 
taken up with analysis of organic bodies ; the remainder 
of Part II.is on the analysis of potable and spring waters, 
&c. If an index or table of contents had been added, it 
would have rendered the English edition more practical. 

LE LEDERS LOVLAE PE DPIROR: 

{Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space ts so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.| 

Protective Influence of Black Colour from Light and 
Heat 

In NaTuRE, vol. xxxiii. p. 559, a correspondent refers to the 
effect of blackening the skin round the eyes as a protection 
against the glare of strong sunlight. Probably the practice has 
good scientific grounds. 

There may be some reason for 
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The shape of the orbit at once suggests the reflecting cone of 
a thermopile, with the eyeball centred on its axis in the position 

of the pile, but of course much less deeply placed. The cone 

is, in this case, oblique, the maximum slant side being internal, 

Zc. towards the nose, and the minimum slant side external. A 

plane through the outer orbital angle, and perpendicular to the 
axis, will be pretty nearly coincident with the tangential plane 
of the eyeball at the anterior end of its antero-posterior diame- | 
ter, and there will be a considerable part of the nasal surface 
of the cone in front of that plane. This part will act as a 
reflecting surface, and concentrate the rays upon the eyeball. 
Probably variations of complexion will not much affect the re- 
flecting power of this surface, seeing that the difference in the 
skin of black and of white races is mainly a difference in the 
amount of pigment in the rete mucosum, and not in the super- 
ficial parts of the epidermis. 

It is evident that rays reflected from the ground, and from 
objects of no great altitude, are the rays which will have the 
greatest chance of striking the eye after reflection from the sides 
of the orbital cone. The direct rays of the sun in tropical 
countries will, during the hottest part of the day, be too nearly 
vertical to take this course. Now it would seem that it is in the 
case of intense light reflected from rocks, snow, &c., that the 
blackening has been found useful. 

Whether to any appreciable extent the amount of light enter- 
ing the eye is increased by the shape and projection of the orbit 
is a different question. 
should be concentrated upon the eyeball. They must enter the 
pupil. Nevertheless, it would seem from observations made for 
another purpose upon the pupil-reflex, that the diameter of the 
aperture is increased by blackening the skin round the orbit, say 
by means of a piece of black cloth with an elliptical hole in it 
for the eye, the light of course being ke] t of constant intensity. 

April 19 G. N.S. 

On the Form of Mole-Hills Thrown up under Snow 

Motes must have an opportunity of getting to the surface here 
and there to dispose of the results of their excavations. When 
they meet with a deep-laid hard road they come out and cross it. 
When frost has bound the soil into an impenetrable cake they 
sometimes come out of the ground, and, travelling away to seek 
a place more suitable for their operations, are unable to find 
their way back or to burrow into the frozen soil in another place, 

and’so they get killed in considerable numbers. When there is 
a little snow on the ground, protecting it from the frost, the 
moles come to the surface as usual, and throw up mounds of 
earth under or through the snow. But, when deep-drifted snow 
has covered the ground, the mole-hills under it are found to be 
arranged in more or less symmetrical ridges of uniform height 
and breadth, as represented in the sketch. It would appear that 
the moles in these circumstances make galleries about the size 
of their own bodies on the surface of the turf in the bottom of 
the snow, into which they push the earth to be disposed of, find- 
ing it easier to make these small tunnels than to raise the usual 
mound of earth under the superincumbent snow-drift. The 
severe winter just over has caused the snow-drifts to lie long in 

For here it is not enough that the rays_ 

the north of England, where examples of this peculiar form of 
mole-hill may be commonly seen on the Fells. 

Cambridge Tuos. McKenny HuGHEs 

Protective Imitation 

I HAVE been watching for hours with great interest what I 
believe to be a very curious instance of protective imitation. A 
large old thrush has been, all that time, trying to make itself 
look like a serpent, and succeeding remarkably well. The 
object appears to be to frighten away a smaller and more active 
thrush—no doubt younger and with sharper ears—which seems 
to be getting all the worms. It appears afraid to attack its 
young rival, but runs towards it as if it meant to do so, and 
when the young one turns round and faces it, the old one 
crouches down so that nothing of it is seen but a crest-like back, 
two glaring eyes, the spotted throat, and a dark line formed by 
the front view of the beak and the lines at the corners of the 
mouth, which look very much like a serpent’s mouth. If I saw 
the creature protruding from a bush or from the grass, I should 
certainly take it forasnake of some kind. The young bird 
looks alarmed and retreats, though just before it was ready to 
attack the other. No sooner has it recovered its courage and 
advanced to attack than the old one retreats, and resumes its 
serpent-like mask. There has been a little sparring in the air 
occasionally, just enough to show the nature of the feeling, but 
if allowed to do so the young one evidently would be content to 
feed quietly. The old thrush (I know it by asmall white feather 
on one wing) is very much at home on this lawn, and seems to 
consider it as its own private domain, at all events as far as 
thrushes are concerned. A short time ago, when the ground 
was for a long time hard from frost and drought, this thrush 
moped about and seemed nearly starved, and at last fell upon 
two great clumps of yellow crocuses, and not only tore them to 
pieces, as if in a rage, but devoured them entirely, returning 
again and again to them, and gobbling up the yellow petals as a 
rabbit does a lettuce. At that time many birds that are usually 
too shy came down from the hills and strolled about the fields 
and lawns—snipes, plovers, &c. Two exquisite crested plovers 
(I think they are called) stalked about with graceful dignity for 
some days in a garden close by, and roosted in an old hen- 
house. The thrush touched no crocuses but the yellow ones, 
and no other bird did so. I should be glad to know if the 

resemblance to a serpent has been observed 
by any one else. Ve Mie 1s 

Sidmouth, April 19 

P.S.—It may be thought that the crouching 
is only a preparation for a spring, but it does 
not suggest that to the eye, and it is not fol- 
lowed by aspring. If it really is a fact and 
not a fancy, the instincts of imitation and of 
fear in this case must be a very ancient in- 
heritance indeed. 

Iridescent Clouds 

Tus evening at sunset there was here a 
fine instance of iridescent clouds. About 7 
I drew the attention of my companion to some 
remarkable clouds ; three long arms of stratus 
of peculiar texture, like pulled-out cotton-wool, 
and of striking colour, blue-black and silver, 
stretched nearly to where the sun had gone 
down behind a hill. At 5 minutes past 7 a 
detached portion of this cloud assumed lovely 
iridescent colours like bright mother-of-pearl. 

This gradually died away, but other portions assumed the same 
tints. At 7.30 the tints vanished. Wind, south to south-west. 

Glencar, Kerry, April 26 J. G. GRENFELL 

MADRAS MAGNETICAL OBSERVATIONS * 
V E are indebted for the present volume to Mr. 

Pogson, the Government Astronomer at Madras, 
from whose introductory remarks we learn that he is not 
yet at the end of his editorial labours. 

= « Magnetical Observations made at Madras in the Vears 1851-1855, under 
the Superintendence of Mr. W. S. Jacob.” Edited by Mr. N. R. Pogson, 
Government Astronomer. (Madras: Lawrence Asylum Press, 1884.) 
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Mr. Pogson intends as soon as possible to continue 
his work, and the greatest praise must be given to this 
distinguished astronomer for his persistent efforts to 
complete the records of his Observatory. But what can 
be thought of a system of administration under which 
observations are reduced about half a century after they 
are made? If this were the only instance of such a 
monstrous delay it would be bad enough, but we seem 
destined to have another instance, no less flagrant. 
The late Mr. John Allan Broun finished his work at the 
Trevandrum Observatory in 1864, and as yet only the 
first volume of his reductions has seen the light. Here 
the Observatory has been discontinued, and we do not 
know that any one has come forward to complete the 
labours of Mr. Broun, so that the publication of the 
remaining volumes seems to be adjourned indefinitely. 
Surely there is something in this system which requires 
putting right. 

Mr. Pogson tells us in his introduction that the vertical 
force results were never entitled to any confidence, espe- 
cially before March 1853, when, for the first time, the 
needle was placed nearly perpendicular to the magnetic 
meridian, agreeably to the directions given in the report 
of the Royal Society. Our readers are probably aware 
that at the present moment a Committee of the British 
Association is engaged in discussing magnetic observa- 
tions, and they are anxious to bring together all reason- 
ably good determinations of the solar-diurnal variations 
of the three magnetic elements for as many places as 
possible. 

It may therefore be of interest, especially after the 
above remark by Mr. Pogson, to apply some sort of pre- 
liminary test to the Madras observations. I shall there- 
fore compare them with the similar results obtained at 
Bombay, and discussed by Mr. C. Chambers in his recent 
elaborate and excellent volume. 

In the following table we have in the first place a com- 
parison of the solar-diurnal variations of declination at the 
Colaba Observatory, near Bombay, andat Madras. For 
the purpose of this comparison it is unnecessary to give 
the scale values or to exhibit all the months. We have 
therefore limited our comparisons to a mean of the three 
months, November, December, and January, and also of 
the three months, May, June, and July. 

TABLE I.—Comparison of the Solar-Diurnal Variations 
of Declination at Bombay and at Madras 
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Now it will, we think, be seen from Table I. that at 
both stations the type as well as the range of the solar- 
diurnal variation is very different for the two groups of 
months. It will likewise be seen that the peculiarities of 
the summer variation are very much alike at both sta- 
tions, and that the peculiarities of the winter variation 
are also very much alike. Thus the comparison is 
favourable to the accuracy of the observations at both 
stations. 

Let us now turn to the force components. In Table II. 
we have a comparison of the horizontal and vertical force 
variations at the two stations for the two months, June 
and December. 

TABLE I].—Comparison of the Solar-Diurnal Variations 
of the Horizontal and Vertical Force at Bombay and 
at Madras 
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3) irs — 94 > + 30 am 5) 
4 » — 92 — 64 + 36 cmt) 
By 2D = Se) Roe + 59. aS) 
6 55 =a 4-7 Teo: | + 95 + 3 
ah ae wi + 28 + 74 + 8 
Saar +101 ae, Cs} + Io + 28 
9 » +189 +161 — 80 720 

LO} ys + 287 +23 —153 -57 
Ti 55 + 302 +242 — 162 —61 
2 ee +278 + 204 —116 —19 

Bl op +214 +134 65 +6 
14 5; +120 + 66 = ity) +9 
Loe + 21 qe + 19 + 8 

16 ,, = e50) 27 eee a 7) 
7a ase — 105 65 ap 22 = 18 
18 ;, — 132 = 4 ap 
19 5, —12 86 ap 3} + 8 
20) |; — 124 — 105 ap it} + 6 
PAK 5p —1i21 SUG! + 2I ee et 

22 5; —119 111 + 31 +9 
23ers III — 109 + 34 +10 

Madras civil time Horizontal force Vertical force 
(noon = 12) June Dec. June Dec. 

h. m. 

o 4! — 309 — 284 + 923 + 666 
Wp — 299 — 245 + 543 + 697 
2a. — 268 — 226 te FSH) + 650 
Bae — 258 —218 + 515 + 529 

4 » — 243 — 197 + 558 ae 
5 ~ 236 ~ 159 a (O07 et no70 
Cae ap e+5) - 80 + 300 + 879 

7 5 an 9 ae they tr 250) ) chesog 
ES a5 + 365 +317 = G83 a 7) 
Ome, +658 +57 —1329 — 938 

ifoh = 5 +873 +740 — 1688 — 1247 
cle +876 + 730 — 1926 — 1043 
Tae +716 +580 — 163 — 1246 

13s + 483 + 354 — 1096 — 1304 
1A Gs +194 +160 — 389 = ye 
T5toee — 66 ar 1G + 60 33% 
16) 3: = 211 = Gi + 241 — 289 
Gh os — 281 — 185 + 30 a3} 
is) op — 319 — 256 + 426 1 75 

19) =338' = 326 Ho 555) 2 at te 
20s — 323 — 360 + 596 + 280 
21 es — 336 — 374 + 640 4- 376 
22 5; 1309) eat cee) ae See 
230 ~ 31r — 314 + 99t + 747 

1t will be seen from this table that at both stations and 
for both components the type for June is nearly the same 
as that for December, the chief difference being in range. 
Also that the type at the one station is very similar to 
that at the other. The most marked difference between 
the two stations is for the vertical force, the range of this 
element in December bearing a smaller proportion to its 
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range in June at Bombay than at Madras. To investigate 
this point it will be desirable to give the comparative 
ranges for the various elements for the various months at 
the two stations. This is done in the following table. 

TABLE III.—Ranges for the Various Months of the 
Diurnal Variations of the Three Elements at the 
Two Stations 

Bombay Madras 

Declina- Hor. Vert. | Declina- Hor. Vert. 
Month tion force force tion force force 

January 5 alo 389 167 gI 1318 3414 
February ... 117 507 120 | 64 1585 3778 
March 263 571 175 | 104 1785 4847 
April... 392 576 216 218 1851 6273 
May ... 486 473 265 243 1522 4198 
June ... 480 434 257 | 260 1214 2017 
july: ese 0 -c- -408 439 263 | 249 1218 2445 
August... 545 423 30m) 273 IIOL 3203 
September... 550 407 365 282 1331 6401 
October . 258 437 213 IIo 1595 5163 
November... 103 414 ot 73 1362 3633 
December... 136 356 89 86 Ill4 2280 

From this table it will be seen that for both stations 
there is a smaller maximum of declination range about 
May or June, and a larger maximum in September, whiie 
the most decided minima are in November and February 
for both stations. Again, there isa maximum of horizontal 
force range for both stations in April, and also in October, 
while the minima are at Bombay in September and 
December, and at Madras in August and December. 

Finally, at Bombay there is a smaller maximum of 
vertical force range in May and a larger in September, 
while at Madras these occur in April and September. 
The most pronounced minimum of vertical force is in 
December for both stations. 

It would thus appear that there is a very striking like- 
ness between the variations of the three elements at the 
two stations, and that, notwithstanding Mr. Pogson’s 
remark about the vertical force instrument, its results do 
not appear to be without value in a comparison of the 
above nature. BALFOUR STEWART 

PLANTS AND THEIR DEFENCES 

CONSTANT struggle for existence, the consequence 
of the enormous increase in the numbers of the 

individuals of almost every species, is the fate of nearly 
every organism, both animal and vegetable. Some have 
to sustain the attacks of others which are directly an- 
tagonistic to them, and which regard them as prey; in 
the case of others the struggle is rather one to live in the 
face of adverse conditions or peculiarities of environ- 
ment, so that the different organisms are not directly 
hostile, but each affects its neighbour injuriously by 
adapting itself more readily to the changing surroundings, 
and so diminishing the other’s power of obtaining nutri- 
ment, sunlight, or whatever other condition may be the 
object of their competition. Thus have been developed 
in the different competitors different features of their 
constitution—many perfecting powers of active assault, 
others facilities for active or passive defence. The last- 
named is particularly the feature found in the vegetable 
kingdom. The want of locomotion prevents any aggressive 
movement of the individual, and hence success in the 
struggle can only be secured by more complete adapta- 
tion to environment than its competitors can show, or by 
protective mechanisms guarding the individual from the 
assaults of organisms inclined to prey upon it. These 
mechanisms exhibit very great variety, and their object 
often seems obscure till they are looked at in the light of | 

the environment of the plant, the conditions ef its life, 
and the enemies against which it has to contend. The 
specially-exposed points of attack are three: the succu- 

lent leaves and shoots or the attractive fruits are assailed 
by animals in search of food ; the honey secreted by the 
flower to allure to it the particular insect adapted to bring 
about properly the process of fertilisation attracts also 
other insects whose presence is useless for such purpose, 
and which therefore are only robbers ; while the fertilising 
pollen is itself the object of desire on the part of others 
which are equally unable to apply it to its legitimate 
purpose. 

The protective mechanisms of plants, therefore, so far 
as they are directed against aggressive animals, are to be 
looked for mainly in the neighbourhood of the young 
growing parts or the reproductive organs. Not exclusively, 
however, but generally the older vegetative parts are 
defended by their own inherent qualities, such as their 
hardness or wiriness, which keep them from being suit- 
able for the food of their assailants. Such young growing 
parts in many plants, particularly those growing in ex- 
posed regions, are plentifully supplied with thorns, spines, 
or prickles, rendering them in many cases extremely 
formidable. The thorns or prickles may be produced on 
almost all the vegetative organs, and may be merely 
epidermal structures, or much stronger in composition, 
containing considerable developments of woody tissue. 
These thorny plants are most noteworthy in desert countries, 
some that are met with there, notably the so-called 
“wait-a-bit ” thorn of Africa, having spines of immense 
length, and being quite impenetrable by man or beast. 
Cases are not of infrequent occurrence where even the 
lion himself is a considerable sufferer by coming into 
collision with this plant. So great is the development of 
the thorny character in this region that Grisebach con- 
nects it particularly with desert exposure and scarcity of 
vegetation. Nor are thorny plants by any means confined 
to such regions—on our own heaths the gorse is a familiar 
plant, and one sufficiently formidable to passers-by ; 
while other spiny Leguminosz, as the wrest-harrow 
(Ononts spinosa), are not infrequent by the wayside. A 
further peculiarity may be noted in connection with these 
plants : often the thorns do not occur above the point 
which is assailable by the animal in its search for food ; 
while, when the shoot has outlived its period of succulent 
condition, and its tissues have become hard and dry, the 
thorns do not persist, being much more numerous when 
the part is young. . 

Nor is this spiny habit confined to shrubs or trees. 
The cactuses, which are so remarkable a feature of the 
vegetation of America, are equally well protected. Their 
surfaces show great variety of development in this par- 
ticular: some have small groups of thick rigid spines, 
others long flexible needles of intense sharpness, pene- 
trating easily the skin of the assailant, and almost 
impossible to extract. 

More formidable defences even than thorns or prickles 
are found in the varieties of stinging hairs borne so 
plentifully on the leaves of many plants, These are 
represented in England by the two species of stinging 
nettle, which are, as every one knows, capable of pro- 
ducing considerable discomfort to the unwary person 
who handles them. These are, however, not worth men- 
tioning by the side of many of their tropical relations. 
The structure of the hair in all these is similar: a mass 
of cells forms a kind of swollen cushion below ; on this 
is seated the long tapering hair, which ends in a some- 
what recurved point or hook. The walls of the upper 
part of the hair are very strongly silicified, and are, con- 
sequently, easily ruptured. Lower down there is but little 
silica. When touched or rubbed by the hand, the pressure 
drives the hair downward ; at the same time the brittle 
hook penetrates the skin and breaks off. The downward 
pressure forces out from the broken hair a fluid of in- 
tensely acrid nature, which, on entering the wound made 
by the point, sets up more or less severe inflammation. 
This fluid is generally conjectured to be formic acid—a 
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view based on the fact that this acid can be obtained 
from the nettle plant by suitable means. | 

While the English representatives of this group of | 
plants are sufficiently formidable to careless intruders, 
some of their connections in other parts of the globe are 
distinctly dangerous. A traveller in Australia describes 
a specimen of Urtica gigas in the following terms :—“ A 
specimen seen by Sir W. McArthur, still in full vigour, 
rises from its base by a series of buttresses of singularly 
regular outline, gradually tapering, without a branch, to 
a height of 120 to 140 feet. The trunk then divides into 
a regularly-formed, wide-spreading head, which excites 
admiration from its extraordinary size. But the ordinary 
elevation of this tree is 25 to 50 feet, with a circumfer- 
ence of 12 to 20 feet. The leaves, when young and in 

vigorous growth, attain a breadth of 12 to 15 inches, and 
are ofa beautiful dark-green colour. As may be expected, 
the poisonous fluid secreted from the foliage is very 
powerful, particularly in the younger leaves, and their 
sting is exceedingly virulent, producing great suffering, not 
unattended with danger. It is found in the northern part 
of New South Wales, and is a great impediment to the tra- 
veller.” An Indian species (Urézca or Laportea crenulata) 
is equally obnoxious. -It has rather large leaves, round 
which numerous small stinging hairs are placed. At 
certain seasons it emits when bruised so irritating an 
aroma as to cause a copious flow of saliva and mucus 
from the nose and eyes for many hours, while violent 
fevers have been caused by the fluid poured out from its 
ruptured hairs. Urttca wrentissiéma, a Timor species, 
which is known to the natives by the significant appella- 
tion of “devil’s leaf,” has been known to produce effects 
so violent as to last twelve months, and has in some cases 
even caused death. J/alpighia urens bears on its leaves 
hairs 14 inch long, which are pressed flat along the surface. 
These act very similarly to those of Urtica. 

The Loasez, or Chili nettles, exhibit similar defences, 
their power of stinging being very severe. 

Other plants are protected also by hairs, which play 
rather a mechanical than a chemical part. Such are 
various species of Deutzia, particularly D. scabra, which 
bears on its leaves numerous star-shaped hairs whose 
walls are permeated with silica. 

Besides these defences, which are chiefly mechanical, 
though in the case of the nettle a secretion acting chemi- 
cally plays an important part in their behaviour, many 
plants are protected by chemical means alone. This is 
seen chiefly, though by no means exclusively, in the case 
of flowers and fruit. The plant secretes in different parts, 
or it may be throughout its system, a juice which may 
be poisonous, or acrid, or harmless in effect, but very un- 
pleasant to its assailant. Thus very many of the Sola- 
naceous plants have poisonous fruit, as 4 tropa Belladonna, 
and some species of Solanum. The whole plant is charged 
with juice of great pumgency in many of the Ranuncu- 
laceee, R. sce/eratus causing sores if allowed to come into 
contact with a delicate mucous membrane such as that of 
the mouth. Parts of the Aconite (4. Mafel/us) are in- 
tensely poisonous, while the seeds of S¢tychnos Nux- 
vomica yield the well-known drug strychnine. Others 
have a latex or juice which is intensely bitter and un- 
pleasant to the taste, as the different species of spurge 
(Euphorbia), the dandelion, the wild lettuce, different 
species of poppy, and many others. An acrid juice is to 
be met with in many Cruciferae, as the mustard and the 
radish. The aromatic Umbelliferze, also, are protected in 
this way from many of their enemies, the peculiar flavour 
which they possess being very unpalatable to many birds 
which are attracted by theirfruits. Other plants pour out 
resinous and other sticky secretions which serve the same 
purpose. Some others are protected by the possession of 
a very foetid odour, much resembling putrefying animal 
matter, though this has probably been developed to 
attract the carrion-loving flies which secure cross-fertilisa- 

| tion of the plants. Such are Arum Dracunculus and 
Stapelia, a genus of Asclepiadacez. . 
A very different kind of defence against intruders is 

foundin a Sumatran parasite, Hydriophytum formicarum. 
This plant, instead of developing special weapons of its 
own, attracts to itself a colony of ants whose sting is very 
severe. These resent very effectually the attacks of ani- 
mals inimical to the plant. It is described as parasitic on 
trees in the form of a large irregular tuber, fastening itself 
to them by fibrous roots, and throwing out several 
branches above. The tuber is generally inhabited by 
ants, and is hollowed out by them into numerous winding 
passages, which frequently extend a good way along the 
branches also, giving them the appearance of being fistular. 
A similar arrangement is found in Acacia spherocephala, 
but a more elaborate one, as the plant not only serves 
as a habitation for the ants, but develops certain organs 
to attract them to it. The stem and branches are fur- 
nished with very large thorns, which are set along them 
in pairs. The thorns are enormously swollen at their 
bases, which are hollow, and in these swellings the nests 
of the ants are found, the magnitude of the enlargement 
being no doubt caused by the irritation of the insects. 
At the base of each pair of thorns, about midway between 
the two, is found a large nectar-secreting gland, which is 
very active. The leaves of the plant are pinnate, and on 
the leaflets are numerous small pear-shaped glands, con- 
sisting of delicate masses of cells containing an oily 
secretion. Cecrofza is also protected in the same way ; 
its stem is hollow, and contains the nests of the ants. 
As in the case of the Acacia, glandular structures are 
present, which attract the ants and afford them food. 
Schomburgk describes a plant belonging to the order 
Polygonaceee (77iplaris Schomburghkiana), a native of 
Guiana, as having its trunk and branches hollow between 
the nodes, and serving as the habitation of venomous ants. 
He also mentions an orchis (Schomburghkia tibicinis), 
which, he says, has pseudo-bulbs arising from creeping 
root-stocks. ‘These have a small hole at their base, and 
ants and other insects construct their nests therein. 

Turning more especially to the reproductive organs of 
plants, we find them attractive to intruders, not only on 
account of their own palatability or succulence, but as 
providing two especial delicacies much sought after by 
the insect world—honey or nectar, and pollen. The object 
of the secretion of the former is to secure the due trans- 
ference of the latter from the stamen of one flower to the 
pistil of another, and this is effected in most cases by 
some particular insect. The invasion of others would 
hence lead to loss of honey or pollen, or both, with- 
out securing the end aimed at. It is natural, there- 
fore, to expect to find many contrivances to secure the 
secretion to the appropriate insect, and an almost infinite 
variety is found, some mechanical, others chemical, 
others partaking of the nature of both. The enemies 
most guarded against are those insects which we have 
seen in some other plants especially courted—ants. In 
assailing the plant they must usually ascend the stem 
from the ground, and many and various are the pitfalls 
-placed in their way. In the teasle, the leaves, arranged in 
pairs along the stem, have their bases attached to it and 
to one another, forming deep cups, which are filled with 
water, thus presenting an obstacle to their ascent. The 
leaves of the pine-apple are arranged to bring about the 
same result. Some plants are surrounded in their growth 
by water, as many of the Polygonacee. In P. amphibium, 
which grows sometimes in water, and sometimes on land, 
and has two characteristic forms accordingly, the land 
form has developed round the flower-stalks a number of 
sticky glands, while the water form has nothing of the 
sort. The two forms are protected from the ants, but by 
different means. Sz/ewe, the catchfly, and Cz7cea, the 
enchanter’s nightshade, also are examples of plants fur- 
nished with sticky glands. Lacfuca, the wild lettuce, emits 
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a milky juice on being assailed by them. Other plants, 
as some varieties of the willow, have very slippery flower- 
stalks, which the ants cannot passalong. The forms of the 
flower, too, lend themselves to protective purposes: thus 
Antirrhinum and Linaria have a close-shutting corolla, 
which they cannot enter; Codaa is furnished with free 
hairs growing on the corolla, which block the way to the 
nectar, and which are insurmountable by the insects 
Where such means are not found, in some cases a counter- 
attraction is provided to draw the unwelcome visitors to 
parts where their attentions will be harmless: thus 7z- 
patiens has honey-glands on the leaves which are said to 
stop the ants on their way to the flower. 

Other insects than ants are also to be guarded against. 
Many flowers are capable of fertilisation by more than 
one species of insect, but others are especially adapted 
only to one kind. In these the form of the flower, while 
affording facilities for the proper insect to receive its 
pollen upon the proper region of its body, also presents 
obstacles to others which would be useless. The peculiar 
construction of the corolla in such cases serves as a pro- 
tection to both nectar and pollen. This may be carried 
still further, access to the honey by other than the appro- 
priate channel being hindered by chemical means. An 
instance of this is seen in the Alpine varieties of the 
Aconite, which are adapted for fertilisation by bees. 
Instead of the insect inserting its proboscis into the 
flower from the front, so as to make it pass the stamens 
and pistil, one bee (Gombus mastrucatus) bites a hole in 
the back of the hood formed by the sepals, and abstracts 
the honey. The white variety of the flower is unpro- 
tected against the theft, but the other, blue in colour, has 
a nauseous, bitter taste, and so is let alone. 

Besides meeting the attacks of animals in these 
different ways, plants have to cope with other dangers, 
and require for these another system of defences, which 
are more associated with peculiarities of environment. 
They are assailed continually by varying conditions of 
climate and temperature, and have in many cases very 
curious modifications of structure and habit to correspond 
with these. A danger that threatens most plants, except 
in a few regions of the world, is that of having their 
pollen injured by rain. To meet this many varieties of 
form of corolla have been developed. Many have a long 
narrow tubular shape, the claws of the petals cohering 
together, while the free limbs can curve outwards in fine 
weather, but arch over the tube when wet. Others have 
a campanulate form, with the base of the bell upwards, so 
that rain falling on the flower cannot get near the stamens, 
but is shot off as by aroof. In others the stamens are 
covered over by development of another part of the flower, 
as inthe Iris; the filament of the stamen, too, may be 
broad, and bear the anther on its under surface, as in the 
Naiadacee. It is rather curious that flowers that produce 
large quantities of pollen have not such defences against 
this danger as those which form but little, while the most 
complete adaptations are found in the cases of plants that 
inhabit damp climates. 
Many flowers are defended by habit rather than struc- 

ture. In wet weather they do not open their corollas at 
all, and not a few, even in fine weather, keep open for a 
very little while, only a few hours in many cases. 

Besides rain, other meteorological conditions are fraught 
with danger. One of the most commonly occurring is 
frost ; and allied to this is the loss of heat by radiation 
during the night. The power of resistance to these con- 
ditions varies very much, but in many whose constitution 

. makes them peculiarly susceptible to damage thereby 
_ there has been developed the so-called power of sleep. 
_ The term is no doubt a misnomer, but it has been adopted 
_ and associated with certain well-defined movements which 

_ the leaves of the plants perform at the close and at the 
beginning of day. The movements differ very greatly 
‘with different plants, but they bring about such a position 

of the leaves as will protect the upper surface from radia- 
tion. Some of them are of a very complex nature, parti- 
cularly those shown by certain of the Leguminose, which 
have pinnate leaves. It is in this natural order that 
the property of sleep is most prevalent, certain of the 
Oxalidacez and their allies coming next to them. 
A similar mechanism protects very many plants from 

excess of sunlight, which is injurious to the chlorophyll. 
In bright sunshine the leaves assume a position which 
has been called “diurnal sleep.” In it they present their 
edges and not their faces to the light. In other leaves the 
chlorophyll corpuscles themselves move, taking up a posi- 
tion on the lateral walls of the cells rather than on the 
front ones, or so placing themselves that their profile and 
not their surface is exposed to the sun. In some of the 
Alge, as Mesocarpus and Vaucheria, this sensitiveness is 
seen. 

Other protective devices may be seen by studying the 
adaptations of plants to their conditions of life. ‘Thus the 
leaves of submerged plants are preserved from being 
broken by the currents of water by being minutely sub- 
divided, so that they adapt themselves easily to the 
motion, and do not oppose a resistance. Desert 
plants are protected from drought by the development of 
asucculent habit. Aérial parts of plants, again, are pro- 
tected in many cases from becoming moistened by water 
by a deposition in the cuticular layers of the epidermis of 
varying amounts of wax or resin. 

THE ORIGIN OF OUR POTATO 

HE year 1886, by its tercentenary associations, brings 
once before us the subject of the introduction of 

the potato into our islands, but brings it still with most 
of the connected questions unsolved. 

How, and when, and whence it was brought was con- 
sidered by Banks in 1808, and it was by him attention 
was drawn to a manuscript statement in 1693 by Dr. 
Southwold Smith, F.R.S., that his grandfather received it 
from Sir Walter Ralegh, and sent it to Ireland. 

It was considered by Sabine in 1822, when he con- 
cluded a paper before the Royal Horticultural Society 
with the remark, “The introduction of the potato z7¢o 
Virginia is still involved in obscurity.” 

It has been considered by De Candolle in his “ Géogr. 
Bot. Raisonée” in 1855, and more recently in his ‘‘ Origin 
of Cultivated Plants” in 1882. It has also been considered 
by others. While of the old unanswered questions some 
are now regarded as of mere antiquarian interest, there 
are others to which greater importance is attached than 
there ever has been before. 
Among the latter a fresh interest has been given by 

Mr. Baker’s paper before the Linnean Society in January, 
1884, to the old question, was it S. ¢uberosum that was 
introduced from Virginia? The suggestion he, in con- 
junction with Earl Cathcart, has thrown out, that to 
strengthen our cultivated potato against disease we should 
cross with some other species of tuber-bearing Solanum, 
makes it important we should clearly know what is the 
species we have been for 300 years cultivating. There 
are many other questions surrounding the consideration, 
some of which border on that fundamental question, 
What constitutes a species? 

That simple but highly practical method of approach- 
ing the question, “ What is our species?” the method of 
introducing supposed distinct wild species, and watching 
their changes from year to year in cultivation, has not 
yet been followed sufficiently long, nor with a sufficient 
number of such species to effect much more than esta- 
blish well-founded hopes that by it there is much we may 
learn. At present the twenty(?) years’ cultivation of 
S. maglia is the only experiment on which we can rely. 
What conclusions such experiments may eventually lead 

s to it is impossible to predict, but this is certain, that 
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proceeding by such a method on fact, and untrammelled 
by tradition, the results will be sure. Hitherto we have 
relied over much upon traditions and mis-called history. 
It has been assumed that our species is a Virginian 
species, and beyond that the question, till recently, has 
not been pushed. 

It would be a fitting observance of the third centenary 
of the date that may be most reasonably fixed for the 
introduction from Virginia, if we could celebrate it, not by 
speeches and after-dinner toasts to the memory of Drake 
or of Ralegh, but by clearly laying down our lines of 
inquiry, for they have been very ill-defined. 

It may be one useful part of the work to reconsider 
the traditions and inferred history of our potato—for 
there is no doubt that botanists, if not perhaps actually 
led astray, have at least been hampered and puzzled by 
them, 

One of the commonest traditions repeated over and 
over again in histories, dictionaries, works of gardening 
and agriculture, is that Sir Walter Ralegh brought the 
potato from Virginia. The great error in this is that 
Ralegh never was in or near Virginia. 

His patent for founding an English colony in the New 
World was granted March 25, 1555, and he parted with it 
on March 7, 1589. We have records of the various ex- 
peditions sent out at his cost to endeavour to establish 
and maintain a colony, with the dates of sailing and re- 
turning, the names of the captains, and other details. 
Ralegh’s life all through the period is known, and his 
time is so fully accounted for that he could not have 
gone out even 7zcogvito. The traditions, therefore, that 
he brought both the potato and tobacco from Virginia, 
may be forever laid at rest. Whether some of his return- 
ing colonists, or one of the returning ships that had been 
sent out with supplies, brought it, is another question. 
There is not even tradition to that effect, far less any | 
statement in the contemporary history of any of the 
expeditions. 

Gerard, however, in his “‘ Herbal,” 1597, at p.781, describ- 
ing the “ Potatoes of Virginia,” says :—“ 1 have received 
rootes hereof from Virginia, otherwise called Novembeya, 
which grow and prosper in my garden, as in their owne 
native countrie.” The value of Gerard’s picture and 
letterpress will be presently discussed, but the point here 
to notice is that he makes the statement that he did re- 
ceive “ rootes” (by which, of course, he means tubers) 
from Virginia. One of the names he mentions for the 
potato is “papus.” The name “ papus” also occurs in 
the first catalogue of plants growing in his garden in 
1596, so that the “ rootes” he had he received not later 
than early in that year. 
important, as there is no record of any expedition to 
Virgizia after 1590 till 1606. The land named Virginia 
was first visited in 1584. 
limited to some time between 1584 and 1590. At a period 
when the study of plants was confined almost wholly to 
apothecaries, and when sea-captains thought more of 
fighting a Spanish or Portuguese ship than of observing 
the natural products of a newly-discovered land, it was 
not expected that the account of a voyage should refer to 
roots brought home. The sea-lion that roared its presage 
of Sir Humphry Gilbert’s death is of course carefully 
described as a marvel, but a root is too ordinary a thing 
for notice. Can we by any consistent inferences account 
for the introduction between 1584 and 1590? 

That learned mathematician, Thomas Heriot, who 
went out in the expedition of 1585 and returned in 1586, 
wrote a report on the “ commodities” of the then known 
area of Virginia. The Island of Roanoak contained the 
head-quarters, and we know from Lane’s report that ex- 
ploring expeditions had been sent to the south for 80 
miles, to the north for 130 miles, and also to the north-west 
for 130 miles. But that was all that was known of Vir- 
ginia till the time of James I. The second part of 

The exact date is perhaps un- | 

The introduction is therefore | 

Heriot’s report is “of such commodities as Virginia is 
knowen to yeeld for victuall and sustenance of man’s life 
usually fed upon by the naturall inhabitants as well also as 
by us during the time of our abode ; and first such as are 
sowed and husbanded.” Under the sub-heading “ of 
roots ” he says :—‘‘ Openauk are a kinde of root of round 
forme, some of the bignesse of walnuts, some farre bigger, 
which are found in szozs¢ and marshy grounds growing 
many together one by another in ropes as though fastened 
with a string. Being boiled or sodden, they are very 
good meat.” In the third edition is added, “‘ Monardes 
calleth these roots beads or paternostri of St. Helena” 
(“ Monardes,” parte 2, lib. 1, cap. 4). This report is 
dated February, 1587, seven months after his return to 
England. How far it was written from memory we have 
no means of knowing. But this should be noticed—that 
Lane says that when, after much discussion, the colonists 
decided on returning to England, their departure was so 
hurried that there were “eft or thrown over, cards, books, 
and writings.” Heriot nowhere speaks of writing or 
making notes on the spot. 

It has been generally supposed that the root here 
described under the name “openauk” is the potato. 
It should not escape notice, however, that Gerard does 
not in any way allude to the name “ openauk,” and it 
is nowhere said that openauk was brought to England. 
The only mentioned habitat, “moist and marshy 
grounds,” seems strange, but the usual answer (in con- 
versation at least) to the objection is, if the openauk is 
not the potato, what is it? and Gerard’s statement 
that he received potatoes from Virginia is taken to 
strengthen the supposition. The suggestion, however, 
has been made that it was the Jerusalem artichoke. All 
that can be said is, there stands Heriot’s description, 
and there stands Gerard’s statement. To link the two 
together may be a fair assumption, but it remains a mere 
assumption. The omission by Gerard of any reference 
to the name “openauk” is against the supposition he 
received roots from Heriot personally. Gerard’s use of 
the word “ papus” calls for notice, but there is one point 
that should be referred to before quitting the openauk. 

Heriot, who is said to have been Ralegh’s mathe- 
matical tutor, describes himself in his report as 
“servant to Sir Walter Ralegh, a member of the colony, 
and then employed in discovery a full twelvemonths.” 
If he brought potatoes with him, it would be by courtesy 
said Sir W. Ralegh intreduced them. All the expe- 
ditions were his. But there is another tradition that Sir 
Francis Drake brought them. Different writers give 
different dates for this, which are evidently wrong. He 
could not have brought them in 1580 from the west coast 
of South America, because he arrived in November, 
after coming round by India and the Cape, and they 
would have sprouted on the voyage. That was 
the return from his famous circumnavigation. It 
could not have been 1585, because he left England, 
after four years ashore, in that year, and did not return 
till July 1586. If Heriot had anything to do with the 
introduction of the openauk, it is almost certain Drake 
brought it in 1586, for the circumstances of his return 
then were these. His knighthood, conferred upon him 
after months of deliberation for his great voyage round 
the world, firmly established his position, and he was 
intrusted with the command of a fleet to the Gulf of 
Mexico to harass the Spaniards. His instructions were 
to visit Ralegh’s colony at Virginia on his way home. 
He called there on June 8, 1586, and found the colonists 
much distressed that the ship from England that it had 
been promised should be sent with supplies in the spring 
had not arrived. He stayed there many days, granted 
their request for a ship to be left with them, but, as many 
unexpected troubles arose, which are described by Lane, 

t Asa Gray and Trumbuli, Asner. Fourn. Sci. and Art, xiii., May, 1877, 
P. 35. 
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they asked to be taken home, and this was done. 
Although at the last their departure was so hurried that 
writings, &c., were not embarked, it does not follow that 
there had not been opportunity during previous days to 
embark roots among other provisions. As openauk was 
among the products “ husbanded,” Heriot may have had 
a supply of unplanted roots ready to send home. If this 
were so, then two traditions would be reconciled. It 
would be Drake’s ships, but Ralegh’s colonists, that 
brought the potato, assuming the openauk to be the 
potato. This, however, is mere assumption. For the 
fact that Drake brought home the people there is 
abundant evidence, but respecting the roots there is 
not a word. If we wish, however, to account at 
all for Gerard’s receiving potatoes from Virginia, this 
seems the only likely way in which he could have received 
them. The overdue relief ship that arrived a few days 
subsequent to the departure of the colony, and returned 
after a brief search, may possibly have brought them. 
All the other expeditions were later in the season than 
even Drake’s return, while of the 349 colonists who went 
out in 1587 nothing was ever known after they were 
landed, though a relief expedition made search for them. 
Gerard distinctly says it was the “rootes” he received, 
and these could not, like seeds, be available at any time 
of the year. 

It is commonly supposed that the introduction of the 
potato from Virginia is a duly authenticated historic fact. 
What forgotten manuscript records or letters there may 
be it is impossible to say, but at present our sole authority 
that it was brought thence is Gerard, while the linking 
of two traditions as here suggested is only assumption. 

It has been already mentioned that while Gerard does 
not use the word openauk, he does give the name papus. 
Papus is not mentioned by Heriot as a word in use in 
Virginia ; how then did Gerard come to use tt? 

From the travels of Pedro Cieza de Leon [1532-1550] 
we know that papas was the general name in Peru for an 
edible root in his time. The root was cultivated, and it 
was eaten boiled, or else dried in the sun and preserved, 
when it was called chuna. Acosta, whose travels in the 
same regions were later [1570-1587], gives almost identi- 
cally the same information, as also does the native-born 
Garcilasso. They none of them, however, give any 
description of papas by which it is possible to identify 
the plant known by that name. 
The two oldest known Continental botanists that give 

the name papas 77 conjunction with a description of the 
plant, are Clusius and Bauhin. In addition to descrip- 
tions, both give figures. 

In his ®uromiva€ (1596) Bauhin describes a plant to 
which he gives the name Solanum tuberosum, but without 
any figure [Lib. v. Sec. 1, No. xix.]. In his “ Matthiolus” 
(1598) he refers to it with a figure. Here he adds, “Vulgo 
Pappar Hispanorum vel Indorum dicitur.” Clusius, in 
his “ Rariorum Plant. Hist.” (1601), describes a plant 
clearly the same, with a figure, under the name Pafas 
peruvanorum, He says there is no doubt this was the 
plant Cieza de Leon refers to. The expression, “there is 
no doubt,” is, however, somewhat removed from certainty. 
In 1620, Bauhin again, in his HUpodpopos, in describing 
Solanum tuberosum, to which he here adds “esculentum,” | 
refers to Cieza ; and again, in 1623, in his Iivaé, mentions 
that this is the plant from which Acosta says chuna is 
made. Both Bauhin and Clusius give their descriptions 
as from growing plants. 

It might be readily surmised that with such continuous 
traffic as there was between Spain and the domains she 
had conquered in South America, the roots so highly 
prized by the Indians should be carried home. To 
strengthen this surmise there is the tradition that gives 
the name of the first to introduce them, a “doctor” named 
Hieronymus Cardan. What is the history of the intro- 
duction into Spain is beside the present question. It is | 
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| not improbable that with the sustained and frequent inter- 
communication between Spain and America it was re- 
peatedly introduced. The case is by no means parallel 
to the question of the introduction into England from 
Virginia, in Gerard’s time, when out of the six expeditions 
sent out only one made any explorations inland. The 
opportunities of introduction from Virginia were few. 
From South America to Spain they were numerous. It 
seems sufficiently established, both by Bauhin and 
Clusius, that a plant called papas was introduced and 
grown in botanical gardens, if not as a food ; and that it 
came to be known as the papas of the Peruvians, of the 
Indians, and of the Spaniards, for Peruvanorum, Indorum, 
and Hispanorum seem indiscriminately used. That 
Clusius suggested its identity with the Arachnida of 
Theophrastus and other Greek writers is now of little 
interest. Bauhin was the first to recognise the plant as 
a Solanum, and his ¢¢derosum occurs as No. XIX. in his 
list of Solanums, im his buromiva€. 

Though Cieza, Acosta, and Garcilasso drew what 
appears to have been a consistent distinction between 
papas (potato) and battatas (sweet potato), that distinc- 
tion was not always maintained by later European 
writers. In a way it seems hopeless to endeavour to 
trace, the Portuguese and Spaniards now use different 
words for the potato: the former call it batata, and the 
latter papa. The confusion is more bewildering when 
the two names were used as synonyms. In botanical 
nomenclature we have lost papas, but retained battatas. 
The identity or not of Battatas edulis with the battata of 
the three Spanish travellers is wide of the present con- 
sideration. So also would be the question why the 
Quichan word ascw was not used by them. This, how- 
ever, appears a safe rule—that when papas is mentioned 
by sixteenth-century writers it may be read as =Solanum 
(but not necessarily ¢wberosu7) ; when battatas is men- 
tioned it is requisite to see whether it is wrongly used as 
a synonym or intentionally used for a distinct plant. To 
the present day chufia is made in Peru from “ papas,” but 
apparently not from “ battata.” 

Assuming the rule is a safe one that papas cannot be 
taken to mean battatas, but battatas may and often does 
mean papas, then such chronological data as the follow- 
ing are of interest as some indication of the spread of the 
plant among botanists in Europe. There may be others, 
but these are all the writer has been able to collect. 

Dr. Scholtz had papas growing in his garden at Breslau 
(Vratislavia), 1587; Clusius received two tubers at 
Vienna from Hannonia, 1588; Bauhin, in his Ipédpopos, 
mentions “iconem suis coloribus delineatam,” 1590 ; 
Dr. Scholtz’s “Papas hispanorum” is mentioned in a 
“Carmen” (pub. at Vratislavia), 1592; Bauhin refers to 
a “ Pappar hispanorum’’ growing in his garden, of which 
he gives a description, 1596. 

It was in this year (1596) that Gerard published the 
catalogue of plants growing in his garden in Holborn. 
There occur in it the two names Papus orbiculatus and 
Papus hispanorum. Yn this 1596 catalogue these names, 
as all the rest, occur without any English equivalent or 
any description or note. The catalogue is simply a list 
of names. The word batata does not occur, but Sisarum 
does. Another catalogue, commonly called a second 
edition, was published in 1599. The “Herbal” had 
been published in the meantime (1597). In this 1599 
catalogue English names are added to the Latin. These 
occur: Papus orbiculatus, bastard potatoes ; Papus his- 
panorum, Spanish potatoes. Batata does not occur. 
Sisarum does, but without any adjective (we cannot 
call these second names “specific,” while the first 
were in no sense of the word “generic”), and the 
English name with this is skyrrits. 

Although it would be a natural supposition that with 
the aid of the figures and descriptions in the ‘‘ Herbal” it 
would be easy to identify the plants named in the cata- 
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logues, it is, on the contrary, a most perplexing puzzle. 
There are names introduced into the “ Herbal” which do 
not occur in the catalogues, and names in the catalogues 
which do not occur in the “ Herbal.” That the “Herbal” of 
1597 should not exactly agree with the catalogue of 1596, 
hardly excites surprise, but that the catalogue of 1599 
should so differ from the ‘“ Herbal” is more than sur- 
prising, it is perplexing. Ifthe explanation given by Mr. 
Daydon Jackson in his annotations to the catalogues is 
correct, then the Pupus hispanorum of Gerard’s garden 
was not the Papus hispanorum of Clusius and Bauhin ; 
but this requires very close attention. It involves not 
only the question whether the Papus hispanorum of 
Dr. Scholtz was Solanum or Batatas, but also whether 
Bauhin is to be trusted as a cautious incorporator of 
statements, However highly Bauhin is to be esteemed 
as a botanist, he may have had a Pliny-like weakness for 
accepting anything he was told. 

Mr. Daydon Jackson’s explanation is this :— 

“Herbal” of 1597 Catalogue of 1599 

virginiana and papfus—\ _ \ Papus orbiculatus— 
Bastard potatoes. 

Battata 
Potatoes of Virginia (p. 781) 

Sisarum peruvianorum, sive Batata | Papushispanorum— 
hispanorum—Potatus or Potatoes » = chee i 
(p. 780) ... ; \ | Spanish potatoes. 

Sisarum (p. 871) A AUN, PRN 5 Sete Stsarum—Skyrrits. 

Supposing this to be the correct explanation, what are 
we to think of Gerard allowing his second catalogue to 
appear so like his first and so unlike his “ Herbal ”? 
point is clear—he uses Papus, Batata, and Sisarum with 
such want of discrimination that no importance can be 
attached to his names. But it is strange he should, in 
both his catalogues, use Papus ‘twice and Batata not at 
all, while in his “ Herbal” he has both Batata virginiana 
and Batata hispanorum. According to accounts that have 
been handed down to us, the “‘ Herbal” was based on Dr. 
Priest’s translation of the Pemptades of Dodoneus, and 
the plates, with the exception of sixteen, were those that 
had been used to illustrate works by Jacobus Theodorus 
(‘“Tabernemontanus”) and L’Obel. [It is said that 
Gerard so little understood his work that he put cuts in 
the wrong places, and made so many mistakes that 
Norton, the publisher and proprietor of the work, en- 
gaged L’Obel, who was then living in England, to correct 
the errors. Gerard resented this, and a quarrel with 
L’Obel followed. To what extent L’Obel’s corrections 
went we have no record. He would at any rate, we may 
assume, prevent wrong names and cuts being printed 
with the letterpress. In the particular case of the three 
names under consideration, he was already well acquainted 
with the Sisarum or Batata (p. 780), as he had described 
it in his “ Stirpium adversaria nova,” written in conjunc- 
tion with Pena, and published in London in 1570. He 
there gives the name Battades, Ignames — Anglicé, 
Potades. The cut in illustration used in the “ Herbal” 
is that on p. 482 of Tabernzemontanus, where the 
name used is Sisarum. So that we can account for the 
names used in the “ Herbal” thus :—Sisarum because it 
occurs in Tabernzemontanus ; Peruvanorum is perhaps 
not to be accounted for. Batata because L’Obel had 
used it, and Hispanorum because it was first made known 
to Europe by the Spaniards, who brought it (most prob- 
ably) originally from the West Indian Islands. Potatus, 
or potatoes, because that was the Anglicised form of 
Batata. Itis possible that Gerard may have wished to 
introduce the word Papus, and that L’Obel cut it out. 

With regard to the “potatoes of Virginia,” Gerard 
would perhaps have his own way. He thought so much 
of his having grown some received from Virginia, that in 
his portrait he has a branch of them in his hand. With 
regard to the cut used in illustration, we know at present 
nothing. It isnot taken from any other source, and it 
does not occur anywhere but in this 1597 edition. Inthe 

One | 

1633 edition by Johnson the cut from Clusius is used» 
while Parkinson, in 1640, uses the cut copied from Bauhin- 
lt is one of the sixteen new cuts, but where it was made we 
do not know, still less do we know whether it was made 
from a plant growing in his garden. 

This last consideration, where the plant grew which is 
here figured, is closely connected with the question, How 
did he come by the name papus? In the text Gerard 
says, under “The Place” :—“ It groweth naturally in 
America, where it was first discovered, as reporteth C. 
Clusius, since which time I have received rootes hereof 
from Virginia.” And then, under “The Names,” he 
says:—“ The Indians do call this root papus (meaning 
the rootes), by which name also the common potatoes are 
called in those Indian countries.” 

Although there is no known publication of Clusius so 
early as this from which Gerard could be quoting, yet, as 
he had been thrice in England, there is the probability 
that Gerard and he were acquainted. It is easy to see then 
that he might easily have had, indeed most likely would 
have, the South American name papus direct from Clusius. 

But did he have anything else from him—a figure, a full 
description, a dried specimen, or even a tuber? Clusius 
had two as early as 1538, eight years before Gerard’s first 
catalogue. 
We have seen— 
(a) That Cieza, Acosta, and Garcilasso speak of papas 

as a common name in the north-west portions of South 
America. 

(8) That Clusius and Bauhin speak of the “ papas of 
the Spaniards” growing in Europe (which Bauhin recog- 
nised to be a Solanum) as the same plant the three 
mention. 

(y) That it was known in several botanic gardens in 
Europe before the time of Gerard’s first catalogue. 

(6) That Gerard in some way received information 
from or through Clusius that the plant was first discovered 
in America. America here evidently means South 
America. 

With Clusius’s information we can hardly doubt Gerard 
would also get the name papus. There is no trace of 
papus being a name used in North America. Fernandez 
de Soto, who travelled in Florida [Evora, 1557], mentions 

| Batata, but not papas Benzoni, 1572. 
It has been a puzzle to some botanists that papas 

should have such a wide geographical distribution as 
from Virginia to South America. The puzzle has partly 
arisen on the assumption that papus was a Virginian 
name. As there is not a fragment of evidence it ever was, 
and as we have seen a way in which Gerard might have 
had it, that part of the puzzle may perhaps be regarded 
as entirely withdrawn. There are a sufficient number 
left in connection with the potato to tax ingenuity. 

Can we as easily dispose of the cut in the “ Herbal”? ~ 
Are we on the strength of that cut to continue to believe 
that S. ¢wberosum was wild within the area known as 
Virginia? For, though we get rid of the name papas 
we do not get rid of the wide distribution of ¢uéerosum if 
the plant itself grew wild in Peru and in Virginia? 
Possibly experts in wood-cutting or collectors of old cuts 
may be able to say whether the cut is English or Dutch. 
Sequier says the cuts are brass [“ Bibl. Bot.,” 1740, 
pp. 72, 73]. Haller says: “In ‘Bib. Bodl.’ icones 
dicuntur znez esse; sed ligneee sunt undique” [1771, 
tome i. p. 389]. Such a point as this could probably be 
cleared up definitely. 

It seems anomalous that we should base our belief 
that S. éwberosum is a native of Virginia, on a single cut 
about which we know nothing more than this: that it 
appears in conjunction with the name potatoes of Vir- 
ginia ; that it was placed there by the direction of a man 
against whom the charge of deliberate misstatement in his 
so-called scientific work has never been cleared up; that 
for some reason it does not appear in the second edition 
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of the work. If it is charitably supposed that in this case 
Gerard did not intentionally mislead, still, if his reputation 
for being a muddler of other people’s work is as well 
founded as it appears to be, he may have made some 
blunder. It is by no means a far-fetched assumption that 
his figure was from a Continental source, but that he thought 
it near enough to represent his Virginian “ rootes.” Apart 
from all other considerations it is difficult in at least one 
particular to reconcile the figure and the text. He speaks 
of “the temperature and vertues” of the potatoes, and 
says they are the same as of the common potatoes (¢.e. 
his Sisarum), Unless this is a pure invention, many 
must have been eaten for this conclusion to have been 
arrived at. The size of the tubers is not greater than of 
fair-sized peas, and it would take the produce of half a 
hundred plants to furnish a single dish. 

It is perhaps worth consideration whether an explana- 
tion of the catalogues different from that given by Mr. 
Daydon Jackson is possible. Is there any insuperable 
objection to their being read thus ?—Papus hispanorum 
(the P./. of Clusius, &c.), received from the Continent. 
Papus orbiculatus (for orbiculatus is a name of his own) 
received from Virginia. Sisarum—the “Skyrrits of 
Peru” (p. 780 “ Herbal”), and that the common skyrrits | 
were not mentioned in the catalogue. When he men- 
tions papus in his “Herbal” he does not add either 
hispanorum or orbiculatus, and it might be he included 
both under papus there. 

The important point however is whether that cut truly 
represents what he received from Virginia. 

In close connection with this it cannot be overlooked 
that Bauhin gives openauk as a synonym. 
“Ex insula Verginea primum allata in Angliam, inde in 
Galliam aliasque regiones.’ He had probably seen De 
Bry’s edition of Heriot, and so obtained the name 
openauk. But his authority for the remainder of the 
sentence is not clear. Moreover it does not harmonise 
with his reference to Peru. 

The question of the introduction of the potato is a very 
complex one, involving many other considerations besides 
those here referred to. The foregoing notes may, however, 
clear up the traditions about Ralegh and Drake, remove 
the difficulty about Gerard’s use of the word papus, and 
perhaps lead to something more certain being known 
about that cut of Gerard’s on which so much hangs. 

The origin and change in the use of the word potato 
are subjects which, for their satisfactory elucidation, 
involve considerations that fall within the provinces of 
the philologist, the traveller, the bibliographer, the his- 
torian, the botanist, and, using the word in its wide sense, 
the geographer. 

Potato is but the English way of pronouncing Batata. 
But what is the word Batata? To what language does it 

belong? The first European knowledge of it appears to 
be traceable to Cuba, San Domingo, or some of the 
neighbouring isles at the time they were discovered by 
Columbus, 1492, &c. But then the sixteenth century 
writers on Peru also use it as if it were a common word 
there, and, if it were, it is at least interesting, if not 
strange, to find a word thus widely spread over and 
across districts where, it has been said, languages so 
vary with tribes that one cannot even understand another, 
though neighbouring, tribe. But first we have to con- 
sider is there any contemporary evidence that the West 
Indian natives did make use of a word which, when 
written by the Spaniards, appeared as datata? It would 
involve a special search among such materials as 
Navarette had at his disposal to decide that. Compilations 
are not to be trusted, and English versions are of no 
avail. What the actual word was, written by Columbus 
or his companions, is what is wanted. Then, if it were a 
true West Indian word, and introduced and known with 
some plant in Spain and Portugal in the early part of the 
sixteenth century, what is the probability that, at the 

He also says, | 

middle of it, writers on Peru used it as aname that would 
be understood at home, even though not used by the 
South American natives. With regard to papas, it is dis- 
tinctly stated by Acosta it was a native name in South 
America, but the writer does not know of any passage in 
which batata is said to be. It has been pointed out 
above how the mistake arose that papas has been con- 
sidered a Virginian name, and it is possible batata may 
prove to be nota South American name at all. ‘There is 
a Quichau word, Ascu, equivalent, apparently, to Papas, 
to which only Mr. Clements Markham among English 
writers seems to have drawn attention. At present, in 
English translations of travels in Peru, papas and batata 
appear often confounded. 

Then in regard to our own use of the word batata, did 
we have it with roots through the Spaniards, or direct 
from the West Indies? The earliest use of the word does 
not yet seem to have been fully searched for. It may, 
however, be found earlier than in the list of literary quo- 
tations usually given. For example, it occurs in the 
account of Sir J. Hawkins’s voyage, 1565: “ Hennes, 
potatoes, and pines.” The earliest description the writer 
has been able to trace of what the potato was is i the 
botanical work of 1570, published in London, Lobel’s 
“ Stirpium adversaria nova.” A figure is given of the root 
of the Batata, and at the heading is “‘Anglice Potades.” 

But we might have had the word half a century before 
that through Spain, and the fact that Lobel introduces 
such a curiously-spelled form as the usual English one 
would imply it had been for some time in use among the 
common people. The mention of potatoesin the Hawkins 
voyage without any reference to what they were like would 
also imply that they were then as familiarly known as 
pines or hens. 

The change of sounds from Batatas to Potades is 
curious. Why should the flat labial be changed to the 
sharp, and the sharp linguo-dental be ‘changed to the flat, 
in the same word? Again—the question is not so un- 
dignified as may at first appear—when was the form 
“taters” introduced? It has no doubt been a gradual 
change, but as a fact country people of the Victorian era 
no more think of using the form potatoes than those of 
the Elizabethan era did of using batata. In 1596 the 
form potaton is met with. In 1627 and 1676 potadoes, 
and in 1655 pottato. Batata itself, by the Spaniards, 
seems to have been spelled indifferently batata or battata. 

Then there is another curious point. How has it come 
to pass that for the same plant the Spaniards of to-day 
retain papas, while the Portuguese use batata, for the plant 
we zow call the potato. 

In speaking of questions in connection with our having 
changed the use of the word potato from one plant to 
another it is an advantage for preventing confusion to 
refer to the two plants by their present botanical names, 
the Batatas edulis, which belongs to the convolvulus 
“order,” and the Solanum tuberosum (perhaps including 
the supposed different species, J/ag/ia), our common 
potato, which belongs to the nightshade “ order.” Of the 
two it was Batatus edulis, called then, long before Lin- 
neus’s binomial system, simply Battata, that seems to 
have been first known in Europe. 

The first European knowledge of the plant Solanum 
tuberosum (or Maglia) was under the name papas, by 
which it was known till Caspar Bauhin recognised that it 
was a Solanum in 1596. The date 1596, if not exactly 
that of his knowledge, is the date of his first publishing 
it in his “ buromwa€.” 

Then as to dates of introduction. 
As already said, the first European knowledge of Bat- 

tata was in 1494 or 1495, that is, assuming that it was 
among the valuable products of the West Indies Colum- 
bus sent home to his patron sovereigns to demonstrate 
the value of his discoveries. It is mentioned he sent 
home vegetable products as well as gold. He sent spices, 
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dye-woods, fruits, and herbs, or intended to. In the his- 
tory “ Primer viage de Colon” (Navarette, cap. 1) is the 
passage,! “And besides there are trees of a thousand 
species, each having its particular fruit and all of mar- 
vellous flavour, so that I am in the greatest trouble in the 
world not to know them, for I am very certain they are 
each of great value. I shall bring some home as sfec- 
mens, and also some of the herbs.” Taking Washington 
Irving’s inspection of Navarette’s materials as reliable, 
Columbus knew the potato—the battata. 

‘Then it is also probable, for here we have to deal with 
probability only, that the Solanum [under the name 
papas] was known in Spain soon after the conquest by 
Pizzaro [1527], when Cieza de Leon wrote [1532-50]. 

Both of these are at present but assumptions in respect 
to dates. The exact dates may perhaps be known in 
Spain. Possibly some people in England may know what 
is known, but the writer has been unable to trace any- 
thing more through the published second-hand statements. 

We in England somehow knew the battata, pronounced 
and spelled potade or potate or potato, before the time of 
Hawkins’s voyage, and before Shakespeare wrote his 
“ Merry Wives of Windsor,” where he uses the word. 
That Shakespeare’s potato was the batata is clear from 
Gerard’s reference to the confectioners using the battata 
as a basis for their sugar work (p. 781 of his ‘‘ Herbal ”). 

It was Gerard who called the papus (papus, as he 
chose to spell it, instead of papas) the Virginian potato, 
or bastard potato. 

There in his work we have the word “batata,” or 
patata, or potato, transferred to the papas, to Bauhin’s 
Solanum tuberosum esculentum. Though Gerard does 
not use the word Solanum, his figure and description are 
sufficient identification. Somehow, though it does not 
seem possible to trace how, the word “ potato” or “taters” 
has, as an English word, stuck to the So/anum. The 
“battata” has now dropped out of cultivation as an 
English root, and this no doubt has been the main cause 
of the transference of the word “ battata” from the original 
battata to the “bastard” potato of Gerard—the Solanum. 

The establishment of batata as a botanical name, its 
recognised description, and its admission into generic 
nomenclature have a curious history, but that is some- 
what wide of the points more immediately under con- 
sideration. 

The whole question is by no means yet worked out, 
but the above suggestions may draw attention to the 
subject. W. S. M. 

THE COLONIAL AND INDIAN EXHIBITION 

HIS Exhibition was opened on Tuesday by Her 
Majesty in state. Science in one form or 

another will be prominent in nearly all of the sec- 
tions. The Exhibition as a whole will be a geogra- 
phical education in its widest sense. Not many can 
follow the example of Mr. Froude and Baron Hubner, 
and spend the best part of a yearin visiting our scattered 
Empire. At South Kensington, in the course of a few 
days, however, we may learn even more of the products 
and people and geographical aspects of our colonies than 
we might do by an expensive voyage. Of course the 
main purpose of the Exhibition is to draw attention to 
the economical and commercial aspects of the colonies 
and India ; but in doing so, necessarily the introduction 
of a considerable amount of science is involved. In nearly 
all the sections, for example, we find excellent large maps 
of the various colonies on the walls, besides the gigantic 
map of the world in hemispheres beside the gateway of 
Old London. Again, several of the colonies have sent 
specimens of their natives, and from India especially 
there is a considerable number of individuals of all ages 
representing the various races which form the heteroge- 

Quoted second-hand through W. Irving’s “‘ Life of Columbus.” 

neous population of that vast territory. So, from South 
Africa, we find Kaffirs, Hottentots, Zulus, and Bechuanas ; 
Singhalese from Ceylon, and Malays from the Straits 
Settlements. In several of the sections, also, notably in 
India, do we find life-size models of natives ; some of 
the finest of them are in the British Guiana Court, 
prepared by Mr. Im Thurn. Several of the colonies, 
again, have had large reliefs either of the whole or part 
of their territory prepared. Among the exhibits of the 
Indian Survey is a relief-map of the Peninsula from the 
Tibetan table-land to Cape Comorin, on the scale of 
thirty-four miles to an inch. One of the finest of these 
models is that of New Zealand by Dr. Julius von Haast, 
under whose care this Court is markedly scientific. He 
has brought over with him the skeletons of three large 
moas ; mumerous specimens of flora, fauna, and geology, 
and the exquisitely beautiful skeleton of a ribbon-fish 
prepared after the method of Prof. Parker of Dunedin. 
Maori ethnology is also amply illustrated, though we 
believe no actual live specimen has been imported. One 
of the finest conservatories of native plants in the Exhibi- 
tion will be that attached to the New Zealand Court. 
But such conservatories will be a marked characteristic 
of this Exhibition, and will be found attached to the 
Courts of the Cape of Good Hope, Queensland, Natal, 
and other colonies. India, of course, has much to show 
of interest to science, besides its numerous groups of 
life-size models of natives taken from actual casts. 
Under the care of Dr. Watt the botany is very fully 
illustrated. The Geological Survey has sent a fine 
exhibit; while the Topographical Survey will have a 
Court to itself. In all the Australian colonies geology is a 
prominent feature, at least in its economic aspects, and 
so we may say of botany, at least so far as timber-trees are 
concerned. In the Australian and several other colonies, 
moreover, large collections of natural history have been 
arranged in cases, while of course the numerous game- 
trophies will interest the naturalist. The trophy of 
trophies, however, will be the great jungle scene 
prepared by Mr. Rowland Ward, into which it has 
been attempted to compress the whole of the fauna 
of India. It is a triumph of arrangement; and we 
may refer to it in detail in a future article. An al- 
most equally striking scene is the landscape in the 
South Australian Court, representing an actual piece of 
country near Lake Alexandrina. Of course, as in the 
jungle scene, we have wz2/tumm-in-parvo,—features which 
in reality are spread over a wide area compressed into a 
few square yards. But everything is on the scale of 
nature, and nothing introduced that is not actually met 
with. We have natives at various occupations, including 
a woman and child under a rude shelter of branches ; 
kangaroos, wallabies, eagles, and other animals deftly 
posed ; characteristic vegetation and rocks, with moun- 
tains away in the background. The model of Hong Kong 
and the neighbouring coast may also be mentioned. 
The West Indian Court contains much of interest. The 
woods of Honduras are conspicuous ; many curious land 
and water products from Trinidad ; and a fine collection 
of Columbian pictures and relics, and several fine paint- 
ings and photographs of West Indian scenery. Indeed, 
in all the sections, pictures, and especially photographs, 
are among the most conspicuous exhibits, and have much 
geographical value. 

Of course this Exhibition is one of many-sided interest, 
and we have mentioned here only a few of the points that 
will attract those interested in science. Its educa- 
tional value is evident, and we hope that teachers will 
take advantage of so exceptional an opportunity of giving 
their pupils a practical lesson in physical geography and 
its economical and “ political” developments. Most of 
the colonies will publish special hand-books, and in 
several of them we are glad to know that science will hold 

| a prominent place. 
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WE refer elsewhere to the opening of the Colonial and 
Indian Exhibition on Tuesday. It argues ill for the spirit in 

which this Show is to be conducted that the representatives of 
British science, on which the progress of England beyond the 
seas has so largely depended in the past and must depend in the 
future, were so conspicuous by their abserze at the opening 
ceremony. Not even the President of the Royal Society was 

invited to be present, though tickets were liberally distributed 

to a large number whose prior claims we do not care to discuss. 

SCIENCE was well represented by the President of the Royal 

Society at the Royal Academy dinner on Saturday. Prof. 
Stokes showed how in several ways science is capable of render- 
ing service to art. The rules of perspective, he pointed out, 
involved clear geometrical conceptions ; while a knowledge of 
chemistry and physics would keep the artist often from violating 

nature. Prof. Stokes illustrated the point by referring to the 
inverted rainbow picture, adduced as an example for a similar 

purpose in these pages some years ago. At the same time he 

admitted with justice that art was not without its uses to 
science. Especially useful was it, he pointed out, as a refresh- 

ing and invigorating change for the mind of the scientific 
student, apt to get clogged and dulled by too eager direction to 

one particular subject. 

THE Fifty-sixth Annual Meeting of the British Association 
will commence at Birmingham on Wednesday, September 1, 
1886. The President-elect is Sir William Dawson, C.M.G., 

F.R.S., Principal of McGill College, Montreal, Canada. Vice- 
Presidents: The Right Hon. the Earl of Bradford, Lord- 
Lieutenant of Shropshire, the Right Hon. Lord Leigh, Lord- 

Lieutenant of Warwickshire, the Right Hon. Lord Norton, 

K.C.M.G., the Right Hon. Lord Wrottesley, Lord-Lieutenant 

of Staffordshire, the Right Rey. the Lord Bishop of Worcester, 
Thomas Martineau, Mayor of Birmingham, Prof. G. G. Stokes, 

Pres.R.S. (nominated by the Council), Prof. W. A. Tilden, 

B.R.S., Rev. A. R. Wardy, Rev. H. W. Watson, F.R.S. 

General Treasurer : Prof. A. W. Williamson, F.R.S., V.P.C.S., 

University College, London, W.C. General Secretaries : 

Capt. Douglas Galton, C.B., F.R.S., A. G. Vernon Harcourt, 

F.R.S. Secretary: Arthur T. Atchison. Local Secretaries 

for the Meeting at Birmingham: J. Barham Karslake, Rey. 

H. W. Crosskey, Charles J. Hart, Council House, Birmingham. 

Local Treasurer for the Meeting at Birmingham: J. D. Good- 

man. ‘The Sections are the following :--A. Mathematical and 
Physical Science—President: Prof. G. H. Darwin, F.R.S. ; 

Vice-Presidents : Donald MacAlister, M.D.; Rev. H. W. 

Watson, F.R.S. ; Secretaries: R. E. Baynes (Recorder), R. T. 

Glazebrook, F.R.S., Prof. J. H. Poynting, W. N. Shaw. B. 

Chemical Science—President: William Crookes, F.R.S. ; 

Vice-Presidents: Prof. Carnelly, W. H. Perkin, F.R.S.; 

Secretaries : Prof. P. Phillips Bedson (Recorder), H. B. Dixon, 

F.C.S., H. Forster Morley, D.Sc., F.C.S., W. W. J. Nicol, 

Ph.D., C. J. Woodward, B.Sc. C. Geology—President : Prof. 

T. G. Bonney, F.R.S, ; Vice-Presidents: Prof. C. Lapworth, 

- F.G.S., H. Woodward, LL.D., F.R.S., F.G.S. ; Secretaries : 

W. Jerome Harrison, F.G.S., J. J. H. Teall, F.G.S., W. 
Topley, F.G.S. (Recorder), W. W. Watts, F.G.S.  D. Bio- 

logy—President : William Carruthers, F.R.S., F.L.S. ; Vice- 

Presidents: Prof. E. A. Schafer, F.R.S., M.R.C.S., P. L. 
Sclater, F.R.S., F.L.S., Sec.Z.S.; Secretaries: Prof. T. W. 

Bridge, Walter Heape (Recorder), Prof. W. Hillhouse, W. L. 

Sclater, F.Z.S., H. Marshall Ward. E. Geography—Pre- 
sident: Major-General Sir F. J. Goldsmid, K.C.S.I., C.B., 
F.R.G.S. ; Vice-Presidents: Major-General Sir Lewis Pelly, 

K.C.B., K.C.S.I., M.P., F.R.G.S., Capt. W. J. L. Wharton, 

R.N., F.R.G.S.; Secretaries: F. T. S. Houghton, J. S. 

Keltie, F.R.G.S., J. S. O'Halloran, F.R.G.S., E. G. Raven- 

stein, F.R.G.S. (Recorder). F. Economic Science and Sta- 

tistics—President : John Biddulph Martin, F.S.S.; Vice-Pre- 

sidents: G. W. Hastings, M.P., F.S.S., Sir R. Temple, Bart., 

Gs€.S.1., M.P., F.R-G:S:, F.S:S.; Secretaries: E. F. Bar- 

ham, Rev. W. Cunningham (Recorder), Prof. Foxwell, F.S.S., 

J. F. Moss, F.R.G.S. G. Mechanical Science—President : Sir 

James N. Douglass, M.Inst.C.E. ; Vice-Presidents: W. Ander- 
son, M.Inst.C.E.; W. P. Marshall, M.Inst.C.E. ; Secretaries : 

Conrad W. Cooke, J. Kenward, Assoc.Inst.C.E., E. Rigg 
(Recorder). H. Anthropology—President : Sir George Camp- 

bell, K.C.S.I., M.P.; Vice-Presidents: Prof. W. Boyd 

Dawkins, F.R.S., Lieut.-Col. H. H. Godwin-Austen, F.R.S. ; 

Secretaries: G. W. Bloxam, F.L.S. (Recorder); J. G. Garson, 
M.D., M.A.I., Walter Hurst, B.Sc., R. Saundby, M.D. The 

first General Meeting will be held on Wednesday, September 1, 

at 8 p.m. precisely, when the Right Hon. Sir Lyon Playfair, 

K.C.B., M.P., F.R.SS.L. and E., will resign the chair, and 

Principal Sir William Dawson, C.M.G., F.R.S., President- 

elect, will assume the Presidency, and deliver an address, On 

Thursday evening, September 2, at 8 p.m., a soirée; on Friday 
evening, September 3, at 8.30 p.m., a discourse on “The Sense 

of Hearing,” by Prof. William Rutherford, F.R.S. ; on Monday 
evening, September 6, at 8.30 p.m., a discourse on ‘‘ Soap 

Bubbles,” by A. W. Riicker, F.R.S. ; on Tuesday evening, 

September 7, at 8 p.m., a sozvde ; on Wednesday, September 8, 

the concluding General Meeting will be held at 2.30 p.m. 

THE first general meeting of the Congress of French scientific 

societies took place in the large hall of the Sorbonne on April 27 

at noon. M. Bertrand, Director of the Archeological Museum 

of St. Germain was in the chair. For the first time a special 

section has been created for geography, of which M, Bouquet 
de la Grye is chairman, The section of sciences was presided 
over by M. Faye, and divided into several sub-sections. M. 
Lhoste presented a pointed cask, with the assistance of which 
he hopes to keep a balloon floating in the air for several days 

over the sea. M. Certes, President of the Zoological Society of 
France, explained the use of colouring matters for the histo- 

logical and physiological exhibition of living animalcules. The 
meetings were concluded on Saturday, May 1, by an address by 

M. Goblet, the Minister of Public Instruction, in which he 

advocated the establishment of a secondary education from which 

Greek and Latin should be excluded, their place being filled 
by modern languages. A number of decorations were awarded 

to members of learned societies and academies. M. Berthelot 
was created ‘‘Grand Officier” of the Légion d’ Honneur. 

THE Department of Modern Ethnography in the British 

Museum being now arranged, the work of arranging the pre- 

historic section is being taken in hand by Mr. Franks. The 
three rooms immediately at the head of the western staircase, 
near the entrance, are devoted to this purpose. The collection 

will contain the Christy and Museum collections, which will be 
incorporated with each other, and also the Greenwell collection 
from British Barrows. The central room of the three will con- 

tain paleeolithic objects from England and the rest of the world. 
The finds in the caves of the Dordogne will form an important 

and interesting part of these. These caves were excavated by 

the late Mr. Christy at his own expense, and the results added 
to his collection. The pictures were, at his wish, sent to France. 

The room on the left of the entrance contains Neolithic objects, 

arranged under the Stone and Bronze Ages, the objects from the 
various countries being arranged within the periods. Here 

Canon Greenwell’s remarkable collection from the British Barrows 

(which will be maintained intact) will find a place. The specia 
value of this collection is that the place and manner of finding 

of each individual object is known and recorded, and every cir- 
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cumstance connected with the discovery of each is known. The 

Barrows, from which the collection was made, are found mostly 

in Yorkshire, although other places are also represented. In 

the same room will also be placed the implements used in work- 

ing flint quarries in prehistoric times, and other objects found 
there ; there will also be some curious implements from countries | 

where the Stone Agestill exists, as it does, in a certain measure, 

in Madeira, Syria, and Iceland. The room on the right will be 

given up to iron objects, and those of an age which may be called 
semi-prehistoric, such as the Roman times in Britain. 

A SUPERFICIAL examination of the ethnographical galleries in 

the British Museum shows that the American section is over- 

crowded. On the left are the American antiquities, which are 

of the greatest interest, but which do not seem to belong properly 

to ethnography at all, while the objects on the left, belonging to 
modern America, and which are certainly ethnographical, are | 

crowded into a space which is quite insufficient. As much has 
been done as possible to arrange the objects, and there is no 

confusion, but it is quite impossible to examine the cases properly 
when they contain so much. Ancient Mexico, Peru, and New 
Granada crowd modern South, North-West, and Arctic America 

into a very small space. It is obvious that an attempt should 

‘be made to remove the American antiquities to some more suit- 
able place, and to give up the whole of the gallery to American 

ethnography proper. 

AFRICA does not seem so well represented in the Collection as it 

might be fora country which has sent its missionaries and travel- 

lers into every corner of the land. Two or three small South Sea 

Islands occupy about as much space as the continent of Africa. 
The only district well represented is that of the Upper Nile, the 
collection of Lupton Bey being specially noteworthy, as giving one 
a fair idea of the manufacturing industries of the people of these 

parts. South Africa is moderately well represented, and in a 
less degree northern West Africa. East Africa, Central Africa, 

and southern West Africa are all relegated to a small case and 
very poorly represented. A spear from one tribe lies beside a pipe 
or a dagger from another tribe a thousand miles distant. And 

yet in this enormous region there are tribes singularly expert as 
blacksmiths, potters, &c. No African tribe produces more 

beautiful spears than the Wa-Vira, more horridly barbed than 
those of Nyassa, or more remarkable than those of Maryema or 

of Masai-land ; and yet good collections of all these are un- 
doubtedly in the country. Owing to this meagre display the 

collection is not of much value for purposes of comparison or to 
illustrate the relative advancement of the various tribes in arts 

and manufactures, and yet in this respect there is as much differ- 
ence between the most degraded of the tribes and the most 

civilised as there is between the latter and ourselves. 
arrangement also leaves much to be desired. Articles manufac- 

tured by tribes totally distinct in race, degree of civilisation, and 
religion are thrown indiscriminately together. Take, for instance, 
northern West Africa. There one finds the fetishes, idols, and 

rudely-worked articles of the degraded and barbarous tribes of 
the Lower Niger figuring amongst the artistic and advanced 
productions, of the Mohammedan and polished tribes of the 

Central Sudan, and nothing to indicate that they are not the 
work of one people. In the East African section, again, you 
find Somali weapons beside those of the Bantu tribes further 

south, such as the Wa-gogo. Some objects do not appear to be 
correctly named. Thus the backbone of a shield divested of 

the hide which it was intended to support now figures as a bow, 
a string having been stretched from point to point. The map 
to illustrate Africa is scarcely worthy of the British Museum. 

The Congo Basin is strikingly shown by an utter blank. 

From the Royal Gardens, Kew, we have received a cheap, 
carefully arranged, and highly useful guide to Museum No. ILI. 
at that establishment, which is devoted chiefly to specimens of 

The | 

timber and other large articles unsuited for exhibition in the 
glazed cases of the other museum. Another extremely useful 

publication is a Route Map of the Royal Botanic Garden and 
Arboretum on a scale quite large enough to enable any visitor to 
find his way. The various sections of the gardens are clearly 
laid down, and on the back is an index to the various entrances, 

museums, houses, the arboretum, &c., corresponding to the 

sections in the map indicated by figures and letters. 

A MICROSCOPICAL Soctery has been started in Glasgow with 

Dr. Dallinger as first President ; over fifty members have been 
enrolled. 

THE volcano of Smeru in Jaya is stated to be 

eruption. 

in 

WE have received the first number of Zhe Zndian Engineer, 

published by Messrs. Newman and Co., Limited, Calcutta. 
This is a new publication, the object being to provide a repre- 

sentative organ for all branches of the Indian engineering pro- 
fession, and to make it a creditable representative of the great 
engineering and scientific services of the country. The leading 

article appropriately gives a history of Indian engineering journal- 
ism. We are told that the first publication of the kind was made 
by the Corps of the Madras Engineers in the form of a series 
cf papers, to provide a record of the experience of their mem- 

bers for future reference. Messrs. Newman and Co., twenty- 

eight years ago, followed this first attempt by publishing a paper 
| called Zhe Engineers’ Fournal and Railway and Public Works 

Chronic/e. Since then seyeral different papers have been 
issued with varying success. Zhe /ndian Engineer is nicely 
got up and well printed, and, to judge by the first number, will 

prove to be an interesting journal, containing as it does many very 

good articles on general Indian engineering, civil and mechani- 

cal. We trust it will receive general support, and in time 
become an acknowledged organ of the profession in India, 

WE are pleased to see from the current number of the Agri- 

cultural Students’ Gazette that the authorities of the Royal Agri- 

cultural College, Cirencester, have provided greater facilities 
for teaching the increasingly important branch of agriculture, 

dairy farming. A new working dairy has been erected and 
fitted with appliances of the most improved kinds. We notice 
also that further substantial accommodation has been made for 
out-students. The Gaze/fe contains a description of the new 
buildings and an account of the College live stock; the dairy 

herd contains specimens of nine breeds, and the specimen flock 
of fifteen different breeds. An article by Mr. J. M. Muir- 

| McKenzie, on cultivation in the Western Ghats, gives a descrip- 

tion of the prevalent method of cultivation in this part of the 
Bombay Presidency, by means of wood ash and vaé ; this style 

of native agriculture entails the destruction of much jungle and 
denudation of the hills to the detriment of the low lands; it 

raises various difficulties between the natives and the forest and 

other officials, and any attempt to grasp its scientific and economic 

bearings is worth careful attention. 

Unper the title of ‘* Malvera Field Hand-book and Naturalist’s 
Calendar,” Mr. G. E. Mackie, Assistant Master in Malvern 

College, has published a little volume that will be useful both to 
residents and visitors. The Hand-book was originally begun for 

the use of the boys of the Malvern College Field Club, but has 

been much enlarged. 

Mr. THomas WARDLE, of Leek, has been to India to 

examine the cultivation of the silkworm (Soméyx mort) there, 

and the methods still in use of reeling the silk, Although the 
reputation of Bengal silk has gone down greatly during the last 
twenty-five years, yet microscopical examination satisfied him 
that the fibre of the Indian silk was quite equal to that of - 

Italian, and that improvement in the machinery and method of 
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reeling was all that was required. The length of thread, how- 

ever, in each cocoon was very different, the Indian worm only 

spinning 150 metres, while the more highly-tended and selected 
Italian worm produced 650 metres. It is suggested that the 
Government should rear a limited quantity of cocoons, from 

which a careful selection of ‘‘seed’’ only shall be made, since 
much of the present inferior quality is traceable to want of dis- 

cretion in the choice of breeding stock. A loss to the growers 

of 60 per cent. of their grubs through hot winds can be pre- 
vented by the’ use of mud huts instead of matted walls only. 

The profitableness of the business is shown by the fact that the 
zemindars have been able to exact the highest of all agricultural 
rents for land where the mulberry is grown for this purpose : 
more than twelve times the amount paid for land adjoining 

planted with rice. But they do not realise that such high rents 

are not practicable now silk is at only half its ordinary price. 

Mr. Fortescue, the Superintendent of the Reading Room 

in the British Museum, has just produced a catalogue which is 

new, as far as the Museum is concerned, in plan, and which 

will prove of the utmost benefit to all students, men of science 
included. It is a catalogue of all the works acquired during 

the years 1880-85 in all modern languages except Oriental, 

Hungarian, and Sclavonic, arranged according to subjects. At 

present the alphabetical system is that employed in the Museum 

Catalogue, and therefore, unless the student knows, or can 

ascertain, the name of his author, the Library and its Catalogue 
are of no use to him. With Mr. Fortescue’s Catalogue one 
can tell at a glance what books have been published during the 

past five years in any given subject, or branch of a subject, in 
Europe, America, or the British Colonies. The work contains 

about 1000 pages, with from 50,000 to 60,000 entries. An 
analysis of one or two headings will best show the value of the 

Catalogue. To take ‘‘ Chemistry,” under the sub-head ‘‘ Gene- 
ral” we find, first, all important text-books, then elementary 

works, both grouped under the different languages ; thea follow 
Agricultural, Analytical, Arithmetical, Bibliography, Examin- 

ation Papers, Inorganic, Medical (with cross-references to 

Materia Medica and Pharmacy), and, finally, Organic, with 

about 400 entries in all. This, of course, does not exhaust the 

subject, for under such heads as Acids, Alkalies, Alkaloids, and 

so on, throughout the book, we have also the titles of chemical 

publications. ‘lhe subject Electricity is a remarkable one for 
the number of entries under it. They fill ten pages in double 

columns, and about half refer to the electric light. It is curious 

to notice, too, that fifty telegraph codes were published in the 

five years included in the Catalogue ; these do not, of course, 

include the innumerable private and cypher codes. 

A UNITED STATES digest of the Report of the British Com- 
missioners on Technical Education by an eminent pioneer in the 
work has been issued as a Circular of Information by the Bureau 

of Education. In the writer’s earlier days ‘‘apprenticeship was 
rapidly disappearing and home manufactures were giving place 

to large mills and factories, and yet the schools in which the 

young were to be specially fitted for their career in the new 
order of industries were in a large measure limited to the old in 
methods and principles ”’—and far too little has there been any 

alteration since! The British Commissioners’ Report is re- 
printed and added on to the text of this Circular, but the latter 
is chiefly an account of the French, German, and Russian 

technical schools, to the latter of which the writer gives the 
palm of excellence. In these schools, however, a great deal 
more than teaching is done. In St. Petersburg material is 
handled in the most wholesale style, and in Moscow orders for 
specially difficult work are taken and executed. Valuable, how- 
ever, as such trained ability may be where trained ability is 
scarce, it is not a solution of the problem before England and 

America, where the object is to teach every youth the principles 
which underlie his work. The average age of youths who enter 

such institutions is over seventeen, and the course extends over 

five or six years. The result of much of such training in the 
advanced manufacturing countries must naturally be, as in Ger- 
many already, an overflow of highly-trained polytechnic students 

seeking something above an intelligent mechanic’s work. A 

specially complete set of schools for teaching the various trades 
at Chemnitz is described. In France the work of such schools 

in providing a substitute for the extinct apprenticeship system 
is so efficient that, it is said, ‘‘ the effort to avoid teaching trades 

will not be very successful,’”’ and they are found already to revive 
drooping industries and to make new ones. A most important 

observation, if generally borne out, is that much of this technical 
work can be added to, not substituted for, ordinary school work. 

WE learn from Watuven that a committee has been formed at 
Christiania to promote the long-projected establishment of a 
zoological garden in the Norwegian capital. The plan suggested 

by the promoters of the scheme is wisely adapted to the special 

collection of North European and Arctic animals, such as the 
Polar bear, reindeer, elk, and the numerous other members of 

the Cervus family to be found in high latitudes, while no attempt 
will be made to introduce animal forms belonging to tropical 

faunas, whose susceptibility to cold makes it difficult to maintain 
them in health even in zoological stations lying far south of 

Norway. 

WE are sorry to learn that bad weather greatly interfered with 
the success of Herr Stejneger’s explorations of the Behring 

Straits fauna and flora during his last summer’s boating voyage. 
At the extremity of Komandor Bay he believes that he has iden- 
tified the exact spot at which Behring and his unfortunate 

comrades’were shipwrecked, and where he perished from the 

effects of exposure in the winter of 1741, Here Herr Stejneger 
found buried beneath the soil various relics of this memorable 
expedition, including a thin brass plate stamped with the Russian 

double eagle. The search for plants and insects was specially 
unsatisfactory, for the damp mildewed the few specimens col- 

lected, and ruined all the cases and herbaria, while it so 

thoroughly rusted every fragment of steel and iron that all the 
instruments intended for meteorological and other observations 

were made useless. 

THE additions to the Zoological Society’s Gardens during the 

past week include two Military Macaws (d7va milttaris), a Red 

and Yellow Macaw (Ara chloreptera) from South America, pre- 

sented by Mr. C. Clifton, F.Z.S. ; two Ring Doves (Columba 
palumbus), British, presented by Lord Arthur Russell, M.P., 

F.Z.S. ; a Jay (Garrulus glandarius), British, presented by Mr. 

R. Humphries ; two Spanish Terrapins (Clemmys leprosa) from 

Spain, a Spotted Salamander (Sa/amandra maculosa), a Fire- 

bellied Toad (Bomdbinator igneus), six Axolotls (Sivedon mexicanus) 

from Mexico, a Green Lizard (Lacerta viridis), European, pre- 
sented by Mr. Alban Doran, F.R.C.S.; tweaty Palmated Newts 

(Molge palmata) from Epping Forest, presented by Mr. G. A. 
Boulenger, F.Z.S.; a Collection of Sea Anemones, from 

British Seas, presented by Mr. W. L. Sclater, F.Z.S.; two 
Ring-tailed Lemurs (emu catta) from Madagascar, an Asiatic 
Wild Ass (Zguus onager 6) from India, deposited ; a Ludio 

Monkey (Cercopithecus ludio) from West Africa, three Red- 

crested Finches (Coryphosphingus cristatus) from South America, 
two Rosy-faced Love-Birds (Agafornis roseicollis) from South 
Africa, a Shining Parrakeet (Pyrrhulopsis splendens) from Fiji 

Islands, a Vinaceous Amazon (Chrysotis vinacea), a Conure 

(Conurus ) from Brazil, two Short-eared Owls (Asvo 

brachyotus), a Magellanic Eagle Owl (Bubo magellanica), a Pudu 

Deer (Pudu humilis @) from Chili, purchased ; a Hairy-eared 
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Rhinoceros (Rhinoceros lasiotus &) from India, two Punjaub 

Wild Sheep (Ovs cycloceros) from North-West India, received 

in exchange. 

OUR ASTRONOMICAL COLUMN 

THE INFLUENCE OF PHASE ON THE BRIGHTNESS OF THE 
MINOR PLANETS.—Dr. G. Miiller gives an interesting discus- 
sion in the Astronomische Nachrichten, Nos. 2724-2725, of the 
variations in brightness of seven of the minor planets. The 
determinations of the magnitudes of these objects were made 
by means of a photometer, on Zollner’s principle, attached 
either to the Steinheil telescope of the Potsdam Observatory, 
of aperture 135 mm. aperture, or to the Grubb equatorial of 
207 mm. aperture. The result of these observations seems to 
show that there is a real connection between the phase of these 
planets and their apparent brightness, and that Lambert’s law 
of phase brightness does not apply to them. Dr. Miiller further 
divides the planets he has observed into two classes. In the 
first class, which embraces Vesta, Iris, Massilia, and Amphitrite, 
the changes in brightness are only perceptible as the planet 
approaches opposition; in the second, which contains Ceres, 
Pallas, and Irene, the changes in brightness seem to be co- 
extensive with the changes of phase. The planets of the first 
group thus correspond in their behaviour to the planet Mars, 
and Dr. Miiller thinks we may fairly infer therefrom a similarity 
in their physical condition to that of the ruddy planet. The 
planets of the second class would appear, on the other hand, 
to give a light curve similar to that given by our moon, or 
rather perhaps by Mercury ; it is therefore not improbable that 
they bear more resemblance in their physical constitution to that 
body. 

ComE?T Fasry.—The following ephemeris by Dr. S. Oppen- 
heim is taken from the Astronomische Nachrichten, No. 2722 :— 

for Berlin Midnight 

1886 “ R.A. Decl. Log » Log A Brightness 
ints) Sh y 

May3 5 116 7 3311S. 9°9351 9°2358 381°4 
5 616 8 22 594 9°9017 9°4446 195°2 

DE) 70 13053) 1301304 9°9877 95698 97°33 
1S 7 3443 34 18°8 0°0130 96758 532 
19 7 55 560 36 296 0°0373 9°7632 318 
23 OMNES 5 wes Soro 00606 9°8364 = 20°4 
27 8 23 52 38 53:2 0'0828 98992 13°38 
31 8 34 0 39 39°2S. O'104I 9°9528 98 

The brightness on 1885 December 1 is taken as unity. 

BARNARD’S COMET.—The following ephemeris by Dr. H. 
Oppenheim (dst7. Machr., No. 2714) is in continuation of that 
given in NATURE for April 1, p. 518 :— 

LE phemeris for Berlin Midnight 

1886 R.A. Decl. Logy Loga Bright- 
Jet, ky Gh 3 ness 

May6 1 41 34 39 23°5N. 96858 98894 155 
Io I 50 59 36 42°5 9°7087 9°8125 199 
14 2 8 29 31 42°6 9°7429 9°7266 253 
18 2 35 41 23 16°9 9°7828 9°6374 318 
wey Bh 1} 1o 16°3 N. 9°8242 9°5619 371 

26 35859 6 32°5S. 9°8648 975291 359 
The brightness on 1885 December 5 is taken as unity. 

THr APPLICATION OF PHOTOGRAPHY TO ASTRONOMY.—In 
Appendix III. to the ‘‘ Washington Observations for 1882,” 
Prof. Harkness, U.S.N., commenting on the difficulty of pre- 
venting the solar rays from disturbing the adjustments of a 
meridian instrument employed in observing the sun, points out 
that photography seems to afford an escape from the difficulty. 
He suggests that a transit-circle might be so constructed that 
its eye-piece could be readily removed, and a sensitive photo- 
graphic plate inserted just behind its wire system. Then with 
the eye-piece in position stars can be observed, and the instru- 
mental constants determined in the usual way ; while at noon a 
photographic plate can be inserted, and an instantaneous ex- 
posure will suffice to give an image of the sun with the transit 
and declination wires of the instrument imprinted upon it. The 
position of the sun’s centre relatively to these wires having been 
measured, this, together with the instrumental constants, the 
circle-reading and the sidereal time of exposure will give an 
exact determination of the sun’s right ascension and declination. 
As the instruments will be exposed to the sun’s rays only for a 

few thousandths of a second, no disturbance of its constants can, 
Prof. Harkness thinks, arise from that cause ; and the results, 
in his opirion, would probably be superior in accuracy to any 
hitherto obtained by the usual methods. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 MAY 9-15 

(Eos the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 
At Greenwich on May 9 

Sun rises, 4h. 20m. ; souths, 11h. 56m. 1673s. ; sets, 19h. 33m. ; 
decl. on meridian, 17° 25’ N.: Sidereal Time at Sunset, 
1oh. 43m. 

Moon (at First Quarter on May 11) rises, 9h. 12m.; souths. 
16h, 58m. 3; sets, oh. 36m.*; decl. on meridian, 16° 37’ N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h. m. on oe 

Mercury 3 46 10 19 16 52 5 5r Ne 
Venus ... 370 9 4 TSO eco OMG) 
Mars 12 40 19 34 2; 28" -. OUSZENE 
Jupiter... 14 21 20 39 2.157% 2. 2a50mNe 
Saturnles) :--10 7am 15 13 23 25 22 50N. 

* Indicates that the setting is that of the following morning 

Occultation of Star by the Moon (visible at Greenwich) 
Corresponding 
angles from ver- 

May Star Mag. Disap. Reap. “testo right for 

inverted image 
h. m. h, m. a a 

15... 6 Virginis 3 YA ents TAZ ese ete S ESO. 93 309 
May h. 

13° 3 tO Jupiter in conjunction with and 0° 25’ north 
of the Moon. 

Variable Stars 
Star R.A. Decl. 

ha ems One hi ome 

¢ Geminorum 6 574... 20 44 N.... May 9, 21 30 7 
3) 145 204ow 

S Cancri Aces) Comey Neem ney INA Rin gy 1 I. 18) 7 
R Ursz Majoris... 10 36°6 ... 69 22 N. A eh M 
3 Librze aid 5 4iOlen ro Are ph BRO ev! 
WaCoronze) =.) ee ts gsOken 32 a4 Ne s3) L Spe uelyaaeze 
RiDraconisi.2 2 TOES 2:4 07 ese a Los mL. 
U Ophiuchi... P17 910:8'... 11 2OUN. 2 5,8 LO; MOM 

and at intervals of 20 8 
X Sagittarii... . 17 404... 27 47S. .. May 12, 2 20m 

ye 15; (ONO 
W Sagittarii co Uf SYA en ZO) GS PSG CNRS) ZC 
R Lyre pee US MO 43 OO np LS} M 
T Aquarii » 20 43°90 =. 15. 34'S 05) m 
5 Cephei 22) 24-0 22157) 5OMN! 5; 10, 20s onmz 

M signifies maximum 3; 7 minimum. 

Meteor Showers 
Amongst the secondary radiants active at this time are the 

following :—From Lynx, R.A. 123°, Decl. 4o° N.; near 
3 Libra, R.A. 223°, Decl. 10° S. ; from Delphinus, R.A. 304°, 
Decl. 7° N.; near ¢ Cygni, R.A. 320°, Decl. 18° N. ; near 
« Andromede, R.A. 354°, Decl. 41° N. 

BIOLOGICAL NOTES 

THE HYMENOPTERA OF THE HAWAIIAN ISLANDs.—In the 
Proceedings of the Literary and Scientific Society of Manchester 
(vol. xxv. pp. 123-183) is a valuable contribution on_ the 
Hymenopterous insect-fauna of the Hawaiian Islands, by the Rey. 
T. Blackburn, B.A., who resided there for many years, with a 
short introduction and annotations by Mr. P. Cameron. 
Eighty-four species are catalogued or described, but Mr. Black- 
burn says he has taken over 100. The greater part of the 
species appear to be strictly autochthonous. Of the Anthophila 
(or bees) there are 14 species (excluding the introduced honey- 
bee), and it is curious that ro of these belong to I genus— 
Prosopis. Of the Fossores there are 35 species, and here again there 
is a paucity of genera, for 19 are includedin Odynervus and 11 in 
Crabro. Of Heterogyna (ants) are only 10 species ; and about 25 
species of the various parasitic and hyper-parasitic groups. No 
indication of any of the phytophagous forms occurs in the paper. 
Before Mr, Blackburn went to the Hawaiian Islands the insect- 
fauna was almost unknown, so far as what may be termed the 
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more occult (and therefore the chief) portion of it. Most of 
what had hithert» been discovered resulted from the casual 
visits of entomologists (not always trained to the subject). In 
Coleoptera alone he discovered about 430 species, of which 
nearly four-fifths appear to be strictly endemic, which is certainly 
noteworthy in considering the fauna of an insular group of vol- 
canic origin. The minority of more recent ‘‘ introductions” 
look largely in the direction of Western North America, with a 
sprinkling of Polynesian or Australian forms. The Rev. Mr. 
Blackburn’s Hawaiian discoveries in entomology have an im- 
portant bearing on the selection of naturalists to accompany 
exploring and other expeditions. A trained observer knows 
where and how to look, even if in doubt as to what he may 
find, and is always rewarded by new discoveries. An untrained 
han1 scampers over the country, and, with every desire to dis- 
tinzuish himself, comes back and complains of the barrenness 
of the land. 

VEGETABLE PARASITES OF CODF!ISH.—Some years ago Prof. 
Farlow called attention to the presence of a red fungus which 
was destructive to the dried codfish of the American fisheries 
(NATURE, vol. xxiii. p. 543). Since then Dr. E. Bertherand has 
given an account of poisoning which had occurred among the 
French troops at Algiers, caused, it was believed, by eating 
dried codfish, which had a vermilion hue owing to the presence 
of a fungus described by M. Mégnin in the Aevue Mycologigue 
(vol. vi. p. 114) as Contothectum bertherandi. Specimens of fish 
with the same colour were also met with at Bordeaux and Dieppe, 
these latter presumably from Newfoundland. it would appear 
probable that Mégnin’s fungus is the same as that originally de- 
scribed by Farlow as Clathrocystis rosco-persicina, Cohn.! In 
addition to this species, however, Farlow has described another 
parasitic form on the cod, Savcima morrhue, which name had to 
yield in priority to S. 2v/oradis of Poulsen, found on mud near 
Copenhagen, and which has lately been recognised by Saccardo 
and Berlese as occurring on codfish from Algiers. These 
botanists seem to think the Contothectum bertherandi identical 
with Sazcina litervalis, and this latter to be but a condition of 
Beggiatoa ro:co-persicina ; but although they are found in 
company Farlow sees no good reason to think they belong to 
the same species. It is curious the form should occur in regions 
so far apart as New England, Algiers, and salt-marsh mud in 
Denmark, and it suggests the idea that salt may be the means 
by which the disaster is spread, Still another species, called 
Oidiune morrhue by Farlow, by forming small brown spots on 
the surface of the dried codfish injures its sale, and has been 
found not only in New England, but also at Algiers.—(W. G, 
eee Bull. U.S. Fish Commission, i. p. 1, February 8, 
1886.) 

SUPERIMPOSED STAMENS.—Mr. Thomas Meehan suggests a 
new interpretation for the appearance of superimposed stamens. 
Stamens are by most, if not by all botanists, regarded as 
exogenous Jateral outgrowths from a caulome, in which latter 
there has normally been an arrest in its axial development. 
Stamens, however, occasionally will spring from the inner base 
of petals, and Mr. Meehan would account for this by taking the 
petal as the analogue of a leaf on an elongated branch, and the 
stamen as the development of an axial’ bud to the petal. 
‘Branching and articulated stamens are frequent in those 
families that have these organs springing as it were from an 
axial bud at the base of the petal, as in a diminution or sup- 
pressed secondary branch we might expect them to do.” In 
illustration of this idea Mr. Meehan refers to the flowers of 
Mahernia verticillata, Cav., a well-known Byttneriaceous plant 
from the Cape of Good Hope. The genus is separated from 
Hermannia chiefly by a cup-shaped gland at the middle of the 
stamen, A comparison with the axial development of the 
inflorescence shows the stamen to be formed on precisely the 
same plan, Mr. Meehan thinks, as the biflowered peduncle. 
‘This latter is simply a diminutive branchlet ; after forming one 
node the longitudinal development becomes nearly arrested, and 
there is a short pediceled flower, then the bud in the axil of 
the bracteolate leaflet pushes up and over this, giving rise to the 
longer-stalked flower. So in the development of the stamen, a 
bud arises in the axil of a petal, the common peduncle is repre- 
sented by the filament, and the cup-like gland at the middle 
stands for the bracteole of the bipedicels. Here one of the 
flower-buds wholly disappears, the innermost becomes the upper 
part of the filament, the real node may be at the connective, 

1 Bacterium rubescers, Lank. 
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and then the theoretical floral leaves proceed to form the anther, 
The incised bract is reduced to the fiinged cup-like gland from 
which the stamen proper springs, and he concludes from a 
survey of the whole subject that in many cases superimposed 
stamens are the development of theoretical axial buds at the base 
of the petals, and not the result of an interposition of an extra 
whorl of leaves for which there seems no warrant in phyllotaxy. 
It will be seen that even on this explanation the true stamen is 
phyllomic ; the fact that foliage leaves often have stipules ought 
not, in a consideration of this interesting subject, to be over- 
looked. Mr. Meehan’s observations may throw some light on 
the herotaxy of the floral organs.—(Lroc. Acad. Nat. Sci., 
Philadelphia, 1886, p. 9). 

STRUCTURE OF I.INGULA PYRAMIDATA.—From a very im- 
portant memoir on the structure of this species by Dr. H. G. 
Beyer, we condense the following. In 1870, when Mr. Dall 
was studying the species of Lingula, he separated those species 
which he found provided with raised fulera for the attachment 
of certain muscles, forming a median septum or one or two 
divaricating septa on the other valve, and formed for them the 
genus Glottidia. All of the known species (four to six in 
number) are exclusively to be found in American waters, while 
not a single species of Lingula has been found to occur in 
America. While the true Lingulas are almost always attached 
to a fixed rock or stone, Glottidia attaches itself, if at all, only 
when adult, and usually to a very small pebble or bit of shell. 
As to the structure of the shell, the author confirms in great 
measure the observations of Gratiolet, but describes the cuticle 
as a thin homogeneous layer, and immediately beneath it, some- 
times aggregated in clusters, someti ues arranged in linear series, 
and at other times again irregularly scattered, he found a series 
of litde round bodies, staining with hematoxylin, homo- 
geneous, and without nuclei; these are regarded as homolo- 
gous if not analagous to the bodies occurring within the organic 
sepla in the shell of the Testicardine Brachiopods. Imme- 
diately adjacent to the cuticle and this layer of bodies comes a 
broad layer of horny substance and internally a thin calcareous 
layer, and these horny and calcareous layers alternate with each 
other in anumber varying with the age of the animal. Towaris 
the periphery the cuticle an! horny layer alone are found, and 
these join the supporting layer of the mantle margin. A very 
intimate structural relationship exists between the body-wall, the 
mantle, and the peduncle. It seems doubtful whether the struc- 
tures described by Vozt, Owen, Hancock, and others as muscle : 
are in reality muscular in character. All the true muscles are 
smooth muscle-fibres, but other so-called muscles seem to be 
rather mesenchymatous, supporting substance, lacking contrac- 
tility, but perhaps possessing elasticity. The author's observa- 
tions on the vascular system confirm rather the views of Shipley, 
Schulgin, and Morse than those of Hancock, and no central 
propelling organ over the posterior slope of the stomach was on 
transverse sections found. The number and division of the 
nervous ganglia indicated by Hancock for Waldheimia seem to be 
the same in Lingula, though Hancock’s views have lately been 
criticised by Van Bemmelen. Hancock’s details as to the re 
productive organs are in great measure confirmed. Three 
excellent plates of anatomical details a-company this memoir,— 
(‘* Studies from the Biological Laboratory, Johns Hopkins Uni- 
vers ty,” vol. lil. No. 5, March 1886.) 

THe Cuckoo,—In the note on the cuckoo in the Biological 
Notes of April 1 (p. 519, line 6 from bottom), Farwary was in- 
advertently printed for F27e. 

NOTE ON EARTHQUAKES IN CHINA* 

if HAD prepared for presentation to the Seismological Society 
of Japan a tabulated account of earthquakes that have been 

recorded in Chinese annals for the past thirty-seven cen- 
turies, but it was destroyed by fire during a riot last winter, 
and with the paper were destroyed also the works from which 
the seismic facts were derived. Perhaps, however, some general 
remarks which those records suggest may not be devoid of 
value. 

Nothing can be inferred anent the relative frequency and de- 
structiveness of earthquakes in ancient and modern times from 
Chinese history ; from the earliest recorded earthquakes of 
Mount Tai in Shantung 183t B.c. to the commencement of the 

1 Communicated to the Seismological Society of Japan by D. J 
Macgowan, M.D 
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Han dynasty 200 B.c., only twelve are recorded ; tradition and 
written archives noting those only that presented extraordinary 
features ; a bald list merely mentioning a disturbance of the 
rivers of the I. and Lo Hanan, 1808 8.c. ; Wei, Chin, and So in 
Shensi, 778 B.c. ; the formation of long chasms in the loess, 
345 and 206 &.c. From the Han period, notices of the pheno- 
mena of course increase, accompanied betimes with a few details 
relating mainly to loss of life, and the succour afforded to 
survivors. Geographically considered, earthquakes in China may 
be grouped as insular, littoral, and inland. 

On the island of Formosa earthquakes are hardly less frequent 
than in Japan, while on Hainan they are comparatively of rare 
occurrence. ‘These islands form a portion of the great volcanic 
chain that girdles the coast of Eastern Asia ; the Chinese portion 
rises from the submarine plateau that overlooks the profound 
abyss of the Pacific Ocean. 

Insular earthquakes affect the mainland but seldom, and to a 
slight extent, which is noteworthy from the proximity of Japan, 
the least stable portion of the earth’s surface, which seemed 
inexplicable until Prof. Milne’s statistics showed that a large 
majority of earthquakes in Japan originated beneath the Pacific. 

The absence from Chinese and Korean annals of notices 
of earthquakes in that peninsula long inclined me to regard 
Korea as comparatively exempt from seismic action, and recently, 
I addressed Consul E. H. Parker, of H.B.M.’s service in that 
country, for information, who obtained from the prefect of 
Chemulpo a communication on the subject, the purport of which 
is, that earthquakes are so infrequent and harmless that records 
are not made of their occurrence. It is more than ten years 
since an earthquake was experienced in that kingdom, and on 
that occasion no one was injured, nor were buildings thrown 
down. No information is obtainable on the subject from Man- 
churia, where presumably earthquakes are uncommon: there is, 
however, a record of a volcanic eruption having occurred about 
a century azo in that portion of the empire.! 

The only existing volcanic action on islands of this coast is on 
the north of Formosa, near Keelung, where three solfataras are 
in ceaseless ebullition, affording large supplies of sulphur, and 
emitting during earthquakes so much hydro-sulphuric gas as to 
occasion a degree of malaise to the residents, and to discolour 
the white paint of ships.? 

Facts respecting Formosan earthquakes are so scanty that the 
following from a Chinese writer is worth citing. It relates to 
an earthquake that occurred in Northern Formosa in the fifth 
month of 1693. ‘‘ During that month the earth shook without 
cessation. A tract of country in which three villages were 
situated caved in; the inhabitants, however, had time to , 
escape.” Three years after that submergence, the narrator, a 
mandarin, who was on_ his way to procure sulphur from the 
solfatara ‘‘could see in a lakelet, where the water was shallow, 
tops of bamboos and other trees of those villages. While near the 
solfatara he heard for a day and night noises that resembled a 
cataract precipitated from a lofty cliff; the sound seemed to be 
near and all about, but no evidence of the cause of the noise 
was discoverable. When, however, he arrived at the solfatara 
the mystery was explained, he there heard the same sounds like 
a rushing of subterranean waters.” 

Another active volcano is named in a Chinese account of 
Formosa. It is in Téngshan district in the southern portion of 
the island at Red Hill, near the Tanshin Creek, ona plateau. 
Probably it has not been in open action since Formosa was 
opened to trade, as it does not appear to be known to foreigners. 

Formosan seismic action occasionally causes tremors to be felt 
on the mainland, which is due to the ordinary direction of earth- 
quakes on that island, which are generally from south to north 
or the reverse. The Liuchiuan group is the centre of seismic 
force that does not appear to extend beyond those islands. 

Submarine disturbances not unfrequently attend the insular 
earthquakes ; the sea sometimes rises on the Formosan coast 
sixteen feet above the usual height. Independently of the 
terrene commotions of Formosa, its adjacent waters appear to be 
subject to submarine agitations occasioning what records of the 

* Perhaps the following may be explained as a result of volcanic action 
far distant from Peking. In the month of June, 1465, during a gust of wind 
at the capita! a sound was heard as of hail falling on the ground, when 
pellets the size of cherries were picked up. On breaking them open they 
emitted a sulphurous odour. ‘he writer says he could not have regarded 
such a phenomenon as credible had he not himself witnessed it. 
2 Head-dizziness” is said to be an occasional accompaniment of earth, 

quakes on the mainland. Slight shocks that occurred at_Weichang- 
November 3, 1885, are described in the Sven-fau as exhibiting that 
phenomenon. 

mainland style ‘‘ third” or supplementary tides ; but these are of 
rare occurrence. The ‘‘tide-rips” that have attracted the attention 
of hydrographers are notable phenomena, but the following, from a 
local gazetteer, seems to indicate the existence of phenomena 
that cannot be referred to tidal action :—‘‘ Peculiar noises of the 
sea are sometimes heard which are commonly regarded as indica- 
tive of change of weather, sounds from the north foreboding 
rain, those from the south being followed by wind. Hissing 
noises are heard, at times they are low, at others loud ; when 
low, they resemble the beating of a drum or the dropping of 
beans on that instrument ; now, the sounds are near ; anon, they 
are distant ; stopping suddenly or continuing for hours. When 
the noise is loud, it is more noisy than the voices of a hundred 
thousand men, and the sea bubbles up ; in very protracted cases 
the noises continue day and night for half a month ; and when 
of short continuance the sound lasts three or four days. Coast 
landers err in supposing that these noises have connection with 
the weather. They are absent during rains and in drought, 
in winds and in calms. . . During the sounds, the sea is agitated 
by fearful billows and furious waves.” If that extraordinary 
seething and roaring of the ocean were synchronous with earth- 
quakes, the fact could not have escaped observation : indubitably 
that graphic description applies to submarine volcanic action ; 
to which the submarine plateau of eastern Asiais subject, and to 
which also I attribute the supplementary tides of the adjacent 
coast. Some thirty years ago an island was thrown up bya 
submarine volcano on the south of Formosa ; the pumice which 
is cast on the northern shores of that island is evidently a sub- 
marine production.! é 

As proximity to the belt of volcanic islands seldom disturbs 
the mainland of the northern littoral, so the adjacent coast of 
Southern China and Annam enjoy like exemption from insular 
throes : Chehkiang and Fuhkien are sometimes slightly visited 
by Formosan shocks, and even the Canton coast slightly, but 
Philippine earthquakes never affect Annam. 

Earthquakes on the coast of China are frequent, but slight and 
harmless. Their harmlessness is evinced by the tall slender 
pagodas that adorn the hills and valleys, and they are generally 
very limited in area, with great diversity of direction, but a 
majority being from south-west to north-east. 

The southern provinces of China, and yet more Indo-China, 
appear to be comparatively exempt from earth throes, which, 
however, may be due to lack of information from those regions, 
but there is evidently no seismic zone in tropical or sub-tropical 
eastern Asia such as exists in our mid-latitudes. 

The tremors that are experienced in Chehkiang, Kiangsu, and 
coterminous regions to the west, are sometimes followed by the 
appearance on the ground of substances that in Chinese books 
are styled ‘‘ white hairs.” When I first called attention to 
records of that kind that are found in local gazetteers, I suggested 
that they might be crystals precipitated by gaseous emissions, 
such as were once reported as occurring after an earthquake in 
the south-west of the United States; from later descriptions of 
these ‘‘horsetail-like” substances I incline to the opinion that 
they are organic, perhaps mycillium. 

In the summer of 1878 the vernacular press gave an account 
of the occurrence of the phenomena at Wusoh, a city on the grand 
canal, thirty miles north of Suchau.. ‘‘ At noon, June 12th of 
that year, shocks of an earthquake were experienced, which lasted 
several minutes (Sz. ‘for the space of time taken in swallowing 
half a bowl of rice ’) ; the motion was so great that sitting or stand- 
ing was difficult, but no harm was done. Two days later at night 
there wasaseverershock, after which, within and without the walls 
of the city, white hairs resembling a silvery beard, about three 
inches in length, were found, which boys pulled out of the ground, 
gathering handfulls in a short space of time.” My list of Chinese 
earthquakes for the past two thousand years having been 
destroyed by fire I am unable to indicate the regions in which 
earthquakes were followed by the emission of ‘‘hairs,” but my 
impression is that all, or nearly all, are alluvial valleys. 

The chief foci of inland earthquakes are Yunnan, Szechuan, 
Shensi and Kansuh—and less frequently Shansi, Chihli, Shantung, 
and the central provinces, where they are more violent than in 
other portions of the empire, and frequently present con- 
tinuous or protracted action, for example :— 
A series of earthquakes occurred at Taiyuan, the capital of 

Shansi, in 1882, followed by shocks at brief intervals for a year. 
An earlier series occurred in the province of Chihli; the district 

ee For accounts of the volcanic region of Northern Formosa see Taintor’s 
“Imperial Maritime Customs Report, 1865,” and, Hancock, 1881. 
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city Chiichow suffered most, not a house remained standing, 
many lives were destroyed ; frequent shocks occurred for a year 
after. The province of Szechuan is also liable to continuance of 
seismic throes, one of these commenced in the fourth month, 
1462, and continued eleven months—there were in all 375 
shocks. 

In the loess formation of Northern China (discovered and 
described by Baron Richthofen) the land is not unfrequently 
riven by earthquakes forming long narrow chasms of unknown 
depth that gradually disappear on account of the vertical cleay- 
age and unstratified nature of loess. 

In the first decade of the fourth month, 1828, an earthquake 
caused a fissure over three miles in length, twenty to thirty feet 
broad, from which a vapour issued that proved fatal to many : 
people, animals, houses, and tombs were ingulfed. About two 
months later, during heavy rain, the chasm gradually filled up. 

The chief earthquake region of China lies in a great seismic 
zone, which extends from near the gulf of Chihli to the shores 
of the Caspian—including Turkestan and the Aralo-Caspian 
depression. In Eastern Turkestan they present a periodic 
character (five per annum with remarkable regularity). Yet 
there are few portions of the world so far removed from active 
volcanoes. Recent Russian exploration has discovered that the 
supposed Tienshan volcano is merely a solfatara, or an ignited 
coal-field. 

Observations of officers appointed by the Emperor Chienlung 
to examine the newly subjugated territory in reference to these 
‘*firefields,” are several. They say: ‘Three days travel to the east 
of Okishu and to the south of the hill at Palikeh there are several 
firefields. The ground is of a red colour, and a number of 
variegated stones are piled upon each other in the neighbour- 
hood; from the middle of which flames upward of a foot in 
height are emitted : they are alternately extinguished and lighted 
up, while the smell is so strong as to render a near approach to 
the place impossible. For a distance of about 100 / not a blade 
of grass, not an inch of wood, nor a drop of water can be seen. 
From the peculiar smell of the fire thus raised, it is imagined 
that the soil must be strongly impregnated with sulphur.” 

The same work represents earthquakes as so common in 
Eastern Turkestan and the desert, that to the inhabitants ‘‘ they 
are not considered strong ; four or five occur every year; even 
when violent, they merely cause the doors and windows to rattle, 
but on account of the firm and adherent character of the soil, 
and thick walls and light roofs in common use, the houses are 
never thrown down.” 

A recent English traveller’ makes a similar statement re- 
specting Mid-Asian earthquakes generally. At Tashkend they 
generally average five in a year, but so slight, as not to be noticed 
by anybody, In that part of the world earthquakes appear to 
be most frequent at the close season. In the western portion of 
the seismic zone, they are of greatest frequency and violence in 
mountain regions. 

Anent the opinion of M. Perrey, that a maximum of earth- 
quakes is coincident with the moon’s perigee, I submit the 
following statistical fragment that escaped the loss referred to : 
it is partially confirmatory of Prof. Milne’s observations, that cold 
weather furnishes the maximum of frequency. 

Lists of 738 continental shocks :— 

5th month 46 Ist month 65 | oth month 56 
and, %,, 0/32 6th ,, 63 Toth’) 4,2 643 
ayitl jy ae Wiley 55 70 Toth 55) ) (65 
Ath) 55, 49 | 8th; 70 Teth %5 83 

(The first day of the first month occurs about February 6th, 
or at the new moon which falls nearest to the point when 
the sun is in the fifteenth degree of Aquarius.) In their seismic 
records the Chinese seldom designate the day of the month 
(moon) when earthquakes occur. Yet a considerable number may 
be found. Seventy-two cases show twice as many in the first 
and second as in the third and fourth quarters of the moon’s 
phrases : forty-eight in the former period, and twenty-four in 
the latter ; of that number fifteen occurred at the syzygies. The 
6th day shows the largest number, twelve. None took place on 
the 2nd, 5th, 13th and r4th; one occurred on each of the 
following, 4th, 7th, 17th, 20th, 22nd, 23rd, 24th, 28th, 29th. 
Hours are rarely given ; so far as they go, they show that a large 
majority are nocturnal. 

® Lansdell’s ‘‘ Russian Central Asia,”’ 1385. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

Oxrorp.— The following list of lectures and classes in Natural 
Science has been arranged for the summer term :— 

Physics.—In the Clarendon Laboratory Prof. Clifton lectures 
on Instruments and Methods employed in the Study of Optics. 
Practical instruction in Physics is given by the Professor and by 
Messrs. J. Walker and A. L. Selby. At Christ Church, Mr. 
Baynes lectures on Electro-Kinematics and Dynamics, and has 
a class for practical instruction in Electric and Magnetic 
Measurements. At Balliol Mr. Dixon lectures on Elementary 
Electricity and Magnetism. At Trinity the new Millard 
Laboratory will be opened for instruction in Mechanical and 
Electrical Engineering under Mr. Frederick Smith. 

Chemistry.—In the Chemical Department of the University 
Museum Dr, Odling lectures on Some Special Points in Organic 
Chemistry. Mr. Fisher and Dr. Watts continue their courses 
on Inorganic and Organic Chemistry respectively. Mr. W. R. 
Dunstan lectures on Organic and Pharmaceutical Chemistry. 
Practical instruction is given in the laboratories by Messrs. 
Fisher, Watts, Baker, and Marsh. At Christ Church Mr. 
Vernon Harcourt has a class for Quantitative Analysis, and Mr. 
Dixon for Gas Analysis. 

Animal Morphology.—In the Morphological Department 
Prof. Westwood lectures on the Haustellated Orders of Winged 
Arthropodous Animals. Prof. Moseley lectures on the Mam- 
malia, Mr. Baldwin Spencer on Embryology, and Mr. J. B. 
Thompson on the Osteology, Distribution, and Odontography 
of Birds and Mammals. Practical instruction is given by Prof. 
Moseley and by Messrs. Robertson and Spencer. In Human 
Anatomy Mr. A. Thomson lectures on the Vascular and Re- 
spiratory Systems, and gives demonstrations on Topographical 
Anatomy. Daily instruction is also given in Practical Anatomy. 

Physiology.—In the Physiological Department Prof. Burdon 
Sanderson lectures on the Chemical Processes of the Animal 
Body, and on Elementary Physiology. Mr. Dixey lectures on 
Histological Methods. Practical instruction is given daily. 
Botany.—At the Botanic Garden Prof. Balfour lectures and 

gives practical instruction in Vegetable Morphology and Physio- 
logy. Prof. Gilbert gives four lectures on Rural Economy. 

Anthropology.—Dr. Tylor lectures on the Origins of Civilisa- 
tion. 

Geology.—Prof. Prestwich lectures on the Secondary and 
Tertiary Series as illustrated by the geology of the neighbour- 
hood of Oxford. Each lecture is followed by a geological 
excursion. 

CAMBRIDGE.—The Special Board for Biology ‘and Geology 
have recommended the following grants from the Worts Fund : 

(1) 507. to Mr. W. Bateson, of St. John’s College, to assist 
him in investigations into the fauna of lakes in the neighbour- 
hood of the Sea of Aral in 1886, and an additional 50/. if he 
continues his investigations into the summer of 1887. Mr. 
Bateson’s investigations into the development of Balanoglossus 
in the Southern United States have, it is well known, been of 
great value. 

(2) 60/7. to Mr. A. C. Seward, of St. John’s College, to assist 
him in studying and collecting fossil plants in Belgium and 
France. 

(3) 352. to Mr. Hans Gadow, of King’s College, to assist 
him in exploring the ossiferous caves of Portugal, which he has 
already partly explored during two former visits. Prof. Boyd 
TDawkins strongly recommends the continuance of these ex- 
plorations. 

(4) 252. to Mr. C. Potter, of Peterhouse, to assist him in 
elucidating the life-history of the alga parasitic on the water- 
tortoise in Portugal. 

In the list of lectures issued by the Board of Physics and 
Chemistry for the present term we note that Dr. Ruhemann, 
assistant to the Jacksonian Professor, will lecture on Gas 
Analysis, and also on the Aromatic Bodies. The other chemical 
courses repeat the usual advanced and elementary courses. 

In Advanced Mathematics Mr. Forsyth lectures on Thermo- 
dynamics, Mr. Glaisher on Theory of Errors, Mr. Webb on 
Dynamics of a System. The latter course will be continued 
during the Long Vacation, when also Prof. Darwin will lecture 
on the Theory of Attractions, Potential, and Figure of the 
Earth. 

In Geology Prof. Hughes lectures on Stratigraphy and Cam- 
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bridge Geology, Mr. Marr on Advanced Palzontology, especially 
the Graptolites, Mr. Harker on Microscopic Petrology. 

In Botany Dr. Vines is lecturing on the Cryptogams; Mr. 
I. Darwin on Physiology, and Mr. Potter on Advanced Sys- 
tematic Botany. 

In Zoology, Mr. Sedgwick continues the courses of Elementary 
Biology, and the Anatomy and Embryology of the Vertebrata ; 
Mr. Gadow gives a summary Course on the Palzontology of the 
Vertebrata. 

In Physiology, beside Prof. Foster’s Elementary Course, we 
have advanced lectures by Dr. Gaskell, Dr. Hill, and Mr. 
Langley. 

Prof. Macalister lectures on the Variations in the Skeletal, 
Muscular, and Nervous Systems of the Races of Mankind. 

The Special Board for Physics and Chemistry report to the 
Vice-Chancellor on the new Mechanical Science Tripos :— 

In consequence, the report states, of the Grace passed March 
11, 1886, confirming their report, dated December 14, 1885, 
the Board have drawn up regulations for the New Tripos in 
Engineering, Physics, and Chemistry, for which they would 
propose the name ‘‘ Mechanical Science Tripos.” They do not 
think it desirable that the University should examine in subjects 
for which the University does not or may not easily provide 
adequate teaching, and have therefore made the examination in 
Engineering mainly an Examination in Mechanical Engineering. 
They have included, however, in it such elementary portions 
of Civil Engineering as can be taught in Cambridge and 
such as may often be advantageously studied by those who 
are intending to become Mechanical Engineers. With re- 
spect to the Engineering papers in Part II. of the Ex- 
amination one paper would test the ability of the candidates to 
indicate how a given design should be carried into execution ; 
another would include questions on steam and the steam-engine 
besides other prime movers, and also on boilers and furnaces ; a 
third would include questions on bridges, roofs, arches, abut- 
ments, elementary hydraulics, strength of materials, and ele- 
mentary building construction. In the Examination in Physics in 
Part II. the papers would contain questions on the application of 
dynamics to physical phenomena ; gravitation ; attractions ; hydro- 
Statics and hydrodyna nics ; properties of matter, including elas- 
ticity, capillarivy, diffusion, and viscosity ; heat ; kinetic theory of 
gases ; radiation ; light, including the application of the undu- 
latory theory to the problems of geometrical optics ; minera- 
logical physics ; acoustics; meteorology ; cosmical physics ; 
electricity and magnetism; reduction of observations. The 
Practical Examination would extend over two days, the Exami- 
nation on the first day being of such a nature as would test the 
knowledge of the candidates in the general methods of labora- 
tory work ; on the second day a list of experiments would be 
given, one or more of which each candidate would be expected 
to complete. 

SCIENTIFIC SERIALS 

Bulletins de la Société d? A nthropologie de Paris, tome 8eme, 
4me fascic., 1885.—On the facial and cranial muscles of a young 
gorilla, by M. Chudzinski. The subject of this post-mortem 
examination, a young male, was 98 centimetres in height. The 
muscles of the head and face were the same in number as in the 
human species, but in form and dimensions they exhibited cer- 
tain differences, being combined into a single fleshy mass, which 
covered most of the face.—M. Pozzi laid before the Society 
various anatomical characteristics with reference to the compara- 
tive constitution of the muscles of the Negro and the white 
races. —M. Folley drew.attention to the greater anastomosis of 
the subcutaneous abdominal veins of the Negro, and the import- 
ance of this peculiarity in giving to the organism a greater power 
of resisting the action of rapid variations of atmospheric or 
aqueous pressures.—On the common origin of Malays and 
Vedahs, by M. Beauregard.—On the universal language of F. 
Sudre, by M. Gajewski. The basis of the system proposed fifty 
years ago by M. Sudre is the musical nomenclature of the vocal 
notes, do, ve, &c., and from these he elaborated a language 
which claims to be equally capable of expression by means of 
musical instruments and the voice. The defects and impractica- 
bilities of Sudre’s proposed musical language were considered at 
length by MM. Kerckhoffs, Dally, and Dehoux.—Suggestions for 
the modification of Broca’s method of determining the direct abso- 
lute cranial capacity, by M. Topinard. The points chiefly insisted 
on are the different results yielded by fresh, and often-used, lead, 
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the latter being valueless after 100 cubage determinations. —On 
the cause and nature of the vitrification observed in tumuli, and 
other ancient structures, by M. Manouvrier.—Report of the 
recent Anthropological Exposition at Buda-Pesth, by Dr. R. 
Blanchard.—On the dimensions and location of the dolmens of 
St. Nectaire, by Dr. Verrier.—History and anthropology, by 
Dr. Fauvelle. The writer draws attention to the tissue of errors 
which works intended for the instruction of the young continue 
to promulgate, as exemplified in the current historical explana- 
tions of the origin and usages of earlier races.—On the Gallic 
habitation of Mané Gohenne, Carnac, by M. Gaillard. The 
finds, which consisted principally of flints and pottery, included 
a string of twenty-three green serpentine beads cut into various 
forms.—On certain unique objects shaped like fishes, found in 
the Mammoth Cave in Varsovia, by M. Zawisza, and supposed 
to have been employed as fetishes by sorcerers.—On the signi- 
ficance of certain strongly marked impressions on the inner sur- 
face of a skull, by M. Manouvrier. Such impressions have been 
regarded as an evidence of imperfection in the cerebral conyo- 
lutions, and of consequent mental deficiency.—On man of the 
age of Palzolithic pottery in the Lozére district, by MM. Martel 
and L. de Launay. The local finds attest the co-existence there 
of man and the cave-bear, and the fabrication of pottery at the 
time.—On the flint implements of Croix Fringant, near Cognac, 
by M. Germain. —On the calcareous islets of Taled Sah, in the 
inner sea of the Samsans, in the Malayan peninsula, and the 
natives who dwell in natural caverns and are engaged in collect- 
ing edible swallow-nests, by M. Macey.—On the displacement 
of the brain in accordance with the different attitudes assumed 
by the body, by M. Bonnard.—On the form of the hand and 
figure of Asiatics, by Dr. Mugnier.—Anthropometric and other 
observations of three Australians now being exhibited in Paris, 
by M. Topinard.—On the development of the cranium in the 
gorilla, by M. Deniker. It is found that, while the frontal 
region is developed, like other parts of the cranium, as rapidly 
in the gorilla as in man from the middle of foetal life to the 
eruption of the milk molars, different relations supervene after 
the latter period, the cranial development of the gorilla becom- 
ing much more strongly marked in the posterior and inferior 
than in the anterior regions. At the same time the upper max- 
illary rapidly acquires its characteristic prognathic form. An 
almost equal degree of prognathism is observable in the adult 
Negro, or Australian, and in the infant gorilla, but with its growth 
the latter acquires a facial angle which is smaller than that of 
any human cranium,—Ethnographic observations on the cerebral 
function, by M. Fauvelle —On a case of an hermaphrodite, 
by M. A. de Mortillet.—Notes on the post-mortem appear- 
ances of an imbecile, by MM. Doutrebente and Manouvrier.— 
Report, by M. Letourneau, on the Godard Prize Essay of M. 
de la Calle (1885) on the earliest attempt at speech in infants. 
M. de la Calle attempts to draw a parallel between the first 
enunciation of the vowel-sounds a, e, 0 by infants, and the 
monosyllabic character of certain languages belonging to various 
peoples of the far east of Asia, which have scarcely yet entered 
upon the more advanced stage of lingual agglutination. 

SOCIETIES AND ACADEMIES 
LONDON 

Royal Society, April 15.—‘‘ Dynamo-Electric Machines.” 
3y John Hopkinson, D.Sc., F.R.S., and Edward Hopkinson, 
D.Sc. 

Omitting the inductive effects of the current in the armature 
itself, all the properties of a dynamo-machine are most conve- 
niently deduced from a statement of the relation between the 
magnetic field and the magnetising force required to produce 
that field. This relation given, it is easy to deduce what the 
result will be in all employments of the machine, also the result 
of varying the winding of the machine in armature or magnets. 
The magnetic field may be expressed algebraically as a function 
of the magnetising force, or more conveniently by a curve (Pyo- 
ceedings of the Institution of Mechanical Engineers, April 1879, 
p. 246). Amongst the empirical formula which have been pro- 
posed to express the electromotive force of dynamo-machines 
in,terms of the currents around the magnets, we may mention 

that known as Frohlich’s, where E = =e E being the electro- 
t be 

motive force of the machine at a given speed, c the exciting 
current, and @ and é constants. For some machines this hyper- 
bola is said to express cbserved results fairly accurately. In our 
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experience it does not sufficiently approximate to a straight line 
in the part of the curve near the origin, and gives too high 
results for large values of c. 

One purpose of the present investigation is to give an ap- 
proximately complete construction of the characteristic curve of 
a dynamo of given form from the ordinary laws of electro- 
magnetism and the known properties of iron, Let 7 be the 
number of convolutions on the magnets, c the current round 
the magnets, 4, the mean length of the lines of force in the iron 
of the armature, A, the area of section of iron in the armature, 
/, the distance from iron of armature to iron of pole pieces, A, 
the area of the magnetic field in which the wires move cor- 
rected for its extension round the edge of the pole pieces, /3 the 
total length of the magnet cores, A, the area of the magnet 
cores, 7, the mean length of lines of force in the yoke connect- 
ing the magnet limbs in machines of the type on which we have 
principally experimented, A, the area of section of the yoke, 
7, the mean length of the lines of force in each pole piece, A; 
the main area of section of pole piece, I the total induction 
through the armature when no current passes in the armature, 
and vI the total induction in the magnet cores ; and, finally, let 
the relation between the magnetic force (a) and induction (a) 
(vide Thomson, ‘‘Electrostatics and Magnetism,” p. 397, and 
Maxwell, ‘‘ Treatise on Electricity and Magnetism,” vol. ii. 
p. 24) be represented by the equation a = f(a), then the 
characteristic curve is— 

I I I ees I; 
4mnc = W(x) + 2%, ar af (i) a ute) 2s H(i), 

Ay Ay 

If the relation between a@ and a@ be given in the form of a curve, 
this formula indicates at once a perfectly simple graphical con- 
struction for the characteristic. ‘Taking the curve of magnetisa- 
tion determined by one of us for wrought iron, and constructing 
a characteristic in this way, we have obtained a theoretical curve 
which agrees over a long range with the actual results of ob- 
-Servation on a dynamo-machine more closely than any empirical 

Y 

formula with which we are acquainted. 
To determine v, a wire was taken once round the middle of 

one magnet and connected to a ballistic galvanometer, a known 
current was then either suddenly passed round the magnets or 
short-circuited, the elongation of the galvanometer being noted. 
A similar observation was made with the same current, the gal- 
vanometer being connected to a single convolution of the arma- 
ture in the plane of commutation. The ratio of the two 
elongations is the value of v. 

The distribution of the waste field (» — 1)I was roughly ascer- 
tained in a similar manner. 

The currents in the fixed coils round the magnets are not the 
only magnetising forces applied in a dynamo-machine. The 
currents in the moving coils of the armature have also their 
effect upon the resultant field. In well-constructed machines the 
effect of the latter is reduced to a minimum, but it can be by no 
means neglected. This introduces a second independent variable, 
viz. C, the current in the armature. The effect of the current 
in the armature depends upon the lead given to the brushes. 
Denote this by A, which we may also regard as an independent 
variable, as it is subject to arbitrary adjustment. 
If I = F(4mzc) be the characteristic curve when no current 

passes through the armature, then 

em Mt 

v 
il as 4amC & ay (anne = se, 

Vv 

where 7 is the number of convolutions in the armature. Here 
we omit the comparatively unimportant portion of the magnetic 
force in the core of the armature and the pole pieces. From this 
formula it is not difficult to deduce a geometrical construction 
for the characteristic surface (vide ‘‘ Practical Applications’of 
Electricity,” lectures delivered at the Institute of Civil Engi- 
neers, 1882-83, p. 98). The equation may be thus expressed 
in words, if A be such that the coils at commutation embrace the 
whole or nearly the whole induction. The effect of the current 
in the armature upon the difference of potential between the 
brushes of any machine, is the same as that of an addition to 
the resistance of the armature proportional to the lead of the 
brushes, and to the ratio of the waste field to the total field, 

= 5 C i mr . 
combined with that of taking the main current yn times round 

the magnets in a direction opposite to the current c. Many con- 
sequences can be deduced, of which we may notice the follow- 
ing :—In a series-wound dynamo C is equal to ¢, and ife¢ be 

increased beyond a certain point, I must attain a maximum and 
then diminish ; this has been frequently observed. We now 
see that it depends upon the existence of a waste field. 
Secondly, let the coils of the magnets be entirely disconnected, 
and let A be the negative ; if the armature be short-circuited 
through a small resistance and be run at a sufficient speed, a 
large current may be produced in the armature. This latter 
deduction we have verified by direct experiment. 

The efficiency of the type of dynamo-machine upon which the 
experiments before indicated have been made, has been accu- 
rately determined by the device of coupling two similar machines, 
both mechanically and electrically, so that one should act as a 
generator of electricity, driving the other electrically, whilst the 
latter acted as a motor driving the former mechanically ; the 
loss of power required to keep the whole combination in move- 
ment being determined by direct dynamometric measurement, 
and the power passing electrically from the one machine to the 
other being measured by ordinary electrical appliances. 

The whole of the experiments were carried out at the works 
of Messrs. Mather and Platt, to whom we are indebted for the 
exceptional opportunities we have enjoyed of putting theoretical 
conclusions to the test of experiment on an engineering scale. 

Zoological Society, April 20.—Prof. W. H. Flower, 
F.R.S., President, in the chair.—Mr. O. Salvin, F.R.S., 
exhibited a living specimen of a foreign worm (Aifalium 
kewense), found in a garden in Sussex.—The Secretary read an 
extract from a letter addressed by Mr. R. A. Sterndale, F.Z.S., 
to Sir Victor Brooke, concerning a case of hybridism between 
Ovis hodgsont and O. vignet.—Mr. J. Bland Sutton, F.Z.S., 
read a paper in which he gave an account of some of the in- 
vestigations he had made during the past twelve months into the 
diseases affecting the mammals living in the Society’s Collection. 
—A communication was read from Dr, O. Finsch, C.M.Z.S., 
describing a new species of wild pig from New Guinea, which 
he proposed to call Sws miger.—Mr. Smith Woodward read a 
paper on the relations of the mandibular and hyoid arches in a 
Cretaceous shark (Aybodus dubrisiensis, Mackie).—A communi- 
cation was read from Prof. R. Collett, of Christiania, C.M.Z.S., 
containing an account of the hybrid between the willow-grouse 
(Lagopus albus) and the black grouse (7Zetrao tetrix), which 
occurs occasionally in Norway, Sweden, and Northern Russia, 
and of which the author had examined altogether thirteen speci- 
mens, most of them of the male sex.—Mr. G. A. Boulenger, 
F.Z.S., gave the description of a new Iguanoid lizard living in 
the Society’s Gardens, for which he proposed the name of 
Clenosaura erythromelas. The exact locality was unknown.—A 
second paper by Mr. Boulenger contained remarks on specimens 
of a scarce European frog (Xana arvalis) exhibited in the 
Society’s Menagerie. 

Royal Meteorological Society, April 21.—Mr. W. Ellis, 
F.R.A.S., President, in the chair.—Mr. L. J. Petre and Mr. 
G. B. Wetherall were elected Fellows of the Society.—The fol- 
lowing papers were read:—The climate of Killarney, by the 
Ven. Archdeacon Wynne, M.A., F.R.Met.Soc. The climate 
is determined partly by its geographical position, and it has the 
benefit of proximity to the south-west coast, with all the modi- 
fying influence of the GulfStream. The temperature, however, 
is locally modified, and a decided difference is found to exist 
between that of Valencia and of Killarney. The author shows 
that Killarney is colder than many other places in Ireland, and 
this he attributes to the fact that it isin a great irregular basin 
surrounded by mountain ranges for about a third, and by hilly 
ranges elevated some hundreds of feet above the lakes on most 
of the remaining two-thirds of the circle.—Note on the proba- 
bility of weather sequence, by Lieut.-Col. C. K. Brooke, 
F.R.Met.Soc.—Account of the cyclone of June 3, 1885, in the 
Arabian Sea, by Capt. M. T. Moss. The author, who was in 
command of the s.s. Zzchw/lva, while on a passage to Bombay 
had, when near Aden, the misfortune to encounter a most 
furious storm on the above date. This storm, which was 
apparently not of very large dimensions, was exceedingly severe, 
and was accompanied by an immense wave which caused several 
fine steamers to founder.—Results of solar radiation obser- 
vations in the neighbourhood of Birmingham, 1874-84, by 
Rupert T. Smith, F.R.Met.Soc.—Results of meteorological 
ohservations made in the Malay Native State of Selangor 
during 1884, by A. W. Sinclair, L.R.C.P. These observa- 
tions were taken at four stations, viz. Kwala Lumpor, Klang, 
Kajang, and Kwala Langat. The mean temperature of the 
district is about 80°, and the rainfall about 90 inches. 
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DUBLIN 

University Experimental Science Assoziation, March 
16.—The following commanications were made :—Prof. J. E. 
Reynolds, on action of silicon tetrabromide on thiocarbamide. 
—Mr. H. L. Crosthwait, the Forth Bridge.—Oa the melting- 
points of minerals, by J. Joly, B.E. An account of experi- 
ments with the meldometer, in which the temperature of the 
platinum strip, acting as the stage of a microscope, was deter- 
mined in terms of its resistance according to Siemens’s formula. 
It was mentioned that the order of fusibility assumed in Van 
Kobel’s scale is erroneous. The true order seems to be: (1) 
stibnite ; (2) natrolite ; (3) adularia ; (4) actinolite ; (5) bronzite ; 
(6) almandine. The blowpipe being a powerful chemical agent, 
may evidently mask the phenomena of fusion with secondary 
effects. Fair comparison is impossible with it, the shape and 
conductivity of the specimen used affecting the result. Com- 
parison on the meldometer is not open to these objections. It 
is very advisable that a scientific scale of fusibility should be 
adopted for the use of mineralogists. If this scale rested on the 
melting points of easily-prepared salts, it would then always be 
easy to determine by comparison the melting-point of a mineral. 
Approximate determinations could thus be readily effected on 
very minute quantities of matter. In the author's experiments 
the substances are reduced to a fine powder, the phenomena 
attending fusion being observed with a 1” object-glass. These 
phenomena are often very characteristic and beautiful. 

PARIS 

Academy of Sciences, April 27.—M. E. Blanchard in 
the chair.—On the quantitative analysis of the organic carbon 
contained in soils which absorb free nitrogen, by M. Berthelot. 
The author’s researches on the direct absorption of free nitrogen 
by various argillac-ous soils through certain minute organisms 
have led him to seek some other measure capable of indicating 
the proportion of these organisms in the ground. It being 
apparently impossible to isolate them, some idea of their abund- 
ance may still be formed by a quantitative analysis of the carbon 
entering into the constitution of their tissues. Hence the present 
inquiry, which promises to raise sone new and extremely 
delicate problems.—Observations relative to the proportion and 
quantitative analysis of the ammonia present in the ground, by 
MM. Berthelot and André. The experinents conducted during 
the last four years by the authors at Meudon on the general 
growth of vegetation and on the formation of nitric compounds, 
both in plants and in the soil, have led to certain observations 
here communicated on the processes employed in the quantitative 
analysis of the ammonia and the starchy compounds. It is 
inferred generally that the analysis of the ammonia present in 
the soil should be made without any desiccation, and that arable 
ground, when watered, tends continually to liberate the ammonia 
of the ammoniacal salts contained in it.—On the nitric sub- 
stances contained in rain-water, by MM. Berthelot and André. 
A process is explained for determining by analysis the exact 
quantity of nitric substances conveyed to the earth by meteoric 
waters.—On the movements of meteorites in the atmosphere, by 
M. Faye. These remarks are made in connection with 
M. Daubrée’s essay on ‘‘ Meteorites and the Constitution 
of the Terrestrial Globe,” recently presented to the Academy 
by the author.—Discourse pronounced at Montdidier on the 
occasion of the celebration of the Parmentier centenary, by 
M. Chatin.—Note on the meteorological observations made 
at the Montpellier School of Agriculture since last summer 
with the registering actinometer, by M. A. Crova. The 
results already obtained for the variations of solar radiation 
in summer require to be modified for the autumn and winter 
seasons. In autumn the oscillations diminish in amplitude, the 
two maxima of heat intensity tending continually to approach 
each other and gradually merge together about noon in winter. 
—Note on M. Leewy’s formulas for the reduction of the circum- 
polar stars, by M. Gruey. A process, at once simple and easily 
remembered, is given for establishing all M. Leewy’s formulas 
without any sacrifice of accuracy.—Remarks on the appearance 
of Fabry’s comet in April 1886, by M. G. Rayet. The comet, 
observed at Bordeaux on April 7, 13, and 21, exhibited a very 
long continuous spectrum from the extreme red to the violet, 
corresponding with the light of the nucleus and of the three 
ordinary bands of cometary spectra.—Note on the equilibrium 
of a fluid mass in rotation, by M. H. Poincaré. Some explana- 
tions are offered in connection with M. Matthiessen’s note in- 
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serted in the Comptes rendus for April 12.—On the magnetic rota- 
tory power of the crystalline bodies, by M. Chauvin. Iceland spar 
and some other birefractive crystals, supposed by Faraday and 
others to be inactive, are shown to possess the property of mag- 
netic rotation.—Action of alcoholic potassa on urea, sulpho-urea, 
and some substituted ureas; inverse reaction of the artificial 
urea prepared by Wohler’s process, by M. Alb. Haller. —Note 
on two properties of the urethanes of the fatty series, by M. G. 
Arth.--On the abnormal secretion of nitric substances in yeast 
and mould, by MM. U. Gayon and E, Dubourg.—Remarks on 
Polystigma fulvum, Tulasne, a new disease of the almond-tree, 
by M. Maxime Cornu.—Propagation of the luminous sensation 
to the non-excited zones of the retina, by M. Aug. Charpentier. 
From his optical experiments the author concludes that, in the 
phenomenon of successive luminous induction, the nervous 
action which gives rise to the sensation is really transmitted to 
the parts of the percipient medium lying near the excited part. 
—An attempt at a physiological explanation of the phenomenon 
of complementary colours, by the late M. Tréve.—Heliophoto- 
graphy and the magnetic perturbation of March 30, 1886, by 
M. Ch. V. Zenger.—Observation of an aurora borealis at 
Rolleville, Seine Inférieure, coincident with the magnetic pertur- 
bation of March 30, by the Abbé Maze. 

BERLIN 

Physical Society, February 19.—Dr. Pernet reported on 
the part he had taken in the labours of the International Com- 
mission which had for their object the comparative determina- 
tion of the normal metre. After recounting in a brief historical 
survey the undertakings carried out in Paris at the end of last 
century by an International Congress, which, after theoretically 
determining on the kilogramme and the metre as normal units, 
produced a normal metre and normal kilogramme of platinum, the 
speaker discussed the events which in 1878 led to a new interna- 
tional agreement, in consequence of which a new normal metre 
of platinum-iridium of X-form was prepared and compared with 
the metre of the Archives. A series of national standards was 
also compared with the normal metre. The speaker described 
in a searching manner the arrangements of the Bureau in which 
the comparisons were undertaken, the contrivances for securing 
the several comparing rooms against outward disturbances, the 
means adopted for insuring constant temperatures, and the 
methods employed in the comparisons, as also in the determina- 
tion of the expansion coefficients of the rods used. Finally he 
gave a sketch of his own labours, which had for their object the 
comparison of a series of normal metre rods of different metals 
with the metre of the Archives, and the determination whether 
repeated heatings and coolings between 50° and o° C., whether 
concussions, and whether time caused any perceptible changes in 
the lengths of the rods. As the result of these investigations it 
was found that the compared national standards, together with 
their divisions, were exact up to one-thousandth of a millimetre ; 
that, with the exception of steel, which, on account of its changes 
in hardness, readily yielded modifications of volume and length 
in the rods made of this material, all the metals out of which 
the standards were made—namely, platinum-iridium, platinum, 
and brass—furnished material suitable for normal metre rods 5 
and that repeated heatings and concussions induced no changes 
passing beyond the limits within which observation fails. —Herr 
C. Baur described experiments he had made with water-jets, 
which, issuing from a conically-pointed tube in parabolic curves, 
were acted upon by certain musical tones so that at some distance 
from the mouth of the tube they showed a rotation, and that the 
jet, though broken up into drops behind the apex of the parabola, 
contracted into a continuous jet. The thinner was the jet the 
higher must be the tone towards which it was sensitive; the 
thicker the jet the deeper the tone. Herr Baur had instituted 
further experiments with water-jets, which he caused to fall on 
plates. Under certain circumstances there thus arose quite pure 
tones, which continued as long as the jet hit on the plate. The 
experiments succeeded best with a Weissmann apparatus, when 
the jet issued under a pressure of 10 cm. water from a lateral 
opening of 4 mm. in diameter without tube. Thin window-glass 
plates and metal plates, which, resting on pedestals, had free 
movement of vibration, were best suited as receiving-plates. 
The tone was most certain of occurrence when the node lines 
of the plates were supported. In the jet itself appeared nodes and 
ventral segments at some distance from the opening ; they were 
most distinct and regular at its middle ; away in the direction 
of the plates they again became indistinct. If the metal plate 
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and the water acidified beforehand were connected with a gal- 
yanic cell and a telephone, then no interruptions of the current 
could be recognised during the time of the sounding. The 
contact of the water-jet with the plate must necessarily there- 
fore be continuous. Herr Baur deemed this mode of excitation 
very well adapted to the purpose of studying the vibrations of 
plates. In the discussion following this address it was pointed 
out from various sides that more than twenty years ago Prof. 
Tyndall and after him Magnus had instituted experiments re- 
specting the action of tones on water-jets, and that Prof. 
Tyndall had at the time shown his experiments to the Physical 
Society in Berlin. 

Physiological Society, March 12.—Dr. Gad reported 
on the experiments he had made on the subject of hzemor- 
thagic dyspnoea which he had referred to in his last ad- 
dress. If by opening a cannula inserted into the aorta 
a large supply of blood were taken from an animal, dog or 
rabbit, then dyspnoea at once ensued, and that in the form of 
increased inspirations, such as showed themselves in all cases of 
dyspnoea induced by insufficient conduction of oxygen to the 
respiratory centre. These heightened inspirations proceeded side 
by side with a conspicuous sinking of the blood-pressure, and 
were denominated by the speaker ‘‘ pneumatorectic” respira- 
tions. This respiration was distinguished from normal respira- 
tion by regular deep inspirations of unchanged frequency, 
inspirations in which the middle attitude of the thorax removed 
farther from the expiratory than was the case in normal respira- 
tion. The curve of respiration either then passed over into the 
normal, or convulsions set in,in which case the blood-pressure rose 
and the respiratory curve grew altogether irregular. After 
repeated heavy discharges of blood, the pneumatorectic passed 
into the ‘‘syncoptic” respiration, which was characterised 
by deep inspirations of very infrequent occurrence, during 
which the attitude of the thorax after expiration approxi- 
mated ever nearer to that which it held in a dead body, 
till the last breath, and so the death of the animal, 
occurred. These two kinds of respiration, the pneumato- 
rectic and the syncoptic, were perfectly regular and typical ; 
the former showed itself immediately after a heavy discharge 
of blood, the latter before death. Between these two extreme 
forms there passed a series of others in an inter-current manner. 
Of these there was first to be mentioned a very frequent super- 
ficial respiration, which was inadequate to the necessities of the 
organism, and had the name ‘‘hypokinetic” applied to it. If 
the animal recovered out of this stage, the hypokinetic passed into 
the pneumatorectic and the normal respiration, otherwise it was 
followed by the syncoptic respiration and death. ‘The transitional 
process from the hypokinetic into the pneumatorectic respiration 
might be experimentally brought about in a perfectly regular man- 
ner by the injection into the venous system of warm physiological 
solution of commen salts. With the increase of the blood-pressure 
the alteration in the form of respiration at once asserted itself, 
the respiration becoming sufficient. Even at the stage of syn- 
coptic respiration a transition into the pneumatorectic respira- 
tion might occasionally, though not always, be induced by 
injection of solution of common salt, and in that way the life 
of the animal be rescued. Another form of respiration 
following heavy bleeding was that which showed itself in 
periodical increasings of the amplitudes in respiratory move- 
ments. These and diminishings of amplitudes ran parallel 
to the Traube-Hering periodical oscillations of the curves 
of blood-pressure, though with displacement of the phases. 
The periodical oscillations in the amplitude of respiration 
referred to formed a transition to the Cheyne-Stokes pheno- 
menon. The speaker recounted the explanations of the Cheyne- 

_ Stokes respiration, and took sides with the older theory, 
_ according to which it was to be conceived as a rhythmus of 
activity on the part of the central organs having periods of a 
higher order than had the simple rhythmus of respiration. In 
conclusion Dr. Gad drew from his physiological experiences a 
series of practical consequences having respect especially to the 
suitability of transfusions of common salt after heavy bleedings, 
particularly at the stage of hypokinetic respiration. —Prof. Zuntz 
spoke of the nature of the stimulations regulating the normal 

_ respiratory movements. The every-day experience that increased 
muscular activity produced an increased respiratory activity, 
i dyspnoea, had suggested simultaneously to the speaker and to Dr. 

_ Geppert the idea of investigating whether the gases of the blood, 
r were universally assumed to be the sole stimulations of 

respiration, were adequate to the explanation of this dyspnoea, 

The experiments respecting which the speaker delivered a 
report were instituted in common. From the carotid artery of 
an animal habituated to regular work—a draught dog—were 
taken quantities of blood which sufficed for the purpose of 
analysing the gases of the blood. The quantities of blood 
referred to were taken on one occasion while the dog was ina 
state of rest, lying comfortably at his ease in his cage; 
or on another occasion while the dog was at work pulling a 
loaded car in his usual manner. By an ingenious contrivance, 
which the speaker described, the discharge of blood was ren- 
dered possible without the dog noticing anything of the matter. 
In a similar manner, by special apparatus, without molesting 
the dog in any way, they were enabled to measure the quantity 
of the air breathed in a given time, and to take away small 
quantities of the exhaled air to be subjected to analysis. The 
examination of the blood-gases showed that the arterial blood 
during work contained less carbonic acid and more oxygen than 
it did during a state of rest. During work the blood contained 
about 39 per cent. CO,, and in a state of rest about 40 per cent. ; 
the amount of oxygen, on the other hand, was about 18 per 
cent. during work, and about 12 per cent. in time of rest. The 
respiratory activity was, however, during work considerably 
increased. The quantity of exhaled air during work increased 
to threefold that exhaled in time of rest, and, corresponding with 
the increased respiratory activity, the air exhaled during work 
showed a less increase of CO, and a smaller loss of oxygen than 
in time of rest. The increased respiration during work could 
not now be caused by the blood-gases, seeing that the contents 
of the arterial blood in CO, were less, and in oxygen consider- 
ably more, than during a state of rest. Another stimulus 
must accordingly act on the central organs of respiration 
during work. It was possible to imagine that, along with 
the voluntary excitation of the muscles of the body during work, 
the respiratory muscles might likewise be stimulated, or that 
from the corporeal muscles contracting themselves during work 
a stimulus proceeded reflexively exciting the respiratory centres. 
The following experiment, however, was against both of these 
possible assumptions. The spinal marrow of an animal was in- 
tersected at the top of the thoracic vertebra, and the para- 
lysed lower extremities tetanised while the anterior part of the 
body remained at rest. Notwithstanding, however, that all 
nervous connection between the working muscles and the 
respiratory centre was cut off, the dyspncea of work still 
ensued, and disappeared when the tetanus ceased. From 
this fact the speaker drew the inference that in the active muscle 
some product or other was generated which arrived with the blood 
at the respiratory centre and excited it. The accuracy of this con- 
clusion was further confirmed by the following experiment. The 
abdominal aorta of the animal with intersected spinal marrow 
was, during the tetanus of the posterior extremities, strongly com- 
pressed through the abdominal integuments. The respiration 
now continued unchangedly normal, nor did any dyspnoea ensue 
so long as the compression lasted. Dyspnoea showed itself, how- 
ever, the moment the compression was removed. Even when 
the aorta was left free after the tetanus was ended, increased 
respiration still occurred. The speaker conceived therefore he 
had conclusively established that a substance, still unknown, 
forming itself during the muscular activity, proceeded with the 
blood to the respiratory centre and excited it. He conjectured 
that, in other active organs as well, such an efficient substance 
developed itself as respiratory stimulus, a substance which oper- 
ated along with the gases of the blood even in the normal respira- 
tion. In the discussion following this address, Prof. Zuntz 
mentioned that Dr. Lehmann had made some experiments 
respecting the effect of acids on the respiratory centre, and had 
found that the acids excited this centre. This excitation was of 
course not powerful enough to justify the conclusion that the 
acid produced during the muscular contraction was the respi- 
ratory stimulus in the dyspnoea of work. 

Meteorological Society, April 6.—Prof. von Bezold, the 
newly appointed Director of the Meteorological Institute in 
Prussia, which is to be reorganised, explained the principles in 
accordance with which the reorganisation in question would be 
undertaken. He first gave a short survey of the history of 
meteorological observations, setting forth how, first, the dis- 
ciples of Galileo in the Academia del Cimento made use of the 
newly invented instruments for the observation of temperatures 
and atmospheric pressure ; how, next, as éarly as the beginning 
of the eighteenth century, several investigators of nature had 
arrived at the knowledge that meteorological observations of any 
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comprehensiveness could be successfully instituted only through 
the association of a considerable number of observers ; and 
how, more than a hundred years ago, the Societas Palatina in 
Mannheim had organised an extended network of stations of 
observation, at which observations were instituted with instru- 
ments of the same construction, according to the same plan, 
and at the same times, and were collected at the central office, 
and published in a manner which would be deemed exemplary 
even if issued at the present time. This work was prosecuted 
till the French Revolution put a termination to it. In Prussia the 
suggestion of a meteorological institute was made by Alexander 
yon Humboldt, and was crowned with success only in 1847, 
when, on Humboldt’s proposal, Mahlmann was made the first 
Director of the Meteorological Institute, which was connected 
with the Statistical Bureau. In 1849 Dove succeeded Mahl- 
mann as Director of the Institute, and held the post till his 
death in 1879. Meanwhile, however, the necessity of a com- 
plete transformation of the Meteorological Institute came to be 
recognised. Formerly, simple average values for the different 
stations were calculated, and for these no special stress was 
laid on the single observation, in consideration that mistakes 
balanced one another. Now, however, when it was a question 
of preparing synoptic maps and of obtaining exact maps of the 
meteorological conditions prevailing at a determinate time over 
a large area, the value attached to the single observation was 
a much higher one, and it was of the greatest importance 
that all the data should be as free from error as possible. It 
would accordingly be the first task of the Institute to pro- 
vide all stations of the second and third order with good instru- 
ments, carefully to see they are maintained in good order, and to 
collect the materials of observation. The network of stations of 
observation would have to be completed and equally distributed, 
and there were about 200 stations of the second and third order, 
besides some thousands of subordinate stations, in contempla- 
tion. The subordinate stations should be equipped with rain- 
gauges, and make observations on precipitation, thunderstorms, 
and such like. A second problem of the Institute was the exact 
determination of the course of the meteorological elements for 
the day, the month, and the year, by uninterruptedly continuous 
observations not only of the climatic factors—temperature, atmo- 
spheric pressure, moisture, &c.—but also of the phenomena of 
the earth’s magnetism and electricity. This work would be done 
by the Observatory, which was completely separated from the 
Meteorological Institute. The Observatory, under a special 
direction, was transferred to Potsdam to the Astro-physical 
Observatory. Two similar Observatories of the first rank, one 
in Breslau, perhaps, and one in Bonn—at all events, in Univer- 
sity towns wide apart from each other—were in contemplation. 
While the Observatory prosecuted its observations in the quiet 
of Potsdam, the Meteorological Institute should have its seat in 
the midst of. Berlin, in the edifice of what was formerly the 
Building Academy, and continue in connection with the lively 
intercourse of the capital. Irrespective of the service for weather 
warnings to be introduced perhaps at a later date, which would 
require to be in proximity to the head telegraph office, the 
central position should be readily accessible to the different 
observers who came from the provinces to the capital. The 
Institute, moreover, should be easily available for all students of 
science and experts who were in need of meteorological data : 
such, for example, as agriculturists, physicians, persons engaged 
in hydraulic labours, &c. The Meteorological Institute should, 
finally, have as its main function that of being a teaching insti- 
tute for the scientific training of meteorologists, Its function 
in this respect should not be merely confined to lectures at the 
University, but should especially consist of practical work done, 
under the guidance of assistants, by students and young 
observers in the Meteorological Institute, similar to what is 
carried on in chemical, physical, and other laboratories. 
With this programme in hand, the new Director hoped very 
soon to bring the Meteorological Institute to the degree 
of efficiency attained by similar institutes in neighbouring 
countries, and particularly by the teaching thus imparted to 
cultivate a new field fruitful of good results for science.—Dr. 
Weinstein, with reference to his paper recently read to 
the Society, made some further communications respecting 
disturbances of the earth’s currents which had occurred 
on January 9 and March 30. On March 30 the disturb- 
ances were so great that in the course of the forenoon 
telegraphic communication in Germany was stopped. Even 
with currents of 60 Daniells no signs could be forwarded 
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by the telegraph wires. The magnetic elements in Wil- 
helmshaven showed great simultaneous disturbances, and from 
the direction of these magnetic disturbances it was inferred 
that the disturbances of the earth’s electricity were the 
primary, the oscillations of the earth’s magnetism the secondary. 
—In connection with these observations of Dr. Weinstein, Prof. 
Sporer stated that from March 26 to April 4 a very re- 
markable and numerous group of spots had been observed 
on the sun. On March 30 Dr. Less had observed squalls, 
accompanied with remarkable oscillations of temperature and 
of atmospheric pressure, and Dr, Assmann read several 
reports on North Light phenomena which had been perceived 
on March 30 in Eldena, Greiffenhagen, Magdeburg, and Nord- 
hausen.—Dr. Weinstein further communicated that Prof. Forster 
had entered into an arrangement for having reports of dis- 
turbances observed in the earth’s current at once forwarded to 
the Astronomical Observatory that the state of the sun might be 
simultaneously examined. 
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THE CHEMISTRY OF THE COAL-TAR 
COLOURS 

The Chemistry of the Coal-Tar Colours. Translated from 
the German of Dr. R. Benedikt, and Edited, with 

Additions, by E. Knecht, Ph.D. (London: George 
Bell and Sons, 1886.) 

“THIS is an excellent little practical manual dealing 
with a subject of great scientific and industrial im- 

portance—a subject the scientific side of which has been 
somewhat neglected in this country, to the inevitable 

detriment of the industrial side. The decline of this 
industry in England is a tempting subject to expatiate 
on; but the moral has of late been pointed with such 
laudable iteration that we refrain from pointing it afresh. 
The state of affairs which prevails with regard to the 

literature of the subject is expressed in the opening words 
of the editor’s preface :— 

“Although England may be called the birthplace of 
the coal-tar-colour industry, it is a remarkable fact that 
the English literature on the subject is very scanty, and 
that which does exist is now almost obsolete owing to the 
rapid strides which have been made during the last ten 
years in the manufacture of the coal-tar colours.” 

There is no doubt about the want, and we think that 

this little work supplies it to the extent aimed at. Both 
author and editor are specially qualified for their task by 
experience in teaching the technology of the subject. 

The work contains excellent introductory chapters on 

the optical properties of colouring matters, the methods 

of testing colouring matters—both spectroscopically and 

with regard to their tinctorial power—on the relation of 

the various fibres to the colouring matters, and kindred 

general questions, of importance both to the colour 

chemist and to the dyer. “ Rule-of-thumb” is every- 
where excluded ; reasons are fully and clearly given. 

The greater part of the work is necessarily devoted to 
the chemistry proper of the coal-tar colours—the chemical 
processes by which the various colouring matters are 
obtained and the reactions by means of which a know- 

ledge of their chemical constitution is arrived at. Con- 
stitutional formule naturally play a very important 
part. : 

Our modern dynamical chemists—some of whom, by 
the way, appear to be censors first and investigators after- 

wards—are never tired of crying out for the abandonment 
of these constitutional formulz on the ground that they 
afford only statical, not dynamical, representations of 

chemical phenomena. Happily, those who have built up 
the German coal-tar-colour industry of the last fifteen 

years on the basis of the benzene theory have never 
shared this opinion ; nor is it shared by our authors, who 
in their little treatise faithfully reflect the methods and 

results of this great scientific and industrial development. 
Doubtless, colour chemists would prefer a dynamical 
formula—one which should indicate, for example, the 

most suitable temperature at which to perform a potash 
fusion, or a nitration, with a few hints thrown in as to 
time of heating, concentration, and so forth—and doubt- 
less the dynamical chemists will in time supply this want ; 
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but meanwhile the colour chemist feels, taught by experi- 

ence, that his humble and inexact calculus of chemical 
operations, the constitutional formula, is vastly better than 

anything that has been offered in its stead. But as yet 
the dynamical critic does not appear to have anything to 

offer in its stead: like certain dynamztical critics he is 
satisfied with destruction, and his attitude towards con- 

stitutional formule is not unlike that of the dynamitical 

critic towards Constitutions—British and other. 
There is little which calls for criticism in the chemical 

portion of the work: the classification is good, and the 
results of the elaborate investigations of which almost 

every colouring matter of any importance has of late 
years been made the subject are given briefly but in a 

way calculated to make clear to the beginner the sig- 

nificance of such work. We could have wished, however, 

that Dr. Knecht in his editorial capacity had thought 
good to give some account of the researches of O. Fischer 

on flavaniline and chrysaniline, and of Bernthsen on 

methylene-blue. The problem of the constitution of 
these compounds has been solved in a very instructive 
and conclusive fashion—much more conclusively than in 

the case of some of the colouring matters of which the 
constitution is discussed in the present work. 

In the introduction reference is made to the popular 

prejudice which exists against the so-called “aniline 

dyes ”—the collective name by which coal-tar colours are 
known among non-chemists. There is animpression that 

the tints are crude and glaring, and that the colours lack 
fastness. Certainly there are coal-tar colours which sin 

in all these respects. But there is a survival of the fittest 
here as elsewhere : the vulgar shades and fugitive colours 

are being weeded out and replaced by better. The 
accusations come most frequently from persons of an 

eesthetic turn, and it is perhaps too much to expect that 

the strenuous esthete, living laborious days in the 
endeavour to improve his own taste and that of his neigh- 
bours, should be aware that the beautiful and permanent 
Turkey-red, which he so justly admires, is now a coal-tar 

colour, and that even indigo may be made from coal-tar. 

As regards “fastness” of colours, the ideas of the 

general public on the subject may perhaps be gauged by 
a speech which we remember reading, made some years 
ago by a Member of Parliament in distributing the 
prizes at a technical schoo]. Seeking to inculcate the 
duty of thoroughness in work, and desirous at the same 
time to employ only such illustrations as would at once 
come home to every technologist, he said :—‘‘ But it 
would not be thorough work, for example, to daub a wall 

with untempered mortar, or to dye with fast colours.” 

Probably a life divided between politics and sport had not 
permitted him to realise that the fastness of colours is 

distinct from that of race-horses—or of youth ! 
Where there is so much to praise we regret to have to 

record a defect, but we think that hardly adequate care 

has been bestowed upon the proof-reading. The mis- 
prints are unnecessarily numerous, and must sometimes 

be very puzzling to a beginner, especially where, as is 

occasionally the case, they affect complicated formule. 
A list of errata is given, which, however, needs ex- 
tension. Whether, for example, the chemistry of the 
average student of technology will be equal to the 

task of informing him that not sodium _bisulphaée 

Cc 
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but sodium bisulphzfe is employed in the preparation 
of soluble alizarin-blue, or that the three formule given 

on p. 70 in a preliminary account of the products from 

tar, and described as those of “the three isomeric di- 

nitrobenzenes,” are in reality those of the three mono- 
nitrotoluenes—errata not corrected in the list—is open to 

doubt. 
Inconclusion, we cordially recommend the book. We 

trust that it will not only be made use of by students of 

technology as a useful introduction to the larger treatises 
in French and German, but that the ordinary student of 

organic chemistry will take the opportunity of making a 

closer acquaintance with a special branch of his subject, 

as fascinating from a scientific point of view as it is 
fertile in practical results. F. R. JAPP 

FAPANESE HOMES 

Fapanese Homes and their Surroundings. By Edward 
S. Morse, Director of the Peabody Academy of Science. 
(London: Sampson Low, 1886). 

je ASSOC Prof. Morse’s connection with Japan 
has been comparatively short and interrupted, few 

men have done so much for scientific progress in that 
country. About ten years ago he first visited Japan in 
order to study certain forms of ocean life on its coasts, 
and, fortunately, was induced to accept the Chair of 
Zoology in the University of Tokio. While holding this 

office he did much to arouse an interest in the minds of 
his students for biological research, and he established a 
Biological Society, which is, we believe, still at work. 

By his discovery and thorough investigation of the shell- 

mounds at Omori, near Tokio, he stimulated prehistoric 

studies. His monograph on these mounds—although 
perhaps his theory as to the builders may not, on more 

extended examination, have proved tenable—was followed 
by a number of publications on the Japanese Stone Age, 

cave-dwellers, and the like ; and in many less generally 

known directions his influence on the advance of science 
in Japan has been a beneficial and stimulating one. His 

first visit to Japan has been followed by two others, during 

which he visited all parts of the country, as well as other 
regions of Eastern Asia, and has collected material on a 
variety of matters. The present volume is a monograph 

on the house in Japan ;—the different types of houses, 
their mode of construction, the uses of each part, | 
the varieties in each from the roof to the foundation, 
the types and uses of household utensils, &c. The 

illustrations, which are beautiful, are also very nu- 

merous, being, on the average, about one to a 

page. Without them it would, indeed, be diffi- 
cult for readers who are not well acquainted with 
Japanese houses to follow the descriptions. Many of 
these details Prof. Morse thinks it may soon be difficult, 
if not impossible, to obtain, and therefore like an old 

Japanese to whom he refers, and who “held it a solemn 

duty to learn any art or accomplishment that might be 
going out of the world, and then to describe it so fully 

that it might be preserved to posterity,” he now describes 

and copies them for the benefit of future generations who 
may not have the opportunity of seeing these evidences 

of Japanese skill and sense of beauty. We do not | 

apprehend that the Japanese will ever change so far as 
to substitute the jerry-builder for their own carpenters, 

and we do not think that their style of architecture will 
ever greatly alter, for the simple reason that they have 
now what, on the whole, is the fittest. Nevertheless we 
cannot but be grateful to Prof. Morse for making the 
Japanese house, inside and out, so familiar to English 
readers. His work is so clear and detailed that we see 

no reason why any one who feels so disposed should not 
be able to erect for himself a home in the Japanese style 

in England. 
In the eighth chapter indications from the most ancient 

works in Japanese literature are collected together in 
order to catch a glimpse of what the Japanese house of a 
thousand years ago was like. It would be useless with- 
out a plan of the modern house before us, to refer to 

these beyond quoting Prof. Morse’s conclusion that they 
are significant indications of the marked southern affini- 

ties of the Japanese, and he thinks that, from all we can 
gather relating to the ancient house of the Japanese, it 
would seem that certain important resemblances must be 
sought forin Annam, Cochin China, and particularly in the 
Malay peninsula—but not amongst the Ainos. This is 
another nail in the coffin of the theory of an ethnic 

relationship of the latter with the Japanese. On the 
whole, Prof. Morse’s theory of the history of house deve- 
lopment in Japan is a slow but steady progress from the 

rude hut of the past to the curious and artistic house of 

to-day—a house as thoroughly a product of Japan as is 
that of the Chinese, Corean, or Malay a product of these 

peoples, and differing from all quite as much as they differ 
from one another. It has just those features incorporated 

into it that might be expected from its physical proximity 
to, and historical relations with, China and Corea. The 

last chapter deals with the ‘‘neighbouring house ”—that 
is, Corean, Chinese, Aino, and Loochooan houses. In 

this chapter the writer has fallen into a curious error in 

describing Hachijo Island as one of the Bonins. There 
is no more connection between the two than there is 
between Iceland and the Isle of Wight. Hachij6 has 

from the earliest times been Japanese ; it was at one time 
a place of exile for political offenders. The Bonins never 

belonged to Japan until within the last few years; as the 

name (&z or JZ Nin, without people) implied, they were 

uninhabited, except by a few waifs and strays thrown up 
by the sea—Caroline Islanders, deserters from whalers 
and ships of war. The account of the visit to Hachijé, 
from which Prof. Morse quotes, was published some years 

ago in the Zyavsactions of the Asiatic Society of Japan, 
and is of exceptional interest, for in this island may still 
be observed ancient Japanese customs which have long 

fallen into desuetude on the mainland. Thus the peculiar 
lustration ceremonies, the special parturition houses, &c, 

now found in Hachijé, are mentioned in ancient Japanese 
works as common toall Japanese. The difficulty of access 

to the island from the adjacent mainland on account of 
dangerous currents would explain the presence of this 
little oasis of antiquity. There is this excuse, however, 

for Prof. Morse’s confusion of the Bonin Islands with 
Hachijo, that the expedition set out for the Bonins, but 
the writers about Hachijé went no farther than that island, 

and there, while awaiting the return of the steamer, col- 
lected the material for the paper in question. 
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ACOUSTICS, LIGHT, AND HEAT 

Acoustics, Light, and Heat. By William Lees, M.A., 
Lecturer on Natural Philosophy, the Heriot Watt 
College, and Lecturer on Mathematics and Experi- 
mental Physics, Free Church Training College, Edin- 

burgh. New and Enlarged Edition. (London and 

Glasgow: Wm. Collins, Sons, and Co.) 

THIS is one out of many of the text-books which 

have been called into existence by the “May” 

Examinations of the Science and Art Department. Being 

written especially to meet the requirements of the student 
who wishes to pass these examinations, it is only brought 
up to the standard given in the directory of the Depart- 
ment, and may therefore for this purpose be useful. The 
fact that a new and enlarged edition is now appearing is 
certainly evidence that this is the case. To make it 

more serviceable, the questions of all the May Examina- 

tions in Subject VIII. from 1872 to 1885 are given. 
Though the simple and numerous diagrams and the 

generally clear nature of the text give it a certain value 
as a text-book, it is by no means so free from faults and 

ambiguities as might be expected in a new edition. 
It may be well to refer especially to a few places where 

alterations suggest themselves. 
Figs. 19 and 20 show the contrast between a musical 

sound anda noise. Though it is explained that “noises 
are due to irregular vibration or a confused mixture of 

musical sounds which produce aérial waves of great com- 
plexity and wanting in periodicity,” no explanation is 
offered of a peculiarity in the “ curve of anoise” (Fig. 20), 

which in three places is actually made to slope back- 
wards. 

Some of the figures in optics are rather wanting in pre- 

cision. Thus in Fig. 73, which shows a real image 

formed by a concave mirror, a pair of slightly diverging 
rays are made to cross between the mirror and the princi- 

pal focus. Again, Fig. 77 showsa caustic on the surface 
of milk in a glass with its cusp reaching close to the 

centre. Fig. 103 shows the action of a refracting plate on 

a beam of light by the turning and approximation of 

successive wave-fronts. Those two wave-fronts which 

obliquely cut the surface are shown straight and partly 
swung round, as if they were rigid lines meeting with 
resistance at one end. It would surely have been better 
to have bent the line at the point of intersection, leaving 
all the wave-fronts and parts of a front outside the 

medium parallel to one another, and also all inside 

parallel to one another, but it is possible that wave-fronts, 
strictly speaking, are not intended. 

The explanation of so important a thing as the 
achromatic lens can hardly be considered satisfactory. 
Owing to its brevity it is possible to give this in full. 
“This defect in a lens [the defect of chromatic aberra- 
tion] is obviated by the combination of a double convex 

. lens of crow glass, with a convexo-concave of /n¢ glass 
(Fig. 122). The effect of the second lens is to re-blend 

the coloured rays which the first has produced, and at 
the same time such an amount of refraction is preserved 
as to bring the light toa focus.” As nowhere is it directly 

pointed out that for the same degree of refraction flint glass 

produces more dispersion than crown, it is not difficult to 

imagine that a student might fail to form any very clear 
idea of the principle of the achromatic lens, nor is he 

likely to be materially helped by the figure (122), which 

certainly does not represent either the section or any 
other view of any achromatic lens that was ever made. 
If it were not for the section lines it would be a good 

perspective drawing of ashort cylinder ; the ellipse which 
appears to be the end of such a cylinder is really meant 
to show the crown lens in section, and the figure of 

uniform thickness by its side, as thick everywhere as the 

ellipse is in the middle, which seems to be the side 
of the cylinder, is meant for the section of the flint lens. 

Simplicity in a diagram is a thing to be desired, but 

there is more than simplicity here. 
Very little is said about spectrum analysis; and its 

application to the measurement of the motion of the 
heavenly bodies in the line of sight is not even men- 

tioned. 
The general weakness of the optical part is to a 

certain extent compensated for by the chapters on polar- 
isation, which have much to recommend them. There is 

here, however, a paragraph which requires explanation. 

“Now it is found that whatever quantity of polarised 
light there is for any incidence other than the polarising 
angle in the reflected beam, there is always the same 

quantity in the refracted beam. At the polarising angle, 

however, the refracted beam exhibits traces of polarisa- 

tion.” What is meant by this distinction is by no means 

clear. : 
Heat is more precisely and clearly treated than light, 

but here the general excellence is marred by an example 
to illustrate expansion in which the working out of the 

result shows that the obvious meaning of the ques- 

tion is not intended. What any one would under- 
stand by the words, “ Find the length of a rod of brass 

which would expand equally with a rod of steel 3 feet 
long under a change of temperature of 10° C.,” is evidently 

—Find what length of brass will increase in length by 

the same amount that a 3-foot rod of steel does for a 
change of 10° C. But what is found in the working of 

the answer is the length of a piece of brass which will 
expand so as to be as dong as a piece of steel 3 feet long 

when each is vazsed 10° C. 
Sufficient has been said to show that this book is not 

as clear and accurate in either the text or the figures as 

might be expected in a new edition. 

OUR BOOK SHELF 

Cholera Curable. By John Chapman, M.D. 
Churchill, 1885.) 

Dr. CHAPMAN has had the opportunity of testing, in the 
Hépital de la Charité in Paris, his method of the so- 
called neuro-dynamic treatment in Asiatic cholera, and 
his demonstration of the success of this treatment 
constitutes, we take it, the cardinal motive for the 
production of this book, although a good many other, 
mostly theoretical, considerations are brought into the 
discussion. 

The symptoms of Asiatic cholera are explained by a 
number of assumptions on the action of the spinal cord 
and the sympathetic nervous system, but as to which we 
look in vain for experimental proof. The theories con- 
cerning the etiology and causation of cholera are fully 
treated, and then Dr. Chapman promises to furnish us 
with a complete solution of these problems in a discovery 
made by him as to the cause of cholera. When, how- 
ever, we come to analyse what he really has discovered, 

(London : 
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it turns out that he himself is moving in a circle of fal- 
lacies. While denying the specific nature of the cholera 
virus, he explains this latter by the symptoms of the 
disease. Assuming, for the sake of argument, with Dr. 
Chapman, the particular disturbances of function in the 
cord and the sympathetic nerves to which the symptoms 
of cholera are due, how does this bring us nearer to the 
knowledge of what causes these particular disturbances ? 
By saying, or even by showing, that such and such a dis- 
turbance in the function of the cord and sympathetic 
causes such and such a symptom of disease, we are 
not one iota nearer the answer to the question, Why 
did such and such a disturbance take place? what has 
caused it? The answer to this one wants to know, but 
this is not supplied by Dr. Chapman. It is quite true 
that a great many conditions are required to favour the 
outbreak and spread of cholera, e.g. conditions of tem- 
perature, water, atmospheric disturbances, soil, &c., &c., 
but all these conditions may be present without producing 
cholera, or typhoid fever, or any other similar disease. 
Why? Because ¢he actual cause of the disease is absent. 
These two things, viz. secondary conditions favouring the 
outbreak and spread, and ¢he actual cause, must be kept 
separate ; but evidently Dr. Chapman has not arrived at 
this as yet. 

The chapters VIII. to XV. describe the various methods 
of treatment of the disease, and they form the most 
important part of the book. E. KLEIN 

Seaweeds, Shells, and Fossils. 
and B. B. Woodward. 
and Co 

THE object of this book is to give to the young English 
collector a general knowiedge how to set about collecting 
the more common seaweeds, shells, or fossils. 

In the first case the subject is dealt with generally, 
classifying the different seaweeds and stating where each 
is most likely to be found, and, when found, the best way 
to press them and get them ready for the cabinet, the 
most economical way of making or obtaining which is 
given. 

Secondly, shells are dealt with, descriptions and dia- 
grams being added where necessary, together with a table 
of the more important genera, showing the approximate 
number of species belonging to each genus, and their 
distribution. 

Thirdly, and lastly, different localities are pointed out 
where fossils are best found, and the best mode of 
arranging them in the cabinet. A table of the principal 
fossiliferous strata arranged in chronological order, with 
notes on the different formations mentioned in the table, 
and also of the principal divisions of the animal kingdom, 
are added to show the order in which the fossils should 
be arranged. S: 

By Peter Gray, A.B.S., 
(London: Swan Sonnenschein 

The Modernised “Templeton”, or, “The Practical Me- 
chanics Conpanion.” By William Templeton. Revised 
and Modernised by Walter S. Hutton, C.E. (London : 
Crosby Lockwood and Co., 1886.) 

TEMPLETON’S “ Mechanic’s Workshop Companion” is a 
work familiar to most mechanics and draughtsmen, having 
been considered for the last quarter of a century a useful 
book of reference by all connected with the management 
of engineering workshops and kindred trades. Books of 
this description require revising very often, and consider- 
ing the enormous development of the mechanical sciences 
during the last few years no one will wonder on hearing 
that even “Templeton” has to be modernised to keep 
pace with the times. 

The reviser tells us that he has endeavoured to follow 
as far as possible the lines of the original work, at the 
same time bringing all the information up to date. Much 
new matter has been added, giving information on air, 
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gas, water, and steam ; methods of testing steam-engines 
and boilers; turbines and other water motors; the 
strength and weights of material; and miscellaneous in- 
formation too numerous to give in detail. 

The work has for a frontispiece an illustration of the 
fine compound locomotive “ The Marchioness of Stafford,” 
designed by Mr. F. W. Webb, the able locomotive super- 
intendent of the London and North-Western Railway. 
On seeing this we are at once led to imagine that at last 
we have found a book giving recent data on locomotive 
engineering, and likely to fill a want seriously felt by 
those who study that most interesting branch of mechan- 
ical engineering. We are told to “see p. 360,” to which we 
turn hoping to find a section devoted to locomotive work, 
having Mr. Webb’s fine engine as an example of the 
latest advance. We find a third of a page giving the 
bare dimensions of the compound. Even the index makes 
matters no better, for the book contains no locomotive 
data whatever! Considering the thousands of mechanics 
engaged in this class of work, this is a great pity, and 
should be remedied in a future edition. 

An excellent abstract is given of the results of experi- 
ments on riveted joints, with special reference to practical 
work, by Prof. Alexander B. W. Kennedy. This is most 
interesting and useful, and will well repay careful study 
by those connected with the manufacture of soft steel 
boilers and bridges. 

The book contains all the usual tables, embracing every 
subject likely to be required by the intelligent mechanic 
or draughtsman, including extensive practical rules and 
data. Instruction is also given in the rudiments of arith- 
metic, algebra, and trigonometry. New ene 

LETTERS TO THE EDITOR 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space ts so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Foreign Fishery Boards 

In reference to recent statements in NATURE on this subject, 
it will interest your readers to know that in Italy the Govern- 
ment has constituted a Fishery Board, which, my friend Prof. 
Giglioli, of Florence, tells me, is actively employed in advising 
the executive and in inquiring into the grievances and difficulties 
of fishermen, and the suggestions for improvement of fisheries ; 
it has also recently, at the expense of the Government, taken 
practical measures in the stocking of lakes with fish, and in the 
cultivation of sea-fish. This Commission is a branch of the 
‘Ministry of Agriculture, Industry, and Commerce,” which 
corresponds to our Board of Trade. 7he members of the Fishery 
Commission, with the exception of the first three named below, are 
exclusively scientific men. They are as follows :—The Permanent 
Under-Secretary of State for Agriculture ; the Permanent Under- 
Secretary of State for Commerce ; a distinguished lawyer ; M. 
Minni, of Venice; Dr. Renier, of Chioggia (representing the 
fishermen of this island) ; M. Friedlander, of Comacchio (spe- 
cially acquainted with the peculiar fish-culture of this district) ; 
Prof. Giglioli, Florence: Prof. Targioni-Tozzetti, Florence ; 
Prof. Costa, Naples ; Prof. de Vincentis, Taranto ; Prof. Canes- 
trini, Padua; Prof, Pavesi, Pavia; Prof. Issel, Genoa. 

The Commission meets from time to time in Rome. The 
questions submitted to it are brought forward and referred 
separately to one or two members, who are requested to draw 
up a report on the particular subject thus referred. The report 
may take several months, and involve experiment or research, or 
it may be a simple matter. The report when presented is 
discussed by the whole Commission. The conclusions and 
recommendations which it embodies are modified by vote of the 
majority, and it is obvious from the constitution of the Board 
that the scientific experts have the voting strength. 

The members of the Board or Commission are paid travelling 
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expenses and 25 francs a day each during its sessions in Rome, 
or other fixed place of meeting. 

The constitution of this Board is admirable, since it secures a 
fair representation of the leading scientific men of Italy. The 
Italian Government does not, it seems, refer such questions 
exclusively to one individual, but endeavours to obtain a con- 
sensus of the scientific opinion of the country. 

Hotel de la Ville, Florence E. Ray LANKESTER 

Fabry’s Comet and Barnard’s Comet 

Nor having seen any mention of the rapid apparent growth 
of the tail of Fabry’s comet, probably some of your readers are 
not aware to how great a length it extended. On April 26 
occurred the first fine night after a very unusual series of over- 
cast ones, and about 14h. G.M.T. I was surprised to see the tail 
reaching up to, or at least to within 1° of, 5 Cassiopeia, a dis- 
tance of 38° from the place given in the ephemeris for the 
nucleus, which was far below the horizon; and the tail would 
doubtless have been’ visible to a greater distance but for the 
brightness of the Milky Way. The following night, about roh., 
it reached at least up to the Cluster in Perseus, a distance also 
of 38° from the predicted position of the nucleus; it was very 
narrow both nights. The next night, which was pretty fine, I 
failed to find any trace of the tail. 

The principal tail of Barnard’s comet is also very narrow : on 
May 1 its length was 44°, as seen with a pair of field-glasses. 
With the telescope this comet had also a faint tail 7/, about 16’ 
long, making an angle of 65° or 70° with the other. 

Sunderland, May 7 T. W. BACKHOUSE 

“« Pumice on the Cornish Coast” 

STEAMER-CINDERS, similar to those referred to by Mr. 
Whitaker in NATuRE for April 29 (p. 604), occur frequently on 
the Falmouth beaches ; but as there seemed to me little proba- 
bility of their being mistaken for pumice, I did not refer to 
the matter in my communication to your columns (April 15, 
Pp: 559): 

Mr. Murray tells me that the pumice I found is felspathic, 
and that from its form and diminished buoyancy it had evidently 
been a long time in the water. The fragment was sent by him 
to Mr. Whitaker, who at once recognised its true character and 
its distinction from the steamer-cinders observed by him on the 
Suffolk coast, one of which he sent to Mr. Murray to satisfy 
him as to their very evident source. H. B. Guppy 

95, Albert Street, Regent’s Park, N.W., May 8 

THE VELOCITY OF LIGHT 

Tf 

[A reinvestigation of this important constant has recently been 
published by Prof. Newcomb. Before we state his methods and 
results we think it well to reproduce the following admirable 
historical notice with which his monograph commences.—ED. | 

HEN it became clearly understood that vision was 
not an immediate perception of objects by the eye, 

but was produced by the passage of an entity called light 
from the object to the eye, the question of the time which 
might possibly be required for this passage became one 
of interest to physical investigators. The first proposal 
for an experimental investigation of this question is due 
t He suggested that two observers, each hold- 
ing a lantern, should be stationed at a distance apart, in 
sight of each other. Each should be supplied with a 
screen, by which he could, in a moment, cover or uncover 
his lantern. One observer should then uncover his lantern 
and the other uncover the other the moment he perceived 
the light from the first lantern. The interval which 

_ elapsed after the first uncovered his light, until he per- 
ceived the light of the second, would be the interval 
required for the light to go and come, plus the time 
required for the second observer to perceive the light and 
make the required movement. This experiment was tried 
by the Florentine Academy, and of course resulted in a 

_* Poggendorff, Geschichte der Phystk, p. 402, wh e i 
he Sage? of the Florentine ineidens i SS aa 

conclusion that the time required was insensible, since we 
now know that it was far below any interval that could 
have been detected by so rude a method. 

It is, however, interesting to notice that, rude though 
this experiment was, the principle on which it was based 
is the same which underlies one of the most celebrated 
methods used in recent times for the attainment of the 
same object. Two very simple improvements which we 
might have imagined the Academicians to make in their 
experiments are these :— 

Firstly, to dispense with the second observer, and in 
his place to erect a mirror, in which the first observer 
could see the image of his own lantern by reflection. The 
time required for the second observer to perceive the 
light and uncover his lantern would then have been 
eliminated from the problem. The interval sought would 
have been that between the moment at which the observer 
uncovered his lamp and the moment at which he perceived 
the reflection. 

Secondly, to use the same screen with which he un- 
covered his own lamp, to cut off the returning ray from 
the distant mirror, and thus obviate the necessity of an 
uncertain estimate of the interval between his muscular 
effort in removing the screen and his perception of the 
return flash of light. If the image was perceived before 
he could cover his own eye with the screen removed from 
the lamp, it would show that the interval of passage was 
less than the time required to make a motion with the 
screen. This interval might have been reduced almost 
indefinitely by having both lines of sight as near together 
as possible. 

Had these improvements been made, the Academicians 
would have had, in principle, Fizeau’s method of measur- 
ing the velocity of light by the toothed wheel, a tooth 
being represented by the screens. To realise the princi- 
ple more fully, the two lines of sight should have been 
rendered absolutely coincident by reflection through a 
telescope. It does not, however, appear that any effort 
to put the question to a severer test was made until the 
subject was approached from a different point of view. 
It was probably considered that the passage was absolutely 
instantaneous, or, at least, that the velocity was above all 
powers of measurement. 

The subject was next approached from the astronomical 
side. In 1676 Roemer made his celebrated communica- 
tion to the French Academy, claiming that observation of 
the eclipses of the first satellite of Jupiter did really prove 
that light required time to pass through the celestial 
spaces.!_ He found 11m. to be the time required for light 
to pass over a distance equal to the radius of the earth’s 
orbit. Dominique Cassini, while admitting that the 
hypothesis of Roemer explained the observed inequality, 
contested its right to reception as an established theory, 
on the ground that the observed inequality might be a 
real one in the motion of the satellite itself. 

Continued observation showed that the time assigned by 
Roemer for the passage of light between the earth and sun, 
or “ the light equation ” as it is briefly called, was somewhat 
too great. In 1809 it was fixed by Delambre at 493°2s., 
from an immense number of observations of eclipses of 
Jupiter’s satellites during the previous 150 years. This 
number has been received as a definitive result with adegree 
of confidence not at all warranted. In 1875, Glasenapp, 
then of Pulkowa, from a discussion of all available 
eclipses of Jupiter’s first satellite between 1848 and 1870, 
showed that results between 496s. and sols. could be 
obtained from different classes of these observations by 
different hypotheses.* 

l Paris Memoirs, tome i. p. 212, and tome x. p. 575. 
2 (bid. tome viil. p. 47. Poggendorff (Geschichte der Physik, p. 656) quotes 

Maraldi as also contesting Roemer’s explanation on the ground that a similar 
inequality should be found depend.ng on the position cf Jupiter in his orbit. 
The ground here taken was quite correct, the enly fallacy being the 
assumption that such an inequality did not exist. 

This paper cf Glasenapp's was published cnly in the Russian language 
as an inaugural dissertation, and in consequence has never become generally 
known 
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As not a trace of Delambre’s investigation remains in 
print, and probably not in manuscript, it is impossible to 
subject it to any discussion.! 

The discovery of aberration by Bradley afforded an 
independent and yet more accurate method of determining 
the hght equation. We call to mind that the latter con- 
stant, and that of aberration, are not to be regarded as 
independent of each other, but only as two entirely 
distinct expressions of the same result. The constant of 
aberration gives a relation between the velocity of light 
and the velocity of the earth in its orbit from which, by a 
very simple calculation, the time required for light to pass 
from the sun to the earth may be deduced. 

It is remarkable that the early determinations of the 
constant of aberration agreed with Delambre’s determi- 
nation of the light equation, although we now know they 
were both in error by an amount far exceeding what was 
at the time, supposed p:obable. Struve’s value, 20"'445, 
determined in 1845 from observations with the prime 
vertical transit of Pulkowa, has been the standard up to 
the present time. The recent determinations by Nyrén 
being founded on a much longer series of observations 
than those made by Struve, and including determinations 
with several instruments, must be regarded as a standard 
at present. His result is :—? 

Definitive > value of the constant of aberration = 
“006, 

At the time Struve’s result was published there was 
an apparent difference of 1 per cent. between its value 
and that of the light equation determined by Delambre. 
The question then naturally arose whether the light 
equation, deduced on the hypothesis that the tangent of 
the angle of the constant of aberration was the ratio of 
the velocity of the earth in its orbit to the velocity of 
light, might not need correction or modification. This 
question cannot yet be considered as definitely settled, 
since the modifications or corrections might arise from a 
variety of causes. One of these causes is connected with 
a very delicate question in the theory of the luminiferous 
medium; a question which can be most clearly under- 
stood when placed in the following form :—It is a result 
of optical principles that a ray falling perpendicularly 
upon the bounding surface of a refracting medium retains 
its direction unaltered. Now, if this surface is carried 
along by the motion of the earth, and the light comes 
from a star, and it is desired that this surface shall be 
so directed that there shall be no refraction, must it be 
placed perpendicular to the /vwe direction of the star as 
freed from aberration, or to its afparent direction as 
affected by aberration? ‘The difference of the two direc- 
tions may exceed 20”, and since the index of refraction of 
glass exceeds 1°5, there will be a difference of more than 
10” in the direction of the refracted ray, according as we 
adopt one or the other hypothesis. Assuming that the 
standard direction would be perpendicular to the true or 
absolute direction of the star, it is easily shown that the 
constant of aberration determined in the usual way would 
be too large by a quantity depending on the ratio of the 
thickness of the objective to the focal length of the tele- 
scope. In an ordinary telescope the difference would be 
nearly one-hundredth of the total value of the aberration, 
and would, therefore, closely correspond to the discre- 
pancy between Delambre’s result from the satellites of 
Jupiter and the modern determinations of the constant 
of aberration. The question of this particular cause was 
set at rest by Airy’s experiments with a telescope filled 
with water, which showed that the result was independent 
of the thickness of the objective, and, therefore, that the 
apparent direction of the star was that on which refraction 
depended. 

If, in accordance with the undulatory theory of light, 
* The author could find no remains of this investigation among Delambre’s 

papers at the Paris Obser\atory. 
* Mémoires del Académie Impériale des Sciences de St. Pétersbour, “gy Vil. 

série, tome xxxi. No. 9. 
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| used to determine the second. 

we suppose the hypothetical entity called “the lumi- 
niferous medium” to be a substance, each part of which 
has its own definite and fixed location in space, then we 
must conceive that another unknown quantity may enter 
into the problem, namely, the motion of the heavenly 
bodies through this medium. We have relative motions 
in the solar system, exceeding 50 kilometres per second, 
and possibly greater relative motions among the stars. 
Now it is clear that the heavenly bodies cannot all be at 
rest relative to the medium, but must move through it 
with velocities at least of the order of 50 kilometres per 
second, and possibly greater without limit, since it is con- 
ceivable that the whole visible universe might be moving 
in a common direction relative to the medium. 

It is easily seen that if we suppose the velocity of the 
earth, through the medium, to have a small ratio, a, to the 
velocity of light, then the observed constant of aberra- 
tion may be altered by an amount found by multiplying 
its value by a quantity of the order of magnitude of a. 
This alteration would be entirely insensible if the earth 
does not move through the medium with any greater 
velocity than it does around the sun, since the value would 
then be only yodo9- It is remarkable that so far as yet 
investigated every optical effect arising from such a motion, 
which could be measured on the surface of the earth, is 
of the order of magnitude of the square of a. Thus, no 
phenomenon has yet been discovered which can be traced 
to the motion in question. 

Assuming that there is no general motion of the solar 
system through the ether of a higher order of magnitude 
than that of the relative motions of the fixed stars to each 
other, and that the ordinary theory of aberration is correct, 
there will be three constants between which a relation 
exists, such that when any two are found the third can be 
determined. These constants are :— 

The distance of the sun in_ terrestrial 
measure ; 

2. The velocity of light in units of the same measure ; 
and 

3. The constant of aberration, or, which is supposed to 
be equivalent, the light equation. 

Until our own time the first and third constants were 
From the fact that light 

required about 500 seconds to traverse the distance from 
the sun to the earth, and that the distance of the sun was, 
as supposed, 95,000,000 of miles, it was concluded that 
light moved 190,000 miles per second. The hopelessness 
of measuring such a velocity by any means at the com- 
mand of physicists was such that we find no serious 
attempt in this direction between the date of the futile 
effort of the Florentine Academy, and that of the 
researches of Wheatstone, Arago, Fizeau, and Foucault 
nearly two centuries later. One of the most curious 
features presented by the history of the subject is that 
two entirely distinct methods, resting on different princi- 
ples, were investigated and put into operation almost 
simultaneously. The revolving mirror of Wheatstone, 
and its application to determine the duration of the 
electric spark and the velocity of electricity, come first in 
the order of time. But, before this ingenious instrument 
had been applied to the actual measurement of the velocity 
of light, Fizeau had invented his toothed wheel, by which 
the same object was attained 

Fizeau’s paper on the subject was presented to the 
Academy of Sciences on July 23, 1849.1 We have already | 
shown that his method and that of Galileo rest funda- 
mentally upon the same principle. _The arrangement of 
his apparatus was substantially as follows :— 

A telescope was fixed upon a house at Surésne pointing 
to the hill Montmartre. On this hill was a second fixed 
telescope looking directly into the first, the distance 
between them being about 8633 metres. In the focus of 
this second telescope was fixed a smal] reflector, so that 

* Comptes rendus, Vol. Xxix. 1849, Pp. 90- 

units of 
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a beam of light from the first would be reflected directly 
back to it. By means of a transparent glass, fixed in the 
eye-piece at an angle of 45°,a beam of light was sent 
from the first telescope to the second, and, on its return 
through a total distance of 17 kilometres, could be 
seen as a star by an eye looking through the fist. 
Alongside the eye-piece of the latter a revolving wheel, 
with 720 teeth cut upon its circumference, was fixed in 
such a way that the beam of light both in going and 
coming had to pass between the teeth. When the wheel 
was set so that the tooth was in the focus, the beam would 
be entirely cut off in its passage through the telescope. 
Changing the position of the wheel through half the 
space between the middles of two consecutive teeth, the 
light would go and come freely between the teeth. When 
the wheel was set in revolution a succession of flashes 
would be sent out. If, on the return of each flash, a tooth 
was interposed, it would be ‘invisible to the eye looking 
through the telescope. Fizeau found that with a velocity of 
12°6 turns per second each flash which went out was on its 
return cut off by the advancing tooth. With a velocity 
twice as great as this it was seen on its return through 
the opening next following that through which it went. 
With three times this velocity it was caught on the second 
tooth following, and so on.! 

This experiment of Fizeau was soon followed by the 
application of the revolving mirror of Sir Charles Wheat- 
stone. Shortly after measuring the duration of the 
electric spark this investigator called attention to the 
fact that the same system could be applied to determine 
the velocity of light, and especially to compare the velocities 
through air and through water. In 1838 the subject was 
taken up by Arago, who took pains to demonstrate that 
it was possible, by the use of the revolving mirror, to 
decide between the theory of emission and that of undula- 
tions by determining the relative velocities inair and in a 
refracting medium.” 

The difficulties in the way of securing the necessary 
velocities of the mirror and of arranging the apparatus 
were such that Arago never personally succeeded in 
carrying out his experiments. This seems to have been 
done almost simultaneously by Foucault and Fizeau 
about the beginning of 1850. Both experimenters seem 
to have proceeded substantially on the same principle and 
to have reached the same result, namely, that the motion 
of light through water was slower than through air in the 
inverse proportion of the indices of refraction of the two 
media.* 

An important and most necessary modification of 
Arago’s plan was made by these experimenters. As 
originally proposed, the plan was to send an instan- 
taneous flash of light through water and through the air, 
and to receive it on the revolving mirror and determine 
the relative deviations in the positions of the images 
produced by the two rays. This system would, however, 
be inapplicable to the measurement of the actual time of 
transmission, owing to the impossibility of making any 
comparison between the time at which the flash was 
transmitted, and that at which it was received on the 
mirror. This circumstance would, indeed, have rendered 
the actual realisation of Arago’s project nearly impossible 
for the reason that the flashes of light, seen through the 
water, would have reached the mirror at every point of 
its revolution ; and only an exceedingly small fraction of 
them could have been reflected to the eye of the observer. 
This difficulty was speedily overcome by Foucault and 

2 It is curious that the author's account of this remarkable experiment, 
which forms an epoch in the history of physical sc.ence, is contained within 

_ the limits of two pages, and terminates without any definite discussion of the 
results. It is merely stated that the result is 70,948 leagues of 25 to the 
degree, but the velocity, in kilometres, which must have been that first 
obtained, is not given, nor is it stated what length the degree was supposed 
to have in the computation. 

* Comptes rendus, 1838, vol. vii. p. 954; Geuvres de Frangois Arago, 
vol. vii. p. 569. 

3 Comptes rendus, xxx. 1850, pp. 551 and 771. 

Fizeau by a most ingenious arrangement, of equal import- 
ance with the revolving mirror itself. Instead of sending 
independent flashes of light to be reflected from the 
mirror, a continuous beam was first reflected from the 
revolving mirror itself to a fixed mirror, and returned 
from the fixed mirror back on its own path to the revolving 
one. A succession of flashes was thus emitted as it were 
from the fixed mirror, but their correspondence with a 
definite position of the revolving mirror was rendered 
perfect. Moreover, by this means, the image was rendered 
optically continuous, since a flash was sent through and 
back with every revolution of the mirror, and after the 
velocity of the latter exceeded 30 turns per second, the 
successive flashes presented themselves to the eye asa 
perfectly continuous image. 

It was not until 1862 that this system was put into 
operation by Foucault for the actual measurement of the 
velocity of light through the atmosphere. A new interest 
had in the meantime been added to the problem by the 
discovery that the long-accepted value of the solar parallax 
was too small, and that the measurement of the velocity 
of light afforded a method of fixing the value of that 
constant. The central idea of the method adopted by 
Foucault was that already applied in comparing velocities 
through different media. The element sought is made to 
depend upon the amount by which the revolving mirror 
rotates while a flash of light is passing from its surface to 
the distant reflector, and coming back again. As the 
details of Foucault’s method will be best apprehended by 
a comparison of them with those adopted in the present 
investigation, a complete description of his apparatus will 
here be passed over. It may, however, be remarked, that 
what he sought to observe was not the simple deviation 
of a slit, but the deviation of the image of a reticule. The 
deviation actually measured was 0°7 millimetre, and the 
system adopted was to determine at what distance, witha 
definite velocity, this amount of deviation could be 
obtained. His result for the velocity of light was 298,000 
kilometres per second. 

The next measures of the element in question were 
those of Cornu. The method which he adopted was not 
that of the revolving mirror, but Fizeau’s invention of the 
toothed wheel. His earlier measures, made in 1870, and 
communicated to the French Academy in 1871, led to a 
result nearly the same as that of Foucault! This result 
was, however, not so satisfactory that the author could 
record it as definitive. He, therefore, in 1874, repeated 
the determination on a much larger scale and with 
more perfect apparatus. The distance between the two 
stations was nearly 23 kilometres, and therefore much 
greater than any before employed. He was thus enabled 
to follow the successive appearances and extinctions of 
the reflected image to the thirtieth order; that is, to 
make fifteen teeth of his wheel pass before a flash returned 
from the distant reflector, and to have it stopped by the 
sixteenth tooth. 

This method has a defect, the result of which is evident 
by an examination of Cornu’s numbers. It is that the 
extinctions and reappearances of the light as the wheel 
changes its speed are not sudden phenomena, occurring 
at definite moments, but are so gradual that it is difficult 
to fix the precise moment at which they occur. Of this 
defect the able experimenter was fully conscious, and his 
discussion of the disturbing causes which come into play, 
and of the amount of error due both to the apparatus, 
the observer, and to the method of eliminating them, 
form altogether one of the most exhaustive discussions of 
a physical problem.? But the uncertainties are not of 
a kind which admit of complete investigation, and it now 
appears that although his result was far superior in point 
of accuracy to that of Foucault, it was nevertheless in 
error by about ooo15 of its whole amount. It was, in 

i Comptes rendus, vol. \xxiii. 1871, p. 857. Fos 
2 Annales de |’Observatoire de Paris, Mémoires, tome xiul. 
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fact, when reduced to a vacuum, 300,400 kilometres per 
second, while we may now regard it as well established 
that the true velocity is less than 300,000. 

The next determination of the velocity of light was 
that of Michelson,! whose result was 299,910 kilometres 
per second. His investigation being a part of the first 
volume of the present series need not be here discussed, 
but it is worth while to remark that his method seems 
far superior in reliability to any before applied. 

An attempt has been made by Messrs. James Young 
and George Forbes to improve Fizeau’s method, by 
diminishing the uncertainty arising from the gradual 
extinction of the visible image.’ By the method of these 
experimenters the result depends, not upon the moment 
when the image disappears, but when two images, side 
by side, are equal in brightness. This is effected by 
employing two reflectors, at unequal distances, but nearly 
in the same line from the telescope, to return the ray. 
Each reflector then forms its own image in the field of 
view of the sending telescope. With a regularly increas- 
ing velocity of the toothed wheel, each image goes inde- 
pendently through the same periodic series of changes as 
when only one mirror is used ; but owing to the unequal 
distance the period is not the same. If the speed of the 
mirror be carried to such a point that the difference of 
phase in the two images is half a period, then one image 
will be increasing while the other is diminishing, and the 
stage at which the two images are equal would appear to 
admit of fairly accurate determination. 

The distant reflectors were separated from the observing 
telescope by the Firth of Clyde. The distances were 
respectively 16,835 feet, and 18,212 feet. A study of the 
printed descriptions of their experiments gives the im- 
pression that the performance of the subsidiary parts of 
the apparatus was not suchas to do justice to the method. 
The resulting velocity of light was 301,382 kilometres 
per second, and the difference between the extreme 
results of twelve separate determinations was 4000 
kilometres. 

‘The most important result of the work of these gentle- 
men, could it be accepted, would be the establishment of 
a difference between the velocities of differently-coloured 
rays. We may regard it as quite certain, from the 
absence of any change in the colour of the variable star, 
8 Persei, while it is increasing and diminishing, that the 
difference between the times required by red and by blue 
rays to reach us from that star cannot exceed a moderate | 
fraction of one hour. It is quite improbable that its par- 
allax is more than o’1, and therefore probable that its 
distance is 2,000,000 or more astronomical units. The 
possible difference between the velocities in question can, 
therefore, only be a small fraction of the hundred-chou- 
sandth part of either of them. No apparatus yet devised 
would suffice for the measurement of a difference so 
minute, and we are justified in concluding that the phe- 
nomena observed by Messrs. Young and Forbes arose 
from some other cause than a difference between the 
velocities of red and blue rays. 

The present determination had its origin as far back as 
1867. In his “Investigation of the Distance of the Sun,” 
published in that year, the author introduced some 
remarks upon Foucault’s method, and pointed out the 
importance to the determination of the solar parallax of 
repeating the determination of Foucault on a much larger 
scale, with a fixed reflector placed at a distance of three 
or four kilo netres.* 

From that time forward the subject excited the atten- 
tion of American physicists, several of whom formed 
plans, more or less definite, for executing the experiments. 
As, up to the year 1878, no important steps in this direc- 

7 “ Astronomical Papers of the American Ephemeris,”’ vol. i. partiii. Owing 
to anerror in applying one of the corrections the result was given as 299.042 
kilo netres. 

? Philosophical Transactions {or 1882, p. 231. 
3 Washington Jbservations, 1865, Appendix ii. 

tion had been taken, the author, in April of that year, 
brought the subject before the National Academy of 
Sciences, with the view of eliciting from that body an 
expression of opinion upon the propriety of asking the 
Government to bear the expenses of the work. The 
subject was referred to a Select Committee, who,in January, 
1879, made a favourable report on the subject, which was 
communicated to the Secretary of the Navy. On the 
recommendation of the Secretary, Hon. R. W. Thompson, 
Congress, in March following, made an appropriation of 
$5000 for the purpose, and the author was charged by the 
Department with the duty of carrying out the experi- 
ments. 

In the meantime it became known that Mr. Michelson 
had made preparations for rep2ating Foucault’s deter- 
mination at his own expense, with the desirable improve- 
ment of placing the fixed reflector at a considerable dis- 
tance. But before the reliability of Mr. Michelson’s work 
had been established, the preparations for the present 
determination had been so far advanced that it was not 
deemed advisable to make any change in them on account 
of what Mr. Michelson had done. The ability shown by 
the latter was, however, such that, at the request of the 
writer, he was detailed to assist him in carrying out his 
own experiments, and acted in this capacity until Sep- 
tember 1880, when he accepted the Professorship of 
Physics in the Case Institute, Cleveland, Ohio. After the 
departure of Mr. Michelson his place was taken by 
Ensign J. H. L. Holcombe, U.S.N., who assisted in 
every part of the work to the entire satisfaction of the 
projector until its close. 

PANCLASTITE 
R. SPRENGEL has sent us a reprint of a note sent 
by him to the Chemzca/l News on this subject. After 

showing that these new explosives, so named by Mr. Turpin, 
are not original, he continues:— _ 

“The ‘beau idéal’ of a detonating explosive is a mixture 
of 8 parts (88°9 per cent.) of liquid oxygen and I part (11°1 
per cent.) of liquid hydrogen. 

“In my paper of 1873 I say, p. 799 :—‘ On referring to 
the foregoing table the reader will be reminded that per- 
oxide of hydrogen is the highest oxygen compound known, 
while nitric anhydride is the compound which contains 
the largest amount of oxygen available for combustion 
(74 per cent.). But as this compound, as well as the next 
two, nitric peroxide (69°5 per cent. oxygen) and tetranitro- 
methane (65°3 per cent. oxygen) are ; at present: on 
account of their nature and their difficult preparation, 
mere chemical curiosities, my attention naturally turned 
to the fourth, to z¢r?c acd (63°5 per cent. oxygen), which 
is a cheap and common article of commerce.’ : 

“ Now, when Mr. Turpin’s attention turned to the second 
oxidiser on my list—to nitric peroxide—he found that this 
substance does wo¢ corvode metals, such as iron, copper, 
and tin under 356° F. (180° C.) ; and further, that com- 
bustible liquids, such as petroleum, carbon bisulphide, and 
nitro-benzene are readily soluble in nitric peroxide we¢h- 
out rise of temperature. These are valuable properties, 
Jirst noticed by Mr. Turpin. 

“What was formerly a chemical curiosity is now an 
article of commerce. Nitric peroxide may be bought 
to-day at eighteenpence the pound, and I see ways and 
means of producing it a great deal more cheaply. Nitric 
peroxide is a yellowish liquid, heavier than water (sp. gr. 
= 1°451), and boils at 71° F. (22° C.), but may be kept like 
ether or similar volatile liquids. In France itis sent about 
in tinned-iron cans. 

“ Taking as a typical example a benzene-mixture— 

CyHy = 184 = 7° | _ 626 CO, 
568 oJ Wi2zoH sO 

74(N Oz) _— = 34°8N 
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_ we see, that the 184 parts of benzene require 56°8 parts 
of oxygen for the oxidation of their carbon and hydrogen 
to carbonic acid and water. This oxidation or combustion 
takes place at the moment of explosion at the expense of 
the 56°8 parts of oxygen, contained in the rest of the 
mixture—the 81°6 parts of nitric peroxide. No other ex- 
plosive now in use (including blasting gelatin) contains 
weight for weight a greater amount of combustible matter, 
and as an explosion of ¢ese bodies is simply a sudden 
combustion, I again beg to draw attention to the fact that 
the oxygen available for combustion in gun-cotton is most 
probably not more than 32°3 per cent. and in nitro- 
elycerin 42°3 per cent.,' while in this case we have with- 
out a doubt 56°8 per cent. Hence no other explosive now 

in use can rival this and similar mixtures in power, as I 
published in 1873. They still remain the most powerful 
explosives known. 

“Tt hardly need be said that an explosive of this nature 
consists of two parts—an oxidising and a combustible 
agent--and that Mr. Turpin with the same waiveté lays 
claim not only to the first, but also to the latter half of 
the subject. 

“ None of my s7/ety-explosives are licensed in England, 
though many of them, when mixed, are much less sen- 
sitive to concussion than common gunpowder. 

“In April 1884 the French military authorities were 
busy near Rochefort with shells of the ‘systeme Turpin.’ 
These shells, so my informant said, were made of such a 
size, and possessed such a prodigious power, that a ship 
struck by one of them would inevitably be sent to the 

_ bottom of the sea, even were she the strongest ironclad 
afloat. It is devoutly to be hoped that those whose office 
it is to provide for the defence of the British Navy w2?/ 
be ready in the hour of need to serve out shells, filled 
with an explosive of equal force or better still with some- 
pare, Superior, approaching more closely the ‘beau 
idéal. 

MR. VERBEEK ON THE KRAKATAO DUST- 
GLOWS 

“AS it appears from the letter of Mr. Douglas Archi- 
bald in NATURE of April 29 (p. 604) that some 

doubt exists as to the quantity of volcanic dust ejected 
during the Krakatdo eruption in 1883, it may not be in- 

- Opportune to give an abstract of what Mr. Verbeek—the 
_ best authority on the subject—says in the second part of 
his book. The mistake in the number of cubic kilo- 
metres—which Dr. Riggenbach or his critic magnified 
from 18 into 150—may possibly have arisen from the 
comparison Mr. Verbeek draws between the quantity of 
volcanic substances ejected by the Tambora in 1815 and 

_ that ejected by Krakatao. 
| Junghuhn estimated the quantity of ashes ejected by 
the Tambora in Sumbawa at 318 cubic kilometres, but 
Mr. Verbeek reduces it by calculation to about 150, 
though he adds that the data are insufficient to form a 
really correct estimate. It is certain, however, that 
the quantity was considerably larger than that ejected 
by Krakatao. To calculate this quantity Mr. Verbeek 
made observations everywhere on the islands and 

_ along the coasts of the Straits of Sunda; while the 
thickness of the ashes which fell into the sea was 

| computed according to the difference in the depths 
of the sea before and after the eruption, a difference which 

| $reatly varies, and amounts in some places to 40 metres, 
if not more. Wherever some doubt exists for want of 
previous accurate deep-sea soundings, Mr. Verbeek gives 
a 

__* OF these, by the bye, only 38°8 per cent. can be utilised for want of fuel, 
as pointed out by me in my patent of 1871, and verified four years later by 
che force of Nobel's blasting gelatin, in which the excess of 3'52 per cent. 
‘oxygen is utilised by the dissolved gun-cotton, an explosive too rich in 

m. See Abbot's table, p. 17, in ‘The Hell-Gate Explosion near New 
de and so-called ‘ Rackarock,’ with a few words on so-called ‘ Panclastite,’” 

‘HH. Sprengel. London: E. and F. N. Spon, 1886. 

the lowest figures. These observations are all illustrated 
by maps. Mr. Verbeek estimates the quantity of ejected 
material which fell round the volcano at 18 cubic kilo- 
metres at least. The possible outside margin would, 
however, not exceed 3 cubic kilometres. Of this 
quantity, two-thirds, or 12 cubic kilometres, lies within 
a circle with a radius of 15 kilometres drawn round 
Krakatao, one-third, or 6 kilometres, outside it. Of the 
finer ashes a large quantity were already, during the first 
three days, blown into the sea, as appeared from observa- 
tions made on ships; and Mr. Verbeek assumes that 
considerably less than 1 cubic kilometre remained floating 
in the upper regions of the atmosphere. This quantity 
would correspond to a layer of o’002 millimetre thickness 
divided over the whole surface of the earth, or of o'004 
millimetre over the temperate zones only. 

Such an infinitesimally thin layer could hardly have 
been the principal cause of the atmospheric phenomena. 
They must be accounted for in a great measure by 
the large volume of aqueous vapour ejected by 
Krakatdo, the amount of which lies, unfortunately, 
beyond all calculation. We have to deal with two dis- 
tinct phenomena, as Prof. Michie Smith also has shown 
by the two different spectra, and these phenomena had 
different causes: thus, the blue and green tints of sun 
and moon, which were specially observed during the first 
month after the eruption, and only in places close to the 
equator, must be principally ascribed to the so/zd particles 
in the volcanic ash-cloud, as various observations have 
shown that these are the main cause of the special ab- 
sorption of the rays of light by which the sun appeared 
blue and green; the aqueous vapour may have increased 
the phenomenon, for it is known that the sun can look 
bluish through mist. It cannot be said to be a proof 
to the contrary that Mr. Lockyer saw the sun green 
through the steam which escaped from the funnel of a 
steamer, for probably a quantity of ash and soot-particles 
escaped from the funnel at the same time, and it is possible 
that the sun appeared green from that very fact. The steam 
was thus in the identical condition of our volcanic cloud. 
It was only in the beginning after the eruption, before 
the ashes had spread very far, and when, therefore, their 
density was greater, that they were able within a limited 
space to give green tints to the sun. This phenomenon 
ceased when the ashes were dispersed further round the 
globe—in the northern hemisphere by the south-west, in 
the southern hemisphere by the north-west winds—and 
when probably also a portion of them fell gradually on 
the earth. 

The crimson after-glows which soon followed the erup- 
tion were observed a¢ the same tzme over a much larger 
area than that within which the blue and green sun was 
geen at successive periods, and they are believed by Mr. 
Verbeek to have been caused mainly by the masses of 
aqueous vapour thrown out by Krakatao, and which formed 
the greater part of the volcanic cloud. This vapour, after 
condensing and freezing in the higher and colder regions 
of the atmosphere, produced the remarkably beautiful 
sunsets, while the ashes may have intensified the pheno- 
menon, besides serving as a centre of condensation for 
the vapour. The real cause of the crimson glows was 
therefore probably the same as that of the evening red, 
their intensity being a consequence of the extraordinary 
quantity of vapour in the upper regions emitted by 
Krakatao. 

THE PARIETAL EVE OF HATTERIA 

So little time ago, whilst engaged in work upon 
FHlatteria punctata, | found a curious sense-organ 

embedded in the substance occupying the parietal fora- 
men, but was unable at the time to examine the specimen 
further ; Prof. Moseley has kindly directed my attention 
to a short paper published in the Zoologischer Anzeiger 
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for March 29, 1886, by Von Henri W. de Graaf, “ Zur 
Anatomie und Entwickelung der Epiphyse bie Amphibien 
und Reptilien,” wherein are described briefly (1) the de- | 
velopment of the epiphysis, and (2) the structure of this 
part in the adult animal in certain amphibia and reptiles. 
An examination by means of sections at once revealed 
the fact that in Hatteria the epiphysis becomes modified 
in a manner more interesting than that found by Von 
Graaf to obtain in Anguis fragilis—the most modified 
form described by him. 

The epiphysis apparently arises as a hollow outgrowth 
from the roof of the third ventricle (region of thalamence- 
phalon), and in both amphibia and reptilia becomes 
divided into two parts—a proximal one remaining in con- 
nection‘ with the brain, and a distal bladder-shaped 

Gish hds 
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Fic. 1.—Longitudinal vertical secti 

from within outwards of the following layers:—(1) a 
layer which is not well marked (x), and which may pos- 
sibly be due to the shrinkage and clinging to the walls of 
the contents of the vesicle, fluid in life; (2) a layer of 
rods (R) embedded in dark brown pigment, the pigment 
being specially developed anteriorly at the part indicated 
by the letter K ; (3) a double or even triple row (IN) of 
nuclei ; (4) a clear layer (M) which scarcely takes stain, 
and may be called the molecular ; and (5) an outer layer 
(EN) of nuclei two or three rows deep. 

This structure will, so far, be seen to correspond closely 
with that of Anguis. 
a Posteriorly a nerve enters the eye, the fibres spreading 
round behind the vesicle; the rods may be observed 
giving off processes from their external ends, which in 
some cases appear to pass right through the layers (3), 

structure—the two becoming in most cases completely 

separated from each other. In Anguzs Jragilis Vou 

Graaf finds that the distal part loses all connection with 
the brain, and develops into a structure resembling a 
highly organised invertebrate eye with, however, the 
important and curious exception that no nerve is present. 

In Hatteria a still more interesting modification takes 
place, the distal portion being, as in Anguis, modified to 
form an eye ; but this, unlike that in the latter, is pro- 
vided with a well-marked nerve. 

Fig, 1 shows the structure of the eye. The whole 
is enclosed in a capsule of connective tissue (C) ; ante- 
riorly a lens (L) is present, composed of cells whose 
nuclei are very distinct. The lens forms the anterior 
boundary of a vesicle, the walls of which are formed 

C.T. 

on of parietal eye of Hatteria punctata. 

| (4), and (5), and in others to be connected in their 
| passage with the nuclei of these layers. 
| However, I hope in a very short time to publish a 
detailed account of the histological structure of the 
organ. . 

The capsule containing the eye is filled posteriorly 
with connective tissue (CT), in which breaks up and 
ramifies a blood-vessel which enters along with the nerve 
(BV). 

Fig. 2 represents somewhat diagrammatically a section 

single and lies exactly in the median line. A depression of 
the skin of the head occurs immediately over the parietal 
foramen, but does not lead down into this, which is filled 
up by a plug of connective tissue (Fig. 1, T, Fig. 2, PT), 
specially dense (D T) around the eye capsule. The nerve 

transverse to the parietal foramen, showing that the eye is" 
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is single, and leads downwards and backwards in the 
median line, being enveloped in the tissue passing from 
the foramen directly to the roof of the thalamencephalon. 

I have not yet actually traced the nerve itself into the 
brain, but it is difficult to imagine that it can possibly 
arise as a branch from a cranial nerve, being szzg/e and 
medianly placed, and, as just said, enveloped in the 
material running directly to the roof of the brain from the 
foramen. 

There can be little doubt that it represents the stalk 
connecting the distal with the proximal outgrowth from 
the roof of the thalamencephalon, this part having ap- 
parently disappeared in other reptiles and amphibia (so 
far as is yet known). 

This being the case it is extremely interesting to ob- 
serve that another instance will be added to that of the 
optic nerves in which an, at first, hollow outgrowth from 
the brain becomes solid and transformed into a nerve, 
and further that the latter, as in the former case, is con- 
nected with an organ of vision. 

Though it is difficult to imagine what can be the use 
of the organ in its present state, seeing it is deeply em- 
bedded in connective tissue—so deeply as almost to 

Fic. 2.—Transverse section through parietal foramen of Ha tera punctata. 
The part below the dotted line is situated within the parietal foramen. 

preclude the idea of its being affected by light—yet it is 
important as showing in the same animal eyes developed 
in both the vertebrate and invertebrate type as regards 
the arrangement of the layers. 

In connection with this subject, it is perhaps of interest 
to point out that in formation of the paired eyes in- 
vagination to form an optic cup takes place, whilst 

apparently it does not do so in the case of what may be 
called the farzetal eye. A little consideration shows that 

the relative position of the rods depends entirely upon 
this invagination. In both cases they are formed upon 

the inner surface of the wall in the position correspond- 
ing to the epithelium of the neural canal: but in the one 
‘instance they are, by decay of the outer wall of the 

| invaginated cup, placed apparently on the outside of the 
optic vesicle ; whilst in the other instance they are 
formed in a similar position, but, as no invagination takes 
‘place and subsequent decay of one wall, they line the 
cavity of the vesicle. According to this we must suppose 
that the part of the wall where the lens is present has 
either disappeared or become modified into this. 
_ We may further observe that in both types of eye the 
‘nerve enters into connection with the elements on the 

f 

i 

_ 

| back to the vicinity of the meridian. 

| graphy. 

surface opposite to that on which the rods are developed. 
In conclusion my thanks are due to Prof. Moseley for 

his kindness in drawing my attention to the subject, and 
to Mr. E. B. Poulton, of Keble College, Oxford, who 
kindly placed two specimens of Hatteria at my disposal, 
and to Mr. Beddard, of the Zoological Society, for the use 
of another specimen. W. BALDWIN SPENCER 

Anatomical Department, University Museum, Oxford 

NOTE.—Since writing the above I have found the eye 
present in several other lizards, notably in Iguana, 
Chameleo vulgaris and Lacerta ocellata, and have traced 
the nerve into the proximal part of the epiphysis. 

ASTRONOMICAL PHOTOGRAPHY ' 

OME attempts made last year at photographing the 
heavens by means of an instrument quite rudi- 

mentary having yielded good results, the director of the 
Paris Observatory gave orders for the construction of a 
special apparatus, the design of which is shown in the 
accompanying figure (Fig. 1). The mechanical part has 
been executed in a highly remarkable manner by our 
accomplished artist, M. Gautier; the objective is our 
own production. 

This new instrument is composed of two telescopes in 
juxtaposition inclosed in a single metallic tube in the 

| form of a parallelopiped, and separated from each other 
along their whole length by a narrow partition. 

One of the object-glasses, with an aperture of 024m. 
and a focal length of 36o0m., is intended for eye obser- 
vation, and serves as a pointer. The other, with an 
aperture of 0°34 m. and a focus of 3°43 m., is achromatised 
for the chemical rays, and serves the purpose of photo- 

The optical axes of these two objectives being 
parallel, every star kept in the centre of the field of the 
eye-piece belonging to the first telescope produces its 
impression in the centre of the sensitive plate of the 
photographic apparatus. 

The equatorial is mounted in the form called English, 
| that is to say, the centre of the tube rests always in the 
polar axis of the instrument. This arrangement allows 

| of a star being followed from its rising to its setting with- 
out involving the necessity of bringing the instrument 

Like a common 
| equatorial it is furnished with hour circle and circle of 
| declination, and with a clock movement keeping the 

, mounting. 
apparatus in operation for three hours without fresh re- 

There are, moreover, independent very slow 
movements, whereby the axis of the telescope can be 
kept on a fixed point in the heavens, notwithstanding 
some slight irregularity in the movement of the clock- 
work, the orientation of the telescope, or the variations of 
atmospheric refraction. 

The photographic objective—the largest ever yet pro- 
duced—is formed according to a simple achromatic 
system, and, though of an extremely short focal length, 
is able, without the use of any diaphragm, exactly to cover 
the very considerable field of 3° diameter. 

Although but very recently mounted, this apparatus has 
already availed for the performance of numerous tasks. 
On star photographs it is possible to distinguish traces of 
stars of the 15th magnitude, too feebly marked, however, to 
bear transference on paper. The stars of the 14th magnitude 
are reproduced with a diameter of 1/40 of a millimetre. 

It is obvious that such small points might be liable to 
be confounded with the impurities of the sensitive coat- 
ing if the precaution is not taken to multiply the sta- 
tionary points. Each star is formed by a group of three 
points constituting an equilateral triangle, each side of 
which is no more than 1/12 of a millimetre. To the 
naked eye these three points appear to merge into one, 
but on eximining them with the aid of a somewhat 

t From an article by the Brothers Henry in La Nature. 
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powerful lens the three points come out distinctly, and it 
is then an easy task to eliminate all that does not belong 
to the heavens. 

The construction of such a map, obtained by the 
apparatus as above described in three hours, would 
assuredly have demanded several months of assiduous 
labour by the ordinary processes. 

The following is the time of exposure requisite) to 
obtain the image of the stars.1 

Magnitude hatsms, * 6S: 
I © 0 0°005 
2 0 0 OI3 
3 0 0 003 
4 0 Oo 0°08 
5 = An eee cot a © 0 O72 
6 The extreme limit of magnitude atolra: 

of stars visible to the naked eye 5 
7 oe ee er ee a OO 13 
8 On Om 
9 O70 38 

10 eee poh dee = ae © 0 20 
II Mean magnitudeoftheasteroids 0 0 50 
12 rs a ae as o#)2) fo 
13 Oo) 5: 6 
14 Op1g 3.0 
15 The last of the stars visible with peas 
16 the aid ofthe great instruments 23 

All the above figures represent a minimum. To secure 
good reproductions on paper the time of exposure would 
hhave to be increased threefold. 

The above table shows that the time of exposure 
required in taking a star of the first, and that in taking a 
star of the last magnitude differ from each other as 
I: 1,000,000. (The relation adopted between the bright- 
messes of two consecutive magnitudes is 2°542.) 

Outside the construction of celestial maps, another field 
of study of great importance now created by photography 
may be cited, the discovery, namely, of the asteroids. 
The little stars fixing themselves on the plate as so many 
mathematical points, so to say, the planets are dis- 
tinguished therefrom, each by a little line perfectly defined 
indicating its proper movement in amount and direction 
during the time of exposure of the apparatus. It is in 
this way we have already succeeded in obtaining the 
trace of a small planet of the 11th magnitude which by a 
small line extremely well defined gave account of its 
march among the fixed stars. 

It will even be possible to study the movement of the 
satellites round their planet, and perhaps discover new 
ones. 

The study of the double and multiple stars will be 
greatly facilitated, and photography will be equally avail- 
able in the investigation of the parallaxes. 

Finally, photometry must be adduced as one of the 
branches of astronomy which will now be able to collect 
very valuable information through the utilisation of 
photography. 

In conclusion, it is worth while remarking how this 
fresh step in advance has sensibly enlarged the scope of 
man’s vision. In consequence of it we can now obtain 
the image of a star, which instruments of the same open- 
ing as those employed by photography would never of 
themselves have elicited out of their invisibility. 

PAUL ET PROSPER HENRY 

NOTES 

THE first soirée of the Royal Society this season took place 
last night. A large number of Fellows and visitors were present, 
and many objects of interest were exhibited. 

THE visitation of the Royal Observatory by the Board of 
Visitors is fixed this year for June 5. 

* For these results we have made use of the gelatino-bromide plates'of 
Monckhoven, 
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THE Royal Irish Academy is celebrating the centenary of its 
foundation this week. 

Dr. GILL, Her Majesty’s Astronomer at the Cape, has been 

elected Corresponding Member of the Imperial Academy of 
Sciences of St. Petersburg. 

THE fifty-seventh anniversary meeting of the Zoological 
Society was held on Thursday week. The chair was taken by 
Prof. Flower, LL.D., F.R.S., the President. The report of 

the Council on the proceedings of the Society during the year 
was read by Mr. P. L. Sclater, F.R.S., Secretary of the 

Society. It stated that the number of Fellows on December 31, 
1885, was 3193, showing a decrease of 62 as compared with the 

corresponding period in 1884. The total receipts for 1885 had 
amounted to 25,809/. 10s. 1d., being a decrease of 3129/7. as 
compared with the previous year. This decrease was mainly 

due to the falling off in the receipts under the head of admis- 
sions to Gardens, and in the amounts received for admission and 

composition fees from newly elected Fellows. The ordinary 
expenditure for 1885 had been 24,593/. 11s. 8d., against 

26,539/. 45. Id. for 1884. Besides that, an extraordinary ex- 
penditure of 491/. os. 6d. had been incurred, which brought up 

the total expenditure for the year to 25,0847, 12s. 2¢. The 

visitors to the Society’s Gardens during the year 1885 had been 

659,896, against 745,460 in 1884. The Davis Lectures on zoo- 

logical subjects, having been well attended during the past year, 
would be continued during the present season, beginning with a 

lecture on ‘‘ Pigs and their Allies,” by Prof. Flower, LL.D., 

F.R.S., on Thursday, June 3, at 5 p.m. The number of ani- 

mals in the Society’s collection on December 31 last was 2551, 

of which 756 were mammals, 1366 birds, and 429 reptiles. 

Among the additions made during the past year 21 were 

specially commented upon as of remarkable interest, and in 
most cases new to the Society’s collection. About 36 species 

of mammals, 15 of birds, and 4 of reptiles had bred in the 

Society's Gardens during the summer of 1885. The report 
concluded with a long list of the donors and their various dona- 

tions to the menagerie during the past year. 

WitH regard to the recent-explosion of the 43-ton gun, it is 

fortunate that it has happened without loss of life. Competent 

authorities, as seen from Col. A. Moncrieff’s letter (which we 

reproduce from the 7Zies) show that it could. How long 
are our gun factories to go on making guns condemned by 
easily-understood scientific principles? ‘* Col. Maitland’s in- 

teresting paper read at the Royal United Service Institu- 

tion on June 20, 1884,” Col. Moncrieff writes, ‘‘ published 

the process adopted at Woolwich in settling the types of 

the new steel breech-loading ordnance for the British ser- 

vice, as well as the proportions of the new guns on these 

types then in process of manufacture. Mr. W. Anderson’s in- 
vestigations, published in a lecture read before the Society of 
Arts on January 29, 1885, and also commented upon in the 

Engineer of February 6, 1885, clearly demonstrated that these 

guns were deficient in strength in front of the trunnions. It is 

a remarkable fact that several of the guns have now burst at the 
point and in the manner which could have been predicted by 
any one consulting Mr. Anderson’s demonstrated results. As 

the subject is of vital importance to the country, it would seem 

wise either to refute Mr. Anderson or accept his method and 

consult him ; his valuable service in having discovered the pre- 

yailing error and worked out this most difficult problem is too 
little known ; it would thus be utilised and acknowledged to the 

advantage of the service. By treating a gun as a heat-engine 
and accounting for every part of the energy generated by the 
explosion of the powder, he has, in a scientific and complete 

manner, proved that the metal crusher gauges from which the 

accepted curve of pressure is obtained are not to be relied on. 
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The form of the guns is adapted to the curve of pressure ; that 
curve, as shown by Col. Maitland at the Royal United Service 
Institution, is wrong ; the maximum pressure which is near the 
breech is known, but with the slow-burning powder in a long gun 

the total pressure, and the maximum pressure at any point of the 

bore, has never been accurately determined. If Mr. Anderson’s 

conclusions carefully arrived at by calculation are correct, these 
guns are out of proportion between the trunnions and the 
muzzle, where the bursts have all taken place. Another branch 

of the same subject is the measurement of the energy of recoil, 

of much importance in designing disappearing carriages. In this 

branch, I can answer for it, that Mr. Anderson’s conclusions 

tally with the practical result—a satisfactory proof of their cor- 
rectness. His discovery is of great practical value in making 

gun-carriages of all descriptions, and has changed, once and for 

all, the previously accepted formulze for the force of recoil given 

in the text-books, which often led to costly mistakes in ¢ onstruc- 

tion. Mr. Anderson has been trying, since the publication of 

his lecture at the Society of Arts, to induce the Government to 
test the correctness of his vievs by means of the Sebert veloci- 

meter, but without success. It must be admitted that in deter- 

mining so important a matter, one on which the efficiency of our 
ships and a large national expenditure depends, it should be the 
first desire of every one to secure without delay the highest scien- 

tific and practical experience within reach, and to consult men 
who have devoted special study and research to the subject.” 

On April 30 there took place in Paris, at the Ministry of 
Public Instruction, a meeting of French astronomers. M. Faye 

was in thechair. It was decided unanimously to build three 

photographing telescopes. One of these is destined for the 

Algiers Observatory. The destination of the others will be deter 

mined upon when finished. The construction will take eighteen 
months. : 

M. JANSSEN has terminated the installation of the tubes for 
analysing the influence of the atmosphere on spectroscopic 

analysis, absorbing power, &c. Their length is 100 metres, and 
they can be filled with gas under a pressure of 100 atmospheres. 
The light is supplied by a battery of 60 Bunsen elements. 
Experiments are conducted on nitrogen, oxygen, common air, 

&e. 

HERR PAuL von RITTER, who died at Basle, has left to the 

University of Jena a sum of 300,000 marks, to be employed for 
the furtherance of zoological studies. 

CANADA is nearly the only important British colony without its 
Goyernment Botanic Garden ; the identity of its flora with that 

of the Northern United States rendering such an establishment of 

much less value than in most of our colonial possessions. But 
for some years past leading Canadians interested in horticulture 

have been exerting themselves for the establishment of a Botanic 

Garden at Montreal. Through the co-operation of the authori- 

ties of McGill College and the Council of the Montreal Horti- 

cultural Society, this object is now secured, and the ‘‘ First 

Annual Report ” of the ‘‘ Montreal Botanic Garden ” is issued. 
The Garden is not yet in existence ; but a very favourale site 

of seventy-five acres has been secured in Mount Royal Park, a 

varied piece of ground admirably adapted for the purpose, on 
the s'ope of the beautiful mountain overlooking the city, from 
which it derives its name. An Act of Incorporation for the 
““Montreal Botanic Garden Association” has been obtained, 
wherein the objects of the corporation are stated to be ‘‘ By the 
medium of a Botanic Garden and other accessories, to promote 
research in forestry and economic botany, and advance the in- 
terests of technical and general botanical knowledge.” Among 
the means contenplated in the future for carrying out these 
objects we are glad to see the establishment of courses of lec- 
tures on special subjects and a laboratory for special research. 
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We wish every success to the new Association, which solicits 
contributions in trees, shrubs, seeds, and publications. 

Av the last general meeting of the Folk-Lore Society, Capt- 
Temple read a paper on the science of folk-lore. At the con- 

clusion he referred to terminology. Folk-lore, he said, is a fine 

English compound, but there is asad want of an alternative, if 
only for the sake of useful and necessary derivatives. Folk- 

lorist and folk-loric are not pleasant forms, but students have 
been driven to use both. He suggests some classically-formed 

synonym, such as demology, demosophy, or demonocy—the last 

for choice—capable of easy development into passable deriva- 
tives, as being of practical use. Dogma has been appropriated 
already, or dogmology might, he thinks, answer, and demodog- 

mology is too long. Dokeology and dokesiology, as the study of 
fanciful opinions, are also suggested. 

In a recent article in Za Nature M, Martel refers to a dis- 

covery which he has made in the prehistoric caves in Lozére. 
For fifteen years past Dr. Pruniéres has prosecuted his investi- 

gations into the dolmens and neolithic grottos of the gorges 
of the Tarn, and obtained some curious; results on 

the fusion of a race of the age of polished stones and of an 
invading race of the Bronze Age. Last year in the cave of 
Nabrigas, M. Martel found in immediate contact with the 

remains of at least two skeletons of the Ursus sfeleus, or great 
Quaternary bear, nine fragments of human skulls, cf which one 

left superior maxillary had three teeth, and a piece of rough 
pottery, not turned in a lathe. The question whether, in the 
Stone Age, man, the contemporary of the reindeer and the great 

bear, was acquainted with the use of pottery is much debated, 

eminent names being found supporting the negative as well as 

the positive. But (continues M. Martel) the curious point about 

the present find is that fifty years ago, before the birth of ‘‘ pre- 

has 

~history,’’ when the existence of even Quaternary man was con- 

tested, M. Joly found in this very cave of Nabrigas a fragment 
of a large vessel in contact with the skull of a fossil bear. M. 

Martel is strongly of opinion that the usual theory of the fortuitous 
contact of these objects does not apply here ; there is no trace 
of any disturbance, nor are any other neolithic objects found, 

the skull is in its natural position,—for these and other reasons 

he is persuaded that fossil man of the palzolithic age was 

acquainted with the potter’s art. 

THE fish-hatching seasoa at South Kensington, accounts of 
which we have published from time to time, is now drawing to 
a close, although there are still half a million fry on view at the 

Exhibition which have not yet absorbed their zwmdbilical sac. 
The various species of fish bred have been presented by the 
National Fish Culture Association to public waters in the 
vicinity of London and in the country, whilst the Fishery of the 
Association has been well stocked with fry. 

THe Thames Angling Preservation Society, which is ever 

ready to secure fresh supplies of fish for the Thames, have lately 

netted one of the ponds in Kew Gardens for this purpose. 

DurINnG the present week large consignments of fish have 
arrived at the aquarium of the Colonial and Indian Exhibition 
from the south coast and North Sea. The latest arrivals consist 
of cod, lings, haddocks, crustaceans of various species, grey 
mullet, bream, and Salmonide. A large Ascension turtle has 
also arrived in the tropical department, measuring 44 feet by 3 

feet. Considering the protracted period it was out of the water 
during transit, its condition on being placed in the Chelonian 
tank did not evidence the slightest signs of diminished vitality, 
which is another proof of the hardihood and tenacity of life 
possessed by this species. The turtle tank now contains twenty 
large specimens of the green and hawksbill kind, all of which 

seem in good health notwithstanding the artificial existence to 
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which they are subjected. In contiguity to the tank is a minia- 

ture beach whereon the turtle rest when out of water. A con- 
signment of turtle eggs is expected this week, which will be laid 

out in the hatchery on arrival for the purpose of incubation. 

Some West Indian tortoises have just arrived, together with a 
selection of snakes and lizards, which form interesting exhibits. 

In consequence of the inability of the Royal Commissioners to 

obtain Indian and Colonial fishes, the National Fish Culture 

Association have taken the matter into their own hands, and 

have made arrangements with the Zoological Society in Calcutta 
and other bodies for supplies of tropical and other piscatorial 

specimens, so that the aquarium will be supplemented with many 
rare and important specimens. 

Mr. Oris T. MAson’s account of the valuable Guesne col- 
lection of antiquities in Point-a-Pitre, Guadaloupe, which ap- 
peared in the Smithsonian Report for 1884, has recently been 

issued in separate form. ‘ The collection originated with M. 
Mathieu Guesne, whose series of Carib stone implements 

attracted considerable attention at the Paris Exhibition of 1867. 
Since then it has been continued, and all but completed, by the 

son, M. Louis Guesne, who has devoted nearly twenty years of 
assiduous labour to the task of rescuing from destruction all 

existing relics of the ancient Carib race in the Island of Guada- 
loupe. He has also applied his artistic skill to the illustration 
of these objects, filling two large albums with aquarelles in 
natural size and colour of all the types in his museum. From 

these sources Mr. Mason has mainly compiled the present 
account, which is enriched with no less than 215 carefully pre- 
pared woodcuts of the Point-a-Pitre collection, and of a few 
others introduced for the purpose of comparison, and to supply 
omissions in West Indian archeology. The collection includes 

roughly-worked stones, indicating an industry in its infancy ; 
and others so perfectly finished that it would be difficult to im- 
prove upon them either in design or workmanship. But all 
alike belong to what would be called the Neolithic period in 
Europe ; all the stone implements are polished, and there is not 
a single object of this class formed solely by being chipped. In 

fact, the volcanic materials of which they are made cannot be 

worked by chipping, like flint, quartz, or obsidian. Some, 

especially, of the axes are so small that they seem to belong to 
a race of pigmies, while others are so large and heavy that they 

suggest a generation of Titans rather than of human beings. 
Besides the movable objects, mention is made of enormous 

stones carved with strange designs resembling those described 

by Mr. Im Thurn in British Guiana, some so high up as to be 
almost out of reach, others close to the ground or buried under 

the surface. Similar inscribed stones occur in the beds of rivers 
in the Island of St. Vincent, the last refuge of the Caribs in the 
West Indies. 

HERR SCHOYEN, ina paper recently reprinted from the Zyans- 
actions of the Scientific Society of Christiania, describes a 
form of disease affecting the roots of growing barley, through 
which the farmers in Norway have of late years been suffering 

extensive loss. Contrary to the common opinion that the ravages 
due to this blight—which is popularly known as ‘‘ Krog,” crook, 
from the form of the deposits—were produced by an insect, 
Herr Schoyen maintains that this special barley-pest is a micro- 
scopic round worm, of the genus Tylenchus. After describ- 
ing the appearance and character of the parasitic germs, 

which are deposited at the extremities of the roots, 
where their presence speedily manifests itself by the wither- 

ing and death of the stalk before the grain can be set, he 
draws attention to the fact that similar deposits have been 
noticed on the roots of Zlymus arenaria, the bind-grass so 
frequent on the Scotch, as well as the Norwegian, coasts. This 

observation derives special practical importance from the cir- 
cumstance that at Lom, in Norway, where the barley crops have 

suffered most severely from the ‘‘ Krog,” the affected fields are 
in close vicinity to extensive tracts of Alymus arenaria. He 

proposes to continue his observations next summer with special 
reference to this point, but in the meanwhile he recommends as 
the only remedy available for the present that barley should not 
be re-sown on ground where the disease had manifested itself in 
the preceding season, nor in any locality where Elymus abounds. 
He finds that the bladder-like egg-cases of Zy lenchus hordet 

can be thoroughly desiccated without destroying the inclosed 
worms. 

SOME interesting statistics of the Japanese press have lately 
been published in the Oesterreichische Monatsschrift fiir den 

Orient, in which the newspapers and periodicals of Japan are 

arranged according to the subjects with which they deal. It 
appears that 37 publications are devoted to matters connected 
with education, and that these have a total circulation of 42,649 

per month. There are 7 medical papers, with a monthly circu- 
lation of 13,514; 9 relating to sanitary matters, with a circula- 

tion of 8195 ; 2 on forestry ; and 2 on pharmacy. There are 7 
devoted to various branches of science, with a circulation of 

2528 ; but to these must be added 29 engaged in popularising 

science, with a total circulation of 70,666. 

THE additions to the Zoological Society’s Gardens during the 
past week include a Purple-faced Monkey (Semmopithecus leuco- 

prymnus 8) from Ceylon, presented by Mrs. Larkins; a 

Brazilian Tree Porcupine (Sphingurus prehen.ilis) from Brazil, 

presented by Mr. J. E. Wolfe; two Sloth Bears (A@lursus 

ursinus & 2) from India, presented by Mr. H. Mainwaring; a 

Burmese Squirrel (Sczzrus atrodorsalis) from Burmah, presented 
by Mr. C. Crofton Black ; a West Indian Agouti (Dasyprocta 
cristata) from West Indies, presented by Dr. A. Boon, F.R.C.S. ; 

an Orange-thighed Falcon (Falco fusco-cerulescens) from Chili, 

presented by Capt. W. M. F. Castle, R.N.; five Senegal 
Parrots (Fwocephalus senezalus) from West Africa, presented by 

Mr. R. B. Sheridan; two Kestrels ( 7tveusculus alaudarius), 

British, presented by Mr. J. S. Malcolm ; a Wedge-tailed Eagle 
(Aguila audax) from Australia, presented by Mr, R. B. Colvin ; 

a Tuberculated Iguana (/gvana fuberciulata) from West Indies, 

presented by Mr. D. Morris ; seven European Tree Frogs (Ayla 
arborea), European, presented by Mr. Thompson Hudson ; a 

Californian Quail (Cad/ipepla californica) from California, a Her- 

ring Gull (Zarus argentatus), British, presented by Miss Hodge ; 
a Two-banded Monitor (Varanus salvator), two Rat Snakes 

(Ptyas mucosa), an Indian Cobra (Nata tripudians) from Ceylon, 

presented by Mr. Carl Hagenbeck; a Moorish ‘load (Bu/o 

mauritanica) from Italy, a Green Toad (Bufo viridis) from 

Malta, presented by Mr. Alban Doran, F.R.C.S. ; two Greek 

Tortoises (Zesudo greca), European, presented by Admiral 
Mellersh ; two Common Vipers (Vigera éerus), British, pre- 

sented by Mrs. Mowatt ; a Small Hill-Mynah ( Gracula religicsa), 

from Southern India, deposited ; a Hog Deer (Cervus porcinus), 

seven Long-fronted Gerbilles (Gerdil/us lougifrons), born in the 

Gardens. 

OUR ASTRONOMICAL COLUMN 

THE FLEXURE OF MERIDIAN INSTRUMENTS.—In a paper 
which forms Appendix III. to the ‘‘ Washington Observations 2 
for 1882, Prof. Harkness has made an exhaustive discussion. of 
the subject of flexure, and the means available for eliminating 
its effects from star-places. He discusses separately the flexure 
of transit instruments and of vertical circles. The former are 
divided into two classes, according as their telescopes are 
straight or bent, but it is in the latter form that the effects of 
flexure are by far the greatest, the flexure-coefficients being in 
some instances as much as 0’55s. Prof. Harkness shows that 
the effect of flexure cannot be satisfactorily eliminated from the 
concluded right ascension of a star by simply taking the mean of 
the four results obtained by observing it directly and by reflec- 
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tion with the clamp of the instrument both west and east. It is 
better in his opinion to determine for each instrument the 
necessary corrections to be applied by means of the methods and 
formulz explained in this paper. 

In discussing the flexure of vertical circles Prof. Harkness | 
compares Repsold’s method of eliminating the flexure, by inter- 
changing the object and eye-end of the telescope, with Bessel’s 
method of attaining the same result by observing a star both 
directly and by reflection with the clamp successively west and 
east, demonstrating the superiority of the latter method, which 
appears to be the most satisfactory procedure hitherto devised 
for freeing an observed declination from the effect of flexure. 

Prof. Harkness shows that when there are terms in the flexure 
depending on multiples of the zenith distance, they cannot in 
general be completely eliminated, and therefore that star-places 
derived from observations made with a single instrument are 
likely to be affected by systematic errors, which will appear 
when the work of different instruments is compared together. 
The detection and elimination of such errors can probably, 
Prof. Harkness thinks, be greatly facilitated by the use of equal 
altitude instruments of the zenith telescope class, which are so 
remarkably free from systematic errors. 

THE SPECTRUM OF FABry’s Comet.—M. Trépied having 
frequently observed the spectrum of this comet since April 7, 
gives (Comples rendus, vol. cii., No. 18) the following account 
of it. The three usual cometary bands were seen, and as the 
brightness of the spectrum allowed a fairly narrow slit, 0°2 mm., 
to be used, the coincidence of these bands with those of the 
hydrocarbon spectrum could be very satisfactorily verified. 
Besides these bands there was also a continuous spectrum, but 
the remarkable feature of the case was that although the nucleus, 
which was very distinct and of a truly stellar appearance, ap- 
peared very bright as compared with the neighbouring portions 
of the coma, the band spectrum given by these latter and by 
the tail was much more brilliant than the continuous spectrum 
of the nucleus. This circumstance, which was also observed by 
MM. Thollon and Perrotin at Nice, had been remarked by M. 
Trépied in Encke’s comet last year. He is therefore led to 
conclude that there is a predominance of gaseous elements in 
both these comets, and that, further, the relative brilliance of 
the nucleus of a comet is not necessarily in accord with the 
degree of condensation of the cometary matter. 

On April 14 the bright bands could be easily detected in the 
spectrum of the tail to a distance of 20’ from the nucleus. The 
total length of the tail was then more than 3°. 

Two New Comets.—Mr. W. H. Brooks, Red House Ob- 
servatory, Phelps, New York, discovered two new comets in the 
last week of April, the first on April 27, the second on April 
30. The former is described by M. Bigourdan as being on 
May 1 a round nebulous object, about 2’ in diameter, brighter 
towards the centre, but without a nucleus. The existence of a 
very faint nucleus was, however, suspected on the following 
night. On May 6 Lieut.-Col. Tupman estimated the comet as 
being of the 8th magnitude. Dr. H. Kreutz has computed the 
following elements and ephemeris for it :— 

1886 June 679585 Berlin M.T. 

202 55°68 } i 

2% = 191 48°58 > Mean Eq. 18860 
Z(= 87, 33103) 

log g = 9°40752 
LEphemeris for Berlin Midnight 

1886 R.A. Decl. Log 4 Brightness 
eens C ’ 

May 13 2 9 38 51 43°7 N. 01062 2°2 
17 2 30 25 47 52°2 0996 2°9 

2r 2 49 32 43 25°9 0931 471 
25 3 7 48 38 17°2 0865 6°2 
29 3 26 26 32 15°33 N. 0°0794 100 

The brightness on April 29 is taken as unity. 

The second comet is described (Astr. Nach. No. 2728) by the 
Baron von Engelhardt as being very bright on May 3, although 
the evening was misty. The comet was visible in a bright field, 
and showed a circular nucleus, from whence proceeded a brighter 
offshoot, 2’ in length, in the direction of the axis of the tail. 
The tail was 8’ in length and very bright, narrow at first, but 
broadening by degrees, and curved with the convex side towards 
the north. A secondary tail, 6’ in length, faint, and bending 

towards the south, forked off from the principal tail about 6’ 
from the nucleus. The following elements and ephemeris are 
by Dr. E. Lamp :— 

T = 1886 May 4°13040 Berlin M.T. 

wo = 37 5015) 
Q = 287 22°88 - Mean Eq. 1886:0. 
4 = 99 47753 | 

log g = 9°92518 
Error of middle place (O — C). 

dA = +0719 

Ephemeris for Berlin Midnight 

dB = — 0''02 

1886 R.A. Decl. Log + Log 4 Bright- 
h. m. s 3 a ness 

May I2 23 52 46 47 23:00N. 9°9326 9'9924 1°0 

14 0 5 38 51 238 9°9364 9°9980 o'9 
16 0 20 38 55 10°5 9°9410 070056 09 
18 0 38 9 58 39°8 9°9462 o'01l49 O'8 
20 o 58 38 61 49°5 9°9520 0'0255 o'8 

22 12215 64 35°6 9°9583 0°0373 0°7 
24 %I 49 21 66 558 9°9652 O'0501 0'6 
26 219 47 68 48-4 9°9725 0°0636 o'5 
25)  2E52 55s 7Onltey 99802 0°0775 0O'5 
30 «3:27 37 71 +S8N. 9 9881 o0918 0% 

The brightness on April 30 is taken as unity. 

New MINor PLANET.—A new minor planet, No. 258, was 
discovered on May 4 by Dr. Luther at Dusseldorf, R.A. 
15h. 20m., Decl. 9° 31’ S. ; daily motion, R.A. — 48s., Decl. 
7s map. ir. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 MAY 16-22 

(Pos the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Greenwich on May 16 

Sun rises, 4h. 8m. ; souths, 11h. 56m. 9°3s. ; sets, 19h. 44m. ; 
decl. on meridian, 19° 9’ N.: Sidereal Time at Sunset, 
1th. 22m, 

Moon (Full on May 18) rises, 17h. 51m. ; souths, 23h. 5m. ; sets, 
4h. 1om.* ; decl. on meridian, 11° 22’ S. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h. m. Gy 

Mercury 3 34 10 24 17 14 0° 72Ne 
Venus ... 2 48 9 4 15 20 2 29 N. 
Marsi nec lees 19 13 273% 8 57 N. 
Jupiter... TQy 525 ee eeOutO) 2 28* 253 N. 
Saturn .. ONS 7a eee LA eA9 gy ut 22 49 N. 

* Indicates that the setting is that of the following morning. 

Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 
angles from ver- May Star Mag. Disap. Reap texitoriphtiter 

inverted image 
h. m. h. m. a ° 

17 ... 9 Libre m5 (3 *) 22 LOW ee ou S2 64 240 
19 ... 24 Scorpii als © 37 near approach 167 — 
21 ... @ Sagittarii Gey 22 eel eee obi, 19 266 
22) ea BbeadG OOS Sm 0 5 2 near approach 206 — 

Variable Stars 

Star R.A. Decl. 
eee. a 4 h. m. 

¢ Geminorum 6 574... 20 44 N. ... May 20, 2 20 m 
WeVirginiss..) 7013209 2°35 Ss macs aRLETS M 
3 Libre wie 14 54°9 Yeckwmeres pq eh S77 
U Ophiuchi... 17 10°8 I 20N », 16, 0 44 m 

A sea: 
X Sagittarii... 174054) .... 27047 Sa ee eee lO ee ura 

en e22,OmmOMy 
W Sagittarii 17) 57.:8x2-029) 359s. 2. Oe mz Ny Re A ORAZ 
Blyre.. = 18 45:9)... 33, 14 Ne .20 955 oO; eO pon 
S Vulpeculz 19/4357 cos 27OLNe cee eenlics m 
n Aguile ons) LQ)A057) 505 Ole 7EINat eee eSyELO; mOMMOMa/2 
5 Cephei i) -22;824'5O) meaSe7) SOMN a eee amey meee Osman mzze 

M signifies maximum ; 7 minimum. 
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Positions of the Comet Barnard (for Berlin Midnight) 

May R.A. Decl. Log. 4 Brightness 
hm s C ’ 

16 2 20 49 28 ON. 9682 284 
18 2 35 41 23 17 9°637 318 

20 253 8 17 23 9°596 349 

GEOGRAPHICAL NOTES 

AMONGST the members of the mission proceeding from India 
to Tibet, under the charge of Mr. Colman Macaulay, are Col. 
Yanner, surveyor, Dr. Oldham, geologist, and Dr. Cunning- 
ham, naturalist. The expecition will leave Darjeeling about 
the end of the present month, and, marching through inde- 
pendent Sikkim, will cross the Jalepla Pass into Tibet. Its 
destination is Lhassa, the capital. Once only has this city been 
visited by an Englishman, Thomas Manning, and practically the 
whole route lies through a Zexva incognita. As Mr. Macaulay 
bears letters from the Chinese authorities, for which he madea 
special journey to Pekin last year, it is not anticipated that he 
will meet with any obstacles on his way to, or during his stay 
on, ‘*the roof of the world.” The three scientific members of 
his mission will find abundance of work to do, and the news of 
the progress of the expedition may be looked for with interest. 

THE new number of the Yownal of the Royal Asiatic 
Society (vol. xviii., part 2) contains an interesting article by 
Mr. Morison, of Tiflis, on the geographical distribution of Turki 
languages. The following isa summary. Dividing Turki into 
tive sub-branches—Turki proper, Nogai, Uigur, Khirghiz, and 
Yakut—he states that the various subdivisions of, first, Turki 
proper, are spoken by the ruling class of the Ottoman Empire 
and the inhabitants of Asia Minor, in the Governments of Nijni 
Novgorod, Kasan, Simbirsk, Viatka, and Orenburg, in Trans- 
Caucasia, and North-Western Persia ; the Nogai in Bessarabia, 
the Crimea, Cis-Caucasia, the Volga Delta, North-Eastern 
Daghestan, Terek Valley, the north-western shore of the Cas- 
pian, the Governments of Kasan and Simbirsk, Astrakan, 
Orenburg, and Ufa; the Uigur in Yarkhand and Chinese 
Tartary, the country of the Tekke, Zarafshan Valley, and 
generally in Central Turkestan, in the Khanate and Desert of 
Khiva and south of the Aral Sea, and in Kuldja; the Kirghiz 
from the Volga to the confines of Manchuria, but most compact 
in South-Western Siberia; and the Yakut in North-Eastern 
Siberia and on the northern slopes of Mount Sayan. Broadly 
speaking, says Mr. Morison, the Ugro-Altaic languages, of 
which Turki is one, are spoken over a region extending through 
more than 1co° of longitude, from the shores of the Adriatic to 
the Great Wall of China and the plateau of Tibet, and through 
35° of latitude, from the frozen steppes of Samoyede and Yakut 
to the plains of Northern Persia and the head-waters of the 
Indus. The Turki alone, according to the figures given, is 
spoken, in one or other of its various forms, by more than 
20,000,000 of people. 

THE Proceedings of the Royal Geographical Society for May 
contains a paper by Mr. Carles on his recent journeys in Corea, 
accompanied by a very useful map of the peninsula. Some 
account of these journeys has already appeared in Parliamentary 
Blue-Books, but much is added in the present paper. The 
writer refers to the many different types found amongst the 
Coreans of the present day; the facial characteristics of the 
people greatly resemble those of the Manchus, but Jews, 
Japanese, and Caucasians appear to be universally represented. 
There is also a curious reference to evidence of some forms of 
religion other than those imported from China in the 22770%, or 
half-length human figures carved in stone. Mr. Needham also 
contributes an account of an excursion to the Abor Hills from 
Sadiya in Upper Assam. 

Baron MIKLUHO-Mac tay has just returned to Odessa from 
his journey to New Guinea, which has lasted two years. He has 
brought a large collection of rare fishes, lizards, snakes, insects, 
and so on, packed in twenty-two boxes. 

ANOTHER Russian traveller, M. Goudatti, the Secretary of 
the Moscow Society of Friends of Natural Science, who has 
also just returned from his journey to the north of Siberia, gives 
a curious account of his failure to accomplish his purpose. 
The Ostiaks and Samoyedes took him for a Government official 
on a recruiting mission, especially when he attempted to measure 

their heads, and took notes in his note-book. Finally the book 
was stolen, and all the results of his efforts lost. ; 

Herr Rappe, who had started in January last with a scien- 
tific expedition from Tiflis to the Transcaspian region, writes 
from Askabad lately that this spring was very unfavourable for 
his researches, being three to four months later than usual. 
Therefore up to the middle of April he had not succeeded in col- 
lecting more than 35 species of plants and about 150 birds. 
Amongst these latter there is an interesting novelty, the P.cas 
sindiacus, a pretty bird living in the high shrubs of Zamarrx. 
The explorer intends to-proceed during the present month to 
the mountain region between the Murghab and Tejen, and to 
return to Askabad through Sarakhs. 

THE May number of the Scottish Geographical Magazine has 
an interesting article by Mr. Tripp on the physical configuration 
and rainfall of South Africa, with notes on its geology, diamond 
and coal-fields, and forests. The paper is accompanied by two 
maps showing contours and mean annual rainfall. A note by 
M. Dingelstedt on geographical education in the schools of the 
Caucasus shows that in Russia primary instructionin geography 
is as defective as in England. It is not made attractive, the 
writer complains ; it only taxes the memory ; the text-books are 
written to match, and few teachers are equal to the task of 
interesting their pupils in the subject. There are some inter- 
esting notes on the place-names of Kinross-shire by Mr. Liddall, 
and on the seaboard of Aberdeenshire, by Mr. Ferguson. The 
geographical notes are particularly copious and comprehensive, 

THE current number (Bd. xiii. No. 4) of the Verhandlungex 
of the Berlin Geographical Society contains only one paper—a 
lecture by Dr. Naumann on the Japanese Islands and their 
inhabitants. The Zeitschrift of the same Society (Bd. xxi. 
Heft 2) is mainly occupied by a paper of Dr. Schweinfurth’s on 
a journey which he made in the ‘‘ region of depression” around 
Fayoum at the commencement of the present year. It is 
accompanied by a map, and fills 53 of the 66 pages forming the 
number. ‘There is a short paper of great interest on the Maori 
population of New Zealand, based on the last census of that 
colony. The writer (who does not give his name) discusses the 
causes of the dying out of the race, and also the attitude of the 
Colonial Government towards the Maories. There is a note 
from Prof. Kunze on the climatology of South America, and, 
lastly, a long list of barometrical observations by Lieut. Francois 
in the Kassai region. 

THE SUN AND STARS* 

VI. 

Summary of Results 

[NX what has gone before we have found that the prominences, 
and the spots, have special spectra unlike the ordinary spec- 

trum of the sun, and unlike the spectra of the chemical elements. 
Further, we know that when we proceed outwards to the 

spectra of the inner and outer corona we find ourselves very 
little better off, for, with the exception of hydrogen, there is no 
substance which is perfectly familiar to us ; and finally, when we 
come to study the association of phenomena on the sun, we find 
that, exactly while the spots and prominences give us the 
greatest divergences from terrestrial conditions, solar facts indi- 
cate that these phenomena are allied in the most close and 
obviously important manner. We must henceforth consider 
that the spots and the metallic prominences and the facula 
represent different indications of the same solar action. 

Now, to continue this part of the inquiry is fundamental for 
us. It is almost impossible to see a large spot at the edge of 
the sun, which is the place for observing it best, without finding 
this downrush towards the photosphere answered, so to speak, 
by an uprush from below the photosphere—without finding this 
downrush of cool, absorbing, dark-and-widened-line-producing 
material, re-echoed by an uprush of bright-lined substance. 

There is one word which expresses, as well as anything 
I can think of, the impression which is made on one by the 
phenomena. There is a sf/ash. Imagine an enormous cauldron 
of liquid iron, as hot as you like. Play some water into it 
from a hose; there will be a splash. The water, of course, 

© A Course of Lectures to Working Men delivered by J. Norman Lockyer, 
F.R.S., at the Museum cf Practical Geology. Revised from shorthand 
notes. Continued from vol. xxxili. p. 543- 
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would be very violently heated ; we probably might get some 
explosions, and as the result of these explosions some liquid iron 
might be carried with the liquid water which has entered into 
the liquid iron here and there. The metallic prominences 
always are close to spots. They almost always follow them like 
the facule. I might have told you, in fact, while talking of 
this, that of Ir00 cases in which spots and facula: have been 
observed together, in 581 the faculz were to the left of, or behind 
the spots. Only in 45 were they on the right or in front. 
shall see the importance of this by and by. 

If we can invariably, as we do, associate the descent of material 
which, though we do not see it falling, we know is there, and that 
it is relatively cool—7f we can as:ocia’e these descending absorption- 
phenomena with a subsequ nt upward splash, we must look upon 
the most intensely active prominences as being return upward 
currents, though in some cases it may be that what we see as 
the spectrum of a prominence at the limb is, in part, that of 
the vapour descending to form a spot. 

’ 

We 

The Sunspot Pertoa 

The next thing we have to do is to discuss the periodicity of 
the various solar phenomena, to which attention has already 
been directed. It is worth while again to refer to the two very 
interesting and important curves in which Prof. Spérer has 
recorded the results of his own observations. 

When the spots are at their fewest the small number we do 
see begin in a high latitude N. or S., from 30° to 35°; as the 
spots increase in number and activity we get, at the maximum 
sunspot period, the chief appearances observed in middle lati- 
tudes—about lat. 18° ; and then the mean latitude of the spot zone 
still gets lower and lower, until at the next sunspot minimum 
we get two systems of spots—one of them, lowest in latitude 
(about 8° N. and S.), ending the first cycle, and another in lati- 
tude 30° beginning the next. These are the salient features of 
the periodicity to which we have now to confine our attention. 

It has been previously pointed out that there are other 
periodicities with a much shorter period than eleven years ; 
certain changes are seen to occur among the quiet prominences. 

Still this is the main periodicity with which we are familiar on 
the sun ; and what we have now to do is to endeavour to see 
whether we can follow all the phenomena in their changes. 

The two last maxima occurred in the year 1871 and eleven 
years afterwards in 1882 and some time after that year. At tho-e 
times we got the greatest amount of spotted area and the most 
intense solar action. Similarly the two last periods of minimum 
activity were in 1867 and eleven years afterwards in 1878. 
Now, in order to investigate this question in the most satis- 

factory manner, I think, and I doubt not you will agree with 
me, that we should begin with the simplest case. 

The Minimum 

The simplest case is evidently that in which the sun is 
quietest. At first sight it may appear a little hazardous to talk 
about the sun being at its quietest; but we know, as a matter 
of fact, that there is a tremendous difference at different times 
in the solar activity along the lines to which reference has been 
made, 

But in the light of what has already been stated let us sup- 
pose the sun at its yuietest, what phenomena shall we see? 

There will be very few of the ordinary tree-like prominences 
anywhere on the sun, and especially will there be a dearth of 
them near the poles and near the equator. 

There will be faculee, but the facule will be dim ; they will 
not present the bright appearance they generally do, and what 
there are will be mostly confined to the regions of latitude com- 
prised between 20° N. and 20° S.. 

If by means of a spectroscope we attempt to determine the 
chemical materials in the chromosphere, we shall find just those 
five lines only to which we have referred in the spectrum as 
ordinarily visible—that is, four lines of hydrogen, and one line 
named Ds. 

Practically speaking, there will be no spots visible upon the 
disk ; the disk will appear to be perfectly pure, almost equally 
illuminated throughout, barring always the darkening towards 
the limb. 

As there are no spots, or only very small ones in high lati- 
tudes, there will be, we can easily understand from what has 
gone before, no metallic prominences whatever. The spectro- 
sscope searching right round the limb of the sun will gather no 
ndications of violent action—no region giving us many lines— 

nothing but that simple spectrum of hydrogen to which I have 
already referred. 

What, then, is the appearance put on by the corona if we 
can manage to get an idea of a corona at the minimum sunspot 
period? We see, the moment that question is suggested, how 
excessively important it is that all eclipses should be observed, 
whether they occur at the maximum or the minimum of the 
solar activity. Fortunately, since the year 1860 these wonder- 
ful phenomena have been observed with more or less diligence ; 
and since the year 1871—that is fifteen years ago now—with 
few exceptions, not only have those eclipses been observed by 
the eye with great care, but photographs of the extremest value 
have been obtained. 

Unfortunately, that first minimum to which I have referred— 
the minimum in 1867—took place practically before the general 
introduction of this perfect photographic record of eclipses ; 
and there is no good photograph extant of that eclipse; but 
fortunately, good photographs were secured of the eclipse of 
1878. Youcan imagine our American cousins did not let an 
opportunity like that of advancing knowledge slip; and the 
result was that the whole land along the line of totality 
bristled with telescopes and cameras, which did their work in 
an adinirable way. So that in the eclipse of 1878 we did get a 
photographic record, that is to say, an absolutely trustworthy 
record, of the appearance presented by the sun’s corona at the 
minimum sunspot period. If it were not so, I should have 
hesitated to show you the drawing made in 1867 ; but I think you 
will say, when I show you these records together, that the draw- 
ing in 1867 is so like the photograph taken in 1878 that on that 
ground alone it is worthy of extreme confidence ; and if we can 
accord such confidence to it, we arrive at the very important 
conclusion that at two different sunspot minima the appearances 
presented by the corona were very much alike indeed. 

At the minimum period the chief feature is a tremendous ex- 
tension of the corona in the direction of the solar equator. At 
both the poles, north and south, there is a wonderful curving 

Fic 19.—Outcurv:ngs at the solar poles (: 878). 

right and left ; this outcurving having been one of the most 
exquisite things which it is possible to imagine. ’ 

There is further evidence indicating that the equatorial 
extension on the photograph may only after all have been a 
part of a much more extended phenomenon, one going to almost 
incredible distances—con-idering it as a solar atmosphere—from 
the sun itself. 

It has already been stated that at that eclipse one observer 
took extreme precautions to guard his eyes from being fatigued 
by the light of the inner corona, which sometimes is so bright 
that observers have mistaken it for the limb of the sun itself. 
What this gentleman, Prof. Newcomb did, was to erect a screen 
which covered the moon anda space 12’ high round it. The re- 
sult was, that as soon as he took his station at the commencement 
of totality, he saw a tremendous extension of the sun’s equator 
on both sides the dark moon, the extension being greater than 
that recorded in the photograph. It does not follow that the 
photograph gives us the totality of the extension; it may be 
that the extended portions may have been so delicately illumin- 
ated, that they would not impress their image on the photo- 
graphic plate in the time during which that plate was exposed, 
or that the light itself is poor in blue rays. _So considerable was 
this extension, amounting to six or seven diameters of the dark 
moon, which practically may be taken to be the same as that of 
the sun behind it, that Prof. Newcomb had at once suggested to 
him the zodiacal light. It happened that while this eclipse was 
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being observed by Prof. Newcomb and myself—we were practi- 
cally close together at a height of 7000 feet—other observers 
were viewing the eclipse from Pike’s Peak, some few hundred 
miles away, at a height of 13,000 feet. You can imagine the 
purity of the air at that height ; there was not too much of it— 
so little in fact that some observers had to go down. ‘These saw 
the corona very well indeed ; and one or two observers, without 
taking the precaution of putting up a screen, saw an extension 
almost comparable with that recorded by Prof. Newcomb. 

That, then, we must take to be the undoubted result arrived 
at during the eclipse of 1878, which happened at the last sun- 
spot minimum. We have a tremendous equatorial extension ; 
that is the great feature, and it is proved by photographs. 

The drawing made in 1867 gives us the same result. We 
again get the equatorial extension east and west, and the wonder- 
ful outcurving right and left from the sun’s poles. 

Hence, then, we must associate a corona of that kind, 7.e. 
having a considerable equatorial extension, with that quiet con- 
dition of things at the sun, during which metallic prominences, 
ordinary prominences, faculz, and spots show a minimum of 
activity. 

You will remember that we saw from the sunspot curve that 
from minimum to maximum it mounts rapidly, reminding one of 
a steep cliff. We have in fact only three years from minimum 
to maximum, while we have eight years from maximum to 
minimum. 

The Approach to Maximum 

We have then next to consider the solar condition between 
minimum and maximum. We must suppose ourselves to be 
half-way up the steep part of the curve that connects the maxi- 
mum with the minimum. In this case we find a greater activity 
in all directions. The hydrogen—or the quiet—prominences are 
more numerous. ‘The facule are brighter. If we now examine 
the chromosphere we find hydrogen and D? are not the only con- 
stituents—we get those other short lines added of which Prof. 
Tacchini has given us such a valuable list, among them chiefly 
being those three lines of magnesium which are designated 
6, 6°, 64. That is the chemical difference between the chromo- 
sphere of the sun at this time, and the first period at which we 
considered it. The spots also are more numerous, and what 
spots there are we have in a lower latitude ; instead of making 
their appearance in latitude 35°, they will be nearer latitude 25° 
—they will have come down ro” from the solar poles towaids 
the equator. These more numerous spots will also be constantly 
accompanied by metallic prominences, and the number of lines 
visible as bright lines in these prominences we shall find in- 
creasing as the observations are made month after month. 

Ifow about the outer atmosphere of the sun? Well, remark- 

able changes begin to take place in it too. In considering the 
minimum corona I said nothing about its spectrum, for the reason 
that I wished that wonderful bilateral and symmetrical and simple 
form to rivet the attention. But now it is right that I should say 
that one of the chief changes between this coronaas the maximum 
is approached and the minimum one is not only the change of. 
form to which I shall have to draw attention, but a change in 
the spectrum. At the minimum sunspot period the corona gives 
exactly, or very nearly exactly, the same spectrum as the lime- 
light or a jet of gas—we get very nearly a continuous spectrum. 
The chief difference between the spectrum of the corona, then, 
and the spectrum of the gas jet, is that in this continuous corona 
spectrum certain dark lines will be seen, but no very obvious bright 
lines are there. We therefore have to come to the conclusion 
that at the minimum the corona is not chiefly gaseous in its spec- 
trum, but that it consists of solid particles to a very large extent ; 
and that these solid particles are not only competent to reflect 
light, but that they actually do reflect light coming from the 
lower portions of the sun; and in that way we account for the 
presence of the Fraunhofer lines. 

But when we come to the second period we are now discuss- 
ing, these change to a very large extent ; the spectrum is no 
longer continuous ; bright lines begin to make their appear- 
ance, and with this coming-in of bright lines comes in a greater 
brilliancy. 

And then as to the form. The diagram is copied from a 
drawing taken in the year 1858, at exactly the right period to 
illustrate any change which may have taken p'ace on the ap- 
proach to maximum. Unfortunately it is not a photograph. 
Those who lectur2 in this theatre twenty or a hundred years after 
me wil! be under many better conditions than we are, because | 

they will have a more complete series of photographs to refer 
to ; but in the absence of photographs we must do the best we 
can. Strange though the drawing is, it brings together so many 
features seen in other eclipses, that there is very little doubt 
that it is near the truth. However that may be, it must be 
acknowledged that between the last drawing you saw and this 

Fic. 20.—Corona of 1878. 

there is a most enormous difference. The remarkable point 
about it is that we have no special feature in the equatorial 
zone : we get a streamer here with very strange outlines, and 
we get another there, but the point of this drawing is that we 
get in middle latitudes, north and south, four wonderful Iuminous 
cones, and the amount of light and structure in the corona has 
increased to such an extent, that that exquisite, that beautiful 
tracery and double curves—curves east and curves west—we saw 
at both poles at the minimum, are now hidden in a strong 
radiance. So much then for the second act, so to speak, inthis 
solar drama. 

The Maximum 

We next deil with the maximum period when all the solar 
forces are working full time, and when we get both in prominences 
and in spots, and indeed in every outcome of action that we can 
refer to, indications of the most gigantic energies at work, and 
the most wonderful changes produced ; energies and changes dis- 
played from one pole of the sun to the other. When we come 
to this period of enormous action, we shall find that, although it 
becomes more general in one sense, it is really more limited in 
another. 

The ordinary prominences, instead of clinging to the equator 
as they have done previously, are now found to be most frequent 
at the solar poles ; the faculee are brighter and more spread over 
the solar surface than they have ever been before. The chromo- 
sphere is richer in lines. 
The spots occupy broad zones, the mean latitude being in 

about 18° N. and S. No spots near the poles, no spots 
near the equator, but spots indicating enormous activity and of 
enormous area, surrounded by gigantic faculee, will be seen 
following each other in these zones. We shall find every one 
of these indicators of solar activity accompanied by enormous 
prominences. It is at this time we get the greatest velocities 
of upthrow in the prominences, and the grea%est indications of 
tremendous downward velocity in the vapours which form the 
spots. Itis at this time we get the spots riddled by bridges of 
intense brilliancy, full of veiled tints, red, yellow, blue, and 
violet, and all those other more delicate and beautiful phe- 
nomena described by M. Trouvelot and others, to which I 
have drawn attention. 

How about the outer atmosphere of the sun? What has 
happened to that? Here, fortunateiy, we have the photographic 
records of two years—of two maximum years—to study. In these 
records there is no doubt that we have a thing which is abso- 
lutely and truly solar, forthe reason that the photograph has un- 
doubtedly, I think, sifted out what may be considered as due to 
non-solar causes. I say this distinctly, because I was fortunate 
enough to see both of these eclipses, one in India, and one in 
Egypt, and certainly there were things which I saw with the 
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naked eye which one does not see in the photographs. 
consider the eclipse of 1871 first. 

We see in a moment that we have something here at the 
maximum sunspot period different from what we have had 
before. To compare it with the record of the preceding 
minima in 1867 and 1878. Instead of having streamers limited to 

We will 

the equator, they exist in high latitudes, and instead of having | 
them limited to four chief maxima, as we had in the year after 
the minimum in 1868, the energy is now so great that they 
practically extend to every part of the sun. 

The directions of the lines of force, as they may be called, 
are very various: there are straight rifts; there are curved 
boundaries ; here another streamer is curved bodily, and so we 
go on.. We must always remember that in this photograph 
what we see is, after all, a projection. We have the spherical 
moon in front of the spherical sun, from which these streamers 
project in all longitudes—some straight towards the earth, the 
tips of which are seen over or under the moon, some more side- 
ways from parts of the sun nearer to or further from the eye than 
the central section, so that the unravelling of the appearances is 
very difficult, especially if the eclipse happens when either the 
sun’s north or south pole is tipped towards us or away from us 
to the greatest extent. 

So much for 1871: in another eleven years we have 
another maximum—that of 1882—an eclipse seen in Egypt. In 
this case we find the activity more general than in the former 
one. The top and the bottom of the diagram represent the 
north and the south poles of the sun as before; but we see 
now that the streamers are more broken up, and furthermore 
that the rifts visible round the north and south pole at the 
previous maximum are entirely covered up—not that the rifts 
were not there, but that one could not see them in consequence 
of the extreme brilliancy of the streamers that were thrown 
towards the eye from the sun between us and the plane passing 
through the solar poles. 

Independently of that, it is easy to recognise that there is a 
tremendous family likeness between the photographs taken at 
both maxima, whereas there is the greatest possible difference 
between either of them and the drawings or photographs taken 
at the minimum sunspot period. If we accept that, that is a 
very great step gained. 

After Maximum 

We need not, after what has gone before, take up any more 
time, which is short, by discussing the gradual descent to mini- 
mum. I say the gradual descent because we know there are 
more years consumed in going from maximum to minimum than 
from minimum to maximum. 

Of course all the various energies slacken down, the mean 
latitude of the spots and metallic prominences still getting 
lower till they reach lat. 8° N. and S. ; then another series of 
spots breaks out in lat. 35° N. and S., and the whole story 
begins anew. 

Summary 

Now let us deal with the results we have arrived at. At the 
maximum period the continuous spectrum of the corona gives 
way alm)st entirely to a spectrum of bright lines. When I say 
gives way almost entirely, I mean so far as this: the striking 
thing when you observe the spectrum of the corona at the maxi- 
mum period is a series of brilliant lines, or of brilliant circles, 
according as we use a slit, or simply look through a 
prism, and the brilliancy of the spectrum seen between these 
lines or rings is small compared with the brilliancy of the 
lines or rings. That indicates that the temperature of the gases 
in the corona is greater than the temperature of the other sub- 
stances, and of course is very much higher than it is during the 
time of the minimum, when the gases do not make themselves 
visible, and, as I said before, the chief spectroscopic effect 
obtained is the continuous spectrum with dark lines here and 
there, showing that some part of the light is derived from cooled 
solid particles which can and do reflect light from the subjacent 
photosphere. 

To deal with results, and to bring them together as sharply as 
may be, we find, first, that the dimness of the light and absence 
of bright lines at the minimum shows that the outer atmosphere 
of the sun is cooler at the minimum sunspot period. When I 
was in America in 1878, at the period of minimum to which we 
have referred, I saw at once that the corona was not anything 
like so brilliant as I had seen it previously in 1871 in India. 
Eventually, when the observations came to be discussed, the con- 
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clusion arrived at was that the brilliancy was not one-seventh of 
what it was at the previous maximum. There is a very con- 
siderable difference which no one can mistake who observes one 
eclipse after another. 

Secondly, when the corona is thus cooler, and therefore 
dimmer, an extension in the plane of the sun’s equator is seen. 
A question arises here whether this extension is not seen at the 
maximum because the eye is so much affected by the very 
brilliant corona? That is a subject which will require to be 
investigated in subsequent eclipses. 

Thirdly, there are plenty of minor prominences at the mini- 
mum sunspot period ; there are no spots, or very few. 

Fourthly, the lower temperature, and therefore relative 
quiescence, of the solar atmosphere seems to depend on the 
absence of spots. That is an important matter; and the point I 
wish to make is this: the quietude cannot depend on the absence 
of prominences, because they are there—not so many of them, 
but still some prominences. 

Fifthly, when the spots begin in these higher latitudes, 30° 
or 35°, as we have seen, we get the first brightening of the 
corona. 

Sixthly, the coronal streamers follow the spots—by which I 
mean that the cones and coronal streamers put on their greatest 
intensity according as the spots have moved nearer to the equator. 
When we have the minimum sunspot period, you can hardly 
call that equatorial extension a streamer at all, because it is 
so very dim ; and further, I take it, it is really of a different 
nature and origin. 

The Circulation in the Sun’s Atmosphere 

If we make an attempt to discuss the circulation of the atmo- 
sphere, a question which we acknowledge to be an extremely 
difficult one, we must bear in mind the enormous difference 
between solar and terrestrial conditions. When a portion of 
the earth’s surface is heated in a whole zone—as the equator 
is in the tropics—by the sun, you see the heat is outside, an 
ascending current is formed, and winds from north to south set 
in. For instance, if we consider the equator, and suppose the 
sun to be over it, we get the earth’s atmosphere over that region 
more highly heated than those parts of the atmosphere near 
either pole; and the result is, we get an indraught current in 
that way, both from the northern and southern hemispheres. In 
consequence of these two currents meeting and beginning their 
ascent at some distance from the equator, we get a belt of calms, 
of reduced pressure, and we get almost perpetual rains. 

Now, you see. that is all very well as a piece of terrestrial 
meteorology, but it is of no value to us from the solar point of 
view, unless it sets us thinking how very different the conditions 
are. : 

The sun cannot be heated from the outside. We have seen, 
in fact, that one chief point about the sun is that it is cooled 
on the outside; that masses of gas going up to tremendous 
altitudes eventually arrive where the atmosphere is cold and 
quiet, and where they again take on the solid or liquid forms, 
when they begin to go downagain. Now the sun, if it is heated 
at all, must be heated from the inside. What do I mean by the 
inside? J mean—seeing that the phenomena we have been dis- 
cussing in these lectures take place outside the photosphere—that 
the inside must be something below the Jevel of the photosphere. 
Now what form must that heat take? It will take, as undoubt- 
edly we see in the metallic prominences it does take, the form 
of the ejection of the tremendously brilliant and incandescent 
vapours. How are the-e produced? Something must produce 
them ; they do not ascend of their own sweet will, or they 
would not come up so locally as we see them. 
We get this fact most indisputably, which I hope I have been 

able to make quite clear, that these ascents of vapours from 
below the spot region always accompany the spots, and they 
always follow the spots in time. Then is it not reasonable to 
suppose they are produced by the spots? You remember I 
objected to the word ‘‘ eruption” in connection with these pro- 
minences. I do not so much object to the word “ explosion,” 
for I cannot understand how if you get twenty million tons of 
meteorites falling down in a particular latitude of the sun, and 
plunging into the photosphere—I do not understand how 
there must not follow after that the most gigantic and terrific 
explosion, driving heated gases many hundreds and thousands of 
miles into the upper air along the line of least resistance, and 
disturbing the photosphere for months afterwards. Now that 
really does seem to be the plain English of what happens. 
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T have told you that in the origin of the spots the first disturb- 
ance is the formation of a few little openings probably by the 
advanced guard of the falling solid material. In a few day-, by 
the continuous downpours, these develop into aspot. This spot 
is followed by a metallic prominence sending up the masses of 
gas at the rate, may be, of 250 miles a second—a rate Prof. 
Young has observed ; and after that the faculee appear. I throw 
that idea out because the greatest prominences are associated 
with the greatest spots; the spots begin the disturbance, and 
the energies radiate from the point where we first see the disturb- 
ance, which, I repeat, the spot begins. 
We see, then, that on the sun the action will be almost just 

the opposite of what it is on the earth. We get first of all the 
descent of cooled matter on to the part of the sun where the dis- 
turbance begins. 

Here we get ascent in consequence of greater heat outside. 
At the sun the greater heat inside the sun is liberated by the 
splash and explosion of spot-producing material. 

Now, when the material falls in the way we have indicated, 
we shall get, if the idea is true, a considerable temperature in 
the region above the fall accompanying the return current in 
the shape of prominences. We may probably also get a current 
in the lower atmosphere set up towards the north and towards 
the south, and another thing we shall certainly get will be a tre- 
mendous brightening of this part of the solar atmosphere. 

One of the great differences between one part of the solar 
atmosphere and another depends upon its temperature; so that 
you must imagine that the moment we get any great change in 
the temperature of any part of the atmosphere we must get a 
great change in its brilliancy, even in the higher regions : this 
may explain the streamers. 

Tf there are these lower currents towards the poles there will 
probably be upper currents away from them which may in some 
way locate spot-forming material over the spot zones. On this 
subject, however, which, though one of the most important 
in solar physics, is one in which we see our way least clearly, I 
have not time to enter, J. NorMAN LocKYER 

(To be continued.) 

THE INSTITUTION OF MECHANICAL 
ENGINEERS 

‘THE Institution of Mechanical Engineers held their annual 
meeting, under the presidency of Mr. Jeremiah Head, at 

the Theatre of the Institution of Civil Engineers, on the 6th 
and 7th inst. : 

Mr. T. B. Lightfoot read a paper on refrigerating and ice- 
making machinery and appliances. He commenced by de- 
scribing a complete refrigerating machine as an apparatus by 
which heat is abstracted, in combination either with some system 
for renewing the heat-absorbing agent, or, as is more usually the 
case, with a contrivance by which the abstracted heat is rejected 
and the agent is restored to a condition in which it can again be 
employed for cooling-purposes. 

The first method by which heat is abstracted by the rapid 
fusion of a solid is probably the oldest. It depends upon the 
very strong tendency of mixtures of certain salts with water or 
acids, and of some salts with ice—which form liquids whose 
freezing-points are below the original temperatures of the mix- 
tures—to pass into the liquid form; heat is absorbed more 

_ quickly than it can be supplied from without, and the temperature 
consequently falls. This method has been mainly employed 

_ for domestic and laboratory purposes. 
When heat is abstracted by the second method, that is, by 

; the evaporation of a more or less volatile liquid, other things 
being equal, the liquid with the highest latent heat will be the 
best refrigerant, because for a given abstraction of heat, the 

_ least weight of liquid will be required, and therefore the power 
expended in working the machine will be the least. There are 
four different kinds of processes employed. 
The first, in which the refrigerating agent is rejected with the 

heat it has acquired, is generally known as the vacuum process. 
Water, the only agent cheap enough to be employed, must be 
reduced to a pressure below 07089 Ib. per square inch, which is 

; the pressure of water-vapour at the temperature of melting 
ice. A vacuum-pump is employed, combined with a vessel con- 
taining strong sulphuric acid, for absorbing the vapour from the 
air drawn over, and so assisting the pump. Lately an improve- 

: ment has been effected in this process by the employment of a 

| 
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pump with two cylinders and intermediate condenser, the water 
being admitted to the ice-forming vessels in fine streams, so as 
to offer a large surface for evaporation. The second, or com- 
pression-process, is used with liquids whose vapours condense 
under pressure at ordinary temperatures. The first apparatus 
employed, though in some respects crude, is yet the parent of 
all compression-machines used at the present time, the im- 
provements being generally in matters of constructive detail. 
The water to be frozen was placed in a jacketed copper pan, 
the jacket being partially filled with the volatile liquid, and 
carefully protected on the outside with a covering of non-con- 
ducting material. A pump drew off the vapour from the jacket, 
and delivered it compressed into a worm, around which cooling 
water was circulated, the pressure being such as to cause lique- 
faction. The liquid collected at the bottom of the worm, and 
returned to the jacket through a pipe, to be again evaporated. 
Most modern machines comprise a refrigerator, a water-jacketed 
pump, a condenser, and ice-making tanks containing moulds or 
cells, around which brine cooled to a low temperature in the 
refrigerator is circulated by means of a pump. The working 
pressure in the refrigerator depends upon the reduction in 
temperature desired, the higher the pressure the greater being 
the work that can be got out of any given capacity of pump. 
The liquefying pressure in the condenser depends on the tempera- 
ture of the cooling water, and on ‘the quantity that is passed 
through in relation to the quantity of heat carried away ; this 
pressure determines the mechanical work to be expended. To 
produce transparent ice, the water has to be agitated during 
freezing, so as to allow the air to escape. Various refrigerating 
media have been used, such as ether, sulphur dioxide, and 
anhydrous ammonia. The third is known as the absorption 
process : the principle employed is chemical or physical rather 
than mechanical, and depends on the fact that many vapours of 
low boiling-point are readily absorbed by water, but can be 
separated again by the application of heat to the mixed liquid. 
Taking advantage of the fact that two vapours, when mixed, can 
beseparated by means of fractional condensation, an absorption 
machine has been brought out in which the distillate was very 
nearly anhydrous. Ordinary liquid ammonia of commerce was 
heated, and a mixed vapour of ammonia and water was driven 
off. By means of vessels termed the analyser and the rectifier, 
the bulk of the water was condensed at a comparatively high 
temperature and run back to the generator, while the ammonia 
passed into a condenser, and there assumed a liquid form, The 
nearly anhydrous liquid was then evaporated in the refrigerator 
in the ordinary way ; but, instead of the vapour being drawn off 
by a pump, it was absorbed by cold water or weak liquor in a 
vessel called an absorber, which was in communication with 
the refrigerator, and the strong liquor thus formed was pumped 
back to the generator and used over again. In the fourth, 
which is known as the binary absorption system, liquefaction of 
the refrigerating agent is brought about partly by mechanical 
compression and partly by absorption ; or else the refrigerating 
agent itself is a compound of two liquids, one of which liquefies 
at a comparatively low pressure, and then takes the other into 
solution by absorption. An interesting application of this 
system has been recently made by Raoul Pictet, who found that, 
by combining carbon dioxide and sulphur dioxide, he could 
obtain a liquid whose vapour-tensions were not only very much 
less that those of carbon dioxide, but were actually below those 
of pure sulphur dioxide at temperatures above 78° Fahr. This 
very remarkable and unlooked-for result may open up the way 
for greater economy in ice-production. 

The third method is that in which machinery is used by which 
gas is compressed, partially cooled while under compression, and 
further cooled by subsequent expansion in the performance of 
work, the cooled gas being afterwards used for abstracting heat. 
This method has been much employed of late years, under the 
title of ‘‘Cold-air machines”’ for the preservation of meat and 
other perishable food. The author has designed machinery of 
this class, in which a weight of 1000 Ibs. of air per hour can be 
reduced from 60° above to 80° below zero Fahrenheit, with cool- 
ing water at 60° F., with the expenditure of about 18 indicated 
horse-power. The air after being compressed in the compresser 
passes to the coolers, which consist of a couple of vessels con- 
taining tubes, through which water is circulated by a pump. 
The compressed air passes through one cooler and returns 
through the second, being cooled to within 5° or 6° of the initial 
temperature of the cooling water, which circulates in a direction 
opposite to that of the air. From the coolers the air passes to 
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the expansion cylinder, and after performing work upon the 
piston, and returning about 60 per cent. of the power expended 
in its compression, it is exhausted, having been cooled down 
from 70° above to 90° below zero Fahr. Besides its applica- 
tion to the importation of dead meat, live cattle, &c., an inter- 
esting application was made last year in the construction of a 
tunnel through a hill in Stockholm, in the excavation of which, 
some running ground was met with, consisting of gravel mixed 
with clay and water, which it was determined to freeze. The 
innermost end of the tunnel next the face was formed into a 
freezing-chamber by means of partition walls, which were made 
of a double layer of wood filled in between with charcoal. The 
temperature of the freezing-chamber was generally from 6° to 
15° below zero Fahr. after twelve hours’ running, but soon rose 
to freezing-point when the men began to work. The tunnel 
was driven through its length of 80 feet with entire success, the 
daily progress averaging about 1 foot. 

A paper on the distribution of the wheel-load in cycles, 
illustrated by means of fifty-six figures, was read by Mr. J. 
Alfred Griffiths. The author gives the following five points of 
efficiency as applying to cycles generally, viz. reduction of dead 
weight by the avoidance of very large wheels and of heavy or 
purely ornamental or unnecessary framing ; reduction of resistance 
by avoidance of very small wheels, and by employment of the 
best designs in bearings and in driving-mechanism for the 
diminution of internal friction ; perfection of load distribution by 
entire avoidance of wheels that neither transmit motive-power 
nor assist the steering, and by concentration of the load on the 
driving-wheels and reduction of that on the steering-wheels ; 
stability when at rest and when in motion on the straight and 
round curves, when on a smooth surface and also on a rough 
and lumpy road, and when the brake is applied either suddenly 
or gradually ; arrangement of load and driving-mechanism so 
that the distribution of the wheel-load shall be as good on rising 
or falling gradients as on a level. Tables of dimensions and 
distribution of wheel-load were appended. 

A paper on the raising of the wrecked steamship Pee of the 
Realm, which was effected by the platforming method, and with- 
out the aid of divers for any part of the operation, was read by 
Mr. T. W. Wailes, of Cardiff. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

OxForpD.—The Council of Somerville Hall have decided to 
build additional rooms for twenty students. Two Entrance 
Scholarships of 357. and 40/. a year are offered for competition 
on May 25. 

SCIENTIFIC SERIALS 

American Journal of Science, March.—Examination of Dr. 
Croll’s hypothesis of geological climates, by Dr. A. Woeikof. 
The author subjects Dr. Croll’s theories to a searching criticism, 
traversing all his fundamental principles. The statement that 
the ocean must stand at a higher »ean temperature than the 
land is shown to be quite erroneous, the oceans which receive 
cold currents from Polar seas, and even seas like the Mediter- 
ranean and Red Sea, which receive no such currents, having a 
mean temperature considerably lower than the continents. His 
whole system of estimating temperature breaks down when 
seriously tested, the errors being enormous, in some cases up- 
wards of 100° F., or greater than the difference of annual tem- 
perature between the equator and the North Pole. His hypo- 
potheses, although brilliant and fascinating, cannot be accepted, 
the main points on which they rest being opposed to the most 
certain teachings of meteorology, and the whole fabric in its 
explanation of glaciation and geological climates generally being 
entirely fallacious. —Teniril movements in Cucurbila maxima 
and C. Pefo (concluded), by D. P. Penhallow. The author 
concludes generally that growth is promoted by an increase of 
temperature and humidity, but may be retarded by an increase 
of temperature when other conditions are unfavourable. It is 
also retarded by excessive transpiration, while the conditions 
favourable to growth, arising from temperature and humidity, 
may cause greater growth during the day in opposition to the re- 
tarding influence of light. Movements of tendrils and terminal 
buds, being phenomena of growth, are modified by whatever 
variations of condition affect growth.—Note on a method of 
measuring the surface-tension of liquids, by W. F. Magie. It 

is shown that Poisson’s formula determining approximately the 
heizht of a large liquid drop standing on a level plate holds 
good, without any change, for a bubble of air formed in a liquid 
under a level plate-—Remarks on W. B. Rogers’s ‘‘ Geology of 
the Virginias” (continued), by J. L. and H. D, Campbell. In 
this concluding paper the authors deal with the most salient 
points in the higher formations of the geological system of Vir- 
ginia and West Virginia. Their remarks, based mainly on 
personal observation; are intended to be supplementary to 
Mr. Rogers’s comprehensive treatise on the geology of this 
region,—Observations on the Tertiary of Mississippi and Ala- 
bama, with descriptions of new species, by D. W. Langdon. 
An important result of these observations is the establishment 
of the relation of the Jackson beds to the Orbitoides limestone 
and marl beds of Byram Station. The new species, which will 
be figured in the forthcoming Report of the Geological Survey 
of Alabama are: Verticordia eocensis, apparently the first Verti- 
cordia described from this epoch; and Sulla (Haminea) 
aldricht, an elongate oval shell resembling ABwlla glaphyra, 
Desh.—On the area of Upper Silurian rocks near Cornwall 
Station, Eastern Central Orange County, New York, by 
Nelson H. Darton. ‘The paper contains a careful study of the 
Towsend Iron Mine district and vicinity, where a small mass of 
Lower Helderberg limestone has been protected from the gene- 
ral denudation by a firm backing of coarse strongly cemented 
sandstones. The whole forms a ridge running just west of 
Cornwall Station, its more prominent geological features being 
shown on the accompanying map. 

Rivista Scientifico-Industriale, March 15.—On the crepuscular 
lights that followed the Krakatao eruption, by Prof. Alessandro 
Sandrucci. The author surveys with Hirn the various theories 
propounded to explain this phenomenon, and rejects them all as 
inadequate, or else based on impossible assumptions. He con- 
cludes that for the present the after-glows must be classed with 
the numerous effects the causes-of which have not yet been 
fathomed.—On the origin of atmospheric electricity, by Prof. 
Luigi Palmieri. A simple experiment is described, by which it 
is clearly shown that positive electricity is generated by the 
moisture of the air, when it becomes condensed by a lowering of 
the temperature. This conclusion is reconciled with the theory 
recently advanced by Prof. Edlund, of Stockholm, who argues 
that the electricity of the air is derived from the earth by the 
unipolar induction of terrestrial magnetism, while its return to 
the earth is caused by the condensation of the aqueous vapours, 
and especially by their conversion into the fluid state. 

Rendiconti del Reale Istituto Lombardo, April 1.—Reptiles of 
the Orta-Kenei district, Adrianople, by Prof. F. Sordelli. This 
is an account of the collection recently made at the southern 
foot of the Balkan Range by the Cavaliere Luigi de Magistris, 
and by him presented to the Civic Museum of Milan. Of over 
twelve species of reptiles three only are found in the Po Valley, 
all the rest being of an essentially Eastern character, with a 
range extending from the Balkan Peninsula to the Iranian 
Plateau.—Note on a fundamental theorem in the theory of the 
functions of a complex variable quantity, by G. Morera.—Strati- 
graphic observations in the province of Avellino, by Prof. 
T. Taramelli. The paper contains a systematic study of the 
stratified rocks exposed by the cuttings of the Avellino and 
Santa-Venere line of railway, and ranging through the whole 
series from the Lower Chalk through the Eocene, Miocene, and 
Pliocene, to the more recent Quaternary formations. —Account 
of a rare and interesting ornithological specimen, by Prof. 
Pietro Pavesi. The author describes a fine specimen of Bernicla 
Jeucopsis, Bechst., recently shot at Coranain the Po Valley, and now 
preserved in the Civic Museum of Pavia.—On the rational curves 
in a linear space to any number of dimensions, by A. Brambilla. 
—Meteorologicai observations made at the Brera Observatory, 
Milan, during the month of March. 

SOCIETIES AND ACADEMIES 
LONDON : 

Zoological Society, May 4.—Prof. W. H. Flower, 
LL.D., F.R.S., President, in the chair.—Mr. E. L. Layard, 
F.Z.S., exhibited a fine example of a rare Beetle of the family 
Cerambycidee (Macrotoma heros), obtained in the Fiji Islands ; 
and a series of specimens of shells of the genus Bulimus from 
New Caledonia and the adjacent islands.—A letter was read 
from Mr. F. W. Styan, F.Z.S., relating to some Chinese ani- 
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mals of which he had lately obtained specimens.—Mr. W. 
F. Kirby read some remarks on four rare species of Sphing- 
idze, of which he had lately examined specimens.—Mr. F. E. 
Beddard read a paper containing observations on the ovarian 
ovum of Lepidosiren (Protopterus), and described the entrance 
of follicular cells into the interior of the ovum. It was believed 
that these cells played an important part in the formation of the 
yolk.—Mr. Beddard also communicated a paper by Mr. J. T. 
Cunningham, on the mode of attachment of the ovum of the 
smelt (Osmerus eperlanus). 

PARIS 

Academy of Sciences, May 3.—M. Jurien de la Graviere, 
President, in the chair.—On the magnetic principle, by M. 
Mascart. The author’s theoretical studies lead to the general 
inference that, in a magnetic and isotropic body of any form 
there are three rectangular directions for which the magnetic 
force is parallel to the outer field with different coefficients, 
fy fy» 2nd fo, These coefficients possess the same properties as 
those of a sphere of slightly magnetised anisotropic substance. 
For steel the mean coefficient of longitudinal magnetic force is 
much weaker than for soft iron ; hence the increased importance 
of transverse magnetisation.—On the formation of oxalic acid 
in plants: a study of Amex acetosa (sorrel), by MM. Berthelot 
and André. The analysis of the dried seeds of this plant yielded 
0'05 per cent. of oxalic acid, which is also largely present in the 
leaves and stalk, but to a less degree in the root.—Remarks on 
MM. Berthelot and Andrée’s communication on the proportion 
and quantitative analysis of the ammonia present in the ground, 
which appeared in the last number of the Comptes rendus, by M. 
Th. Schleesing. The author takes exception to MM. Berthelot 
and André’s account of his process for effecting the analysis, 
and also traverses the statement that arable land, when irrigated, 
tends constantly to liberate the ammonia of the ammoniacal 

salts contained in it.—On holmine, or M. Soret’s earth X, 
by M. Lecoq de Boisbaudran. This was a sealed paper 
recently deposited with the Academy, and now opened at 
the author's request. It shows that holmine contains at 
least two metallic radicals. —On dysprosium (symbol Dy), by 

_M. Lecoq de Boisbaudran.—Remarks on a work entitled 
— Science and Philosophy,” presented to the Academy by 

the author, M. Berthelot.—Observations on the new comet 
1886 a (Brooks I.), made at the Paris Observatory (equatorial 

- of the West Tower , by M. G. Bigourdan.—On the spectrum of 
' the Fabry Comet, by M. Ch. Trépied. In this comet, as in 
| that of Encke, there appears to be a predominance of the 
gaseous elements on the one hand, while on the other its spec- 
trum seems to show that the relative brightness of the nucleus 
bears no necessary relation to the degree of condensation of the 
cometary matter.—On the density of liquid atmospheric air and 
‘its constituent elements, and on the atomic volume of oxygen 
and nitrogen, by M. S. Wroblewski.—Practical method for the 
preparation of the Nicol and Foucault prisms (three illustrations), 
by M. L. Laurent.—On the penetration of light into deep sea- 
water, by MM. H. Fol and E. Sarasin. From the author’s 
experiments it appears that layers at a depth of 300 metres are 
illumined every day for the whole time that the sun remains 

above the horizon ; at 350 metres light penetrates for at least 
eight hours daily. Even after sunset the actinic rays seem to 
reach considerable depths. —On the combinations of phosphoric 
acid with titanic acid, zircon, and stannic acid, by MM, P. 
“Hautefeuille and J. Margottet. The general conclusion of the 
author's researches is that the phosphates of titanic acid, zircon, 
and stannic acid possess the atomic composition of the phosphate 
of silica. By employing phosphoric acid as a dissolvent they 
can be obtained only under the octahedric form, while the 

| phosphate of silica is obtained not only under this but under 
three other forms incompatible with the first.—Action of 
anadic acid on the ammoniacal salts, by M. A. Ditte.—On 

constitution of butter, by M. E. Duclaux.—On xenotime, a 
are mineral from Minas Geraes, Brazil, by M. H. Gorceix. This 

“substance, which on analysis yields PhO,;, 35°64, YO + ErO, 
63°75, and insoluble residuum 0°4, appears to be a phosphate of 
yltria and of a second earth, very probably erbire.—On the 

dothelium of the inner wall of the vessels in invertebrates, by 
f. W. Vignal.—On the existence in birds of a series of cephalic 

Hi anglia of sympathetic character, corresponding to the seg- 
‘mentary cranial nerves, by M. F. Rochas.—Researches on the 

} Structure of the stomach in birds, by M. M. Cazin. —On Znto- 
seus menadis, a parasite infesting the Carcinus menas crab, 

by M. A. Giard.—On some phenomena connected with the 
division of the cellular nucleus in plants, by M. L. Guignard.— 
Remarks on M. Boutroux’s recent communication on an acid 
fermentation of glucose, by M. Maumené. The author shows 
that this acid differs in no respect from that already determined 
and described by him in the year 1875, under the name of 
“hexepic.” 

BERLIN 

Physiological Society, March 26.—Dr. Kossel communi- 
cated the results of experiments instituted by Dr. Schotten 
respecting the cholic acids. As was known, two different 
nitrogenous acids entered into the composition of the bile, glyco- 
collic acid and taurocholic acid, which broke up respectively 
into glycocoll and cholalic acid, and into taurin and cholalic acid. 
The constitution of this azoteless acid, common to both, had not 
yet been determined. It was, however, known to be different 
with different animals. In the bile of horned cattle two cholalic 
acids had been found, distinguished as taurocholic acid and 
choleic acid. In the bile of swine a third cholalic acid had been 
found, hypocholalic acid; and in the bile of geese, a fourth, 
chenocholalic acid. It was probable that still more cholalic acids 
would be discovered. Dr. Schotten’s studies had for their 
object the elucidation of the constitution of cholalic acid. By 
heating to 300° C. he was able to split two molecules of water, 
and to obtain a body of an equal quantity of carbon, a less 
quantity of hydrogen and of oxygen. By subjection to a still 
greater degree of heat, from two molecules of the acid a molecule 
of water was separated, and a substance obtained consisting of two 
groups of atoms connected by an atom of oxygen. By treat- 
ment with anhydrous acetic acid Dr. Schotten established that 
cholalic acid was both monobasic and monoyalent. Finally 
he investigated the composition of human bile from 350 gall- 
bladders, with a view to testing the statement that in human 
bile was contained a peculiar cholalic acid, the anthropocholalic 
acid of Herr Beyer. Although at first he received the same 
results, viz, a salt of baryta containing much less carbon than the 
other cholalic acids, yet subsequently, by continued purification 
and transcrystallisation of the product, he came to the conviction 
that in the human bile only the taurocholic acid of horned cattle 
was present. The results at first obtained of apparently different 
significance were due to the fact that the soluble barytic 
cholalate with carbonate of barium very readily formed insolu- 
ble double salts which were not easily split—Dr. Biondi spoke 
on the intermaxillary bone, and discussed the fact that the 
doctrine set up by Goethe, that on each side but one inter- 
maxillary bone was developed, namely from the frontal process, 
while the superior maxilla, on the other hand, was evolved from 
the maxillary process of the skull, had, in the year 1879, been 
replaced by a new doctrine advanced by Herr Albrecht. Ac- 
cording to this new doctrine two intermaxillary bones were 
developed on both sides, growing out of the lateral and median 
frontal process, and then coalescing with the superior maxilla 
from the maxillary process. According to the older view, at 
present defended in particular by Dr. Kolliker, the hare-lip 
originated between superior maxilla.and intermaxillary bone. Prof. 
Albrecht, on the other hand, removed the position of the hare- 
lip to between median and lateral intermaxillary bone. By 
way of proof for this latter view, the circumstance was ad- 
duced that externally from the fissure an incisor tooth was 
regularly found. Dr. Biondi had examined a very large number 
of normal and pathological skulls, and had followed the develop- 
ment in embryos of the facial bones. Like Prof. Albrecht, he regu- 
larly found an incisor tooth externally from the hare-lip fissure, 
and, in the case of embryos, in the intermaxillary bone two points 
of ossification, whence were developed two separate intermaxil- 
lary bones. Between these two were situated the hare-lip 
fissure and that of the palate. ‘The views of Dr. Biondi and of 
Prof. Albrecht deviated on the contrary very materially from each 
other respecting the place where the two intermaxillary bones 
originated. In accordance with the speaker's views, the superior 
maxilla and the ouier intermaxillary bone developed from the 
maxillary process, while, on the other hand, the inner inte:- 
maxillary bone sprang from the median frontal process. The 
lateral frontal process did not reach so far down. The hare-lip, 
in point of fact, therefore, as had been maintained by earlier 
authorities, was situated between the maxillary and frontal pro- 
cess. The upper lip, in the opinion of the speaker, developed 
itself, in perfect accordance with the relations obtaining in 
respect of the superior maxilla and its alveolar margin, out of 
the maxillary process and the inner frontal process, while the ==} 
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outer frontal process formed the ale nasi, In respect of the two 
intermaxillary bones on each side, the presence of which the 
speaker assumed along with Prof. Albrecht, Dr Biondi deviated 
from the latter in so far as that he had found, not an outer and 
inner intermaxillary bone on each side, but an anterior and 
posterior. The incisor teeth, as also the supernumerary teeth, 
developed themselves only in the intermaxillary bone. Dr, 
Biondi illustrated his address by preparations, drawings, and 
photographs he produced.—Dr. Pohl-Pincus next gave a supple- 
ment to his address on the polarisation colours of the hair of the 
human head, adducing the reasons which determined him to lay 
down three types of colouring : the normal, the pathologic, and 
an intermediate type. It was nevertheless to be understood that 
a whole series of transitionary hues intervened between the two 
extremes. He further stated that, in accordance with his ex- 
perience, hair pathologically changed in its double refraction in 
consequence of stimulation from inflammation or from psychical 
excitement was long in returning to its normal condition. The 
speaker next described two experiments on a frog’s heart. When 
he removed from a frog the anterior part of the cerebrum, 
under avoidance of heavy bleedings, then set free the heart, and 
stimulated one or several sensory nerves of the body, he then 
observed that the systole of the heart was unchanged. During 
the diastole, however, there appeared on the surface a chess- 
board-like drawing, and the diastole itself was interrupted in the 
middle by an intermission. By stimulation of the vagus he was 
able to overcome this effect of the irritated sensory nerves. The 
second observation he communicated respected the local diastole 
which a considerable time previously had been noticed by others 
as well as by himself The occurrence of this diastole under 
local mechanical stimulation of the frog’s heart was always a 
very uncertain ‘one. Dr. Pohl-Pincus had now quite recently 
found that the local dilatation took place only when the stimula- 
tion was given during the second half of the systole. At the 
beginning of the systole, on the other hand, the stimulation had 
no effect whatever, and during the diastole it even gave rise to 
local systole. The effects of the local mechanical stimulation 
lasted some time, and, besides the local contraction or relaxa- 
tion, manifested itself in a heightening of the diastolic or 
systolic state on each occasion at the stimulated spot. 

Physical Society, April 2.—Prof. du Bois Reymond spoke 
on the irreciprocal conduction of electricity found by him in the 
electrical organ of fishes, and discussed the teleological signific- 
ance of this property for the capability of fishes to discharge strong 
electrical currents outwardly (NATURE, Vol. xxxiii. p. 407).—Fol- 
lowing up the address at the last sitting by Dr. Baur, Dr. Pein:t 
spoke on some othermore recent thermostats, in particular on those 
which effected the regulation by means of vapour pressure. In the 
closed short leg of a manometer was a small quantity of a fluid 
readily susceptible of evaporation ; above it was placed quicksil- 
ver, which also filled the long leg of the manometer. The short 
leg of the manometer with the fluid referred to lay in the bath, 
the temperature of which should be kept constant. Did the 
temperature rise above the desired degree, then the quicksilver 
of the manometer also mounted in consequence of the pressure 
of the vapour, and the flow of the gas to the flame got thereby 
in part shut off. The temperature than sank, the vapour con- 
densed, and the quicksilver in the manometer fell. To render 
the apparatus available at every over-pressure, the manometer 
was cut through and connected by a movable piece of tube. As 
the material best adapted for these flexible connections, the 
speaker recommended thin steel tube, which was coated over 
with lead, thereby rendering it easily pliable and not liable to 
any elastic after-effect. The regulation by means of the long 
manometer tube was accomplished in an electrical way by an 
electro-magnet. The details of the arrangement of the thermo- 
stats in question were illustrated in part by models, in part by 
drawings, As fluid for very low temperatures, a mixture of 
two hydrochloric ethers was used ; for higher temperatures, a 
mixture of ether and alcohol; for temperatures above 100° C., 
water; and for still higher degrees of temperature, other 
fluids. With respect to the efficacy of these thermostats, 
the speaker adduced that he was able to keep a water- 
bath for a considerable length of time constant to within 
0°02 C.—Dr. Konig laid before the Society a photometer 
sent to him from Messrs. Yeates and Son, of Dublin, which 
apparently far surpassed the Bunsen photometer. It consisted 
of two quadratic prisms of cast paraffin connected with each 
other on a longitudinal side. Between these two prisms was 
placed a silver leaf or a tinfoil leaf. When light from one source 

fell on the one prism, then it appeared clear white on account of 
the diffused reflexions. The light was able to penetrate to the 
other only through the metal sheet. The other prism therefore 
appeared dark. If a second light was ‘placed on the other side, 
then the other prism appeared likewise bright. By displace- 
ment on a scale the photometer could be brought into the posi- 
tion in which both sides appeared equally bright. The distance 
from each other of the two sources of light gave in that case 
the relation to each other of the intensities. The speaker pro- 
posed some arrangements which would render this photometer 
available for coloured light as well. Similar proposals for this 
purpose had already been made by Dr. Jolly.—Dr. Konig 
further made some supplementary communications on the case 
recently discussed by him of anomalous colour-seeing arising 
from alcoholism. After determining that the occurrence of a 
neutral point in the spectrum was a perfectly certain proof that 
the eyes in question perceived only two fundamental colours, he 
investigated the extension of the colour curves by the employ- 
ing of mixed colours, and thereby obtained important results, 
which he promised to communicate to the Society in a complete 
form in May or June next. 
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THE VEAR-BOOK OF PHARMACY 

Year-Book of Pharmacy, 1884. (London: J. and A. 

Churchill, 1884.) 

“THIS volume contains the transactions of the British 
Pharmaceutical Conference at Hastings in August 

1884, in addition to abstracts of papers relating to 
pharmacy, materia medica, and chemistry, from July 1, 

1883, to June 30, 1884. The work is of course especially 

intended for chemists and druggists, but it also contains 
some information to general readers, and as this might 
be apt to be overlooked from the special nature of the 
work, we shall extract from it somewhat more largely than 

we might otherwise do. Amongst the most striking facts 

it contains is an observation of Sachs regarding the effect 
of light on plants, mentioned by Mr. Williams, President 

of the Conference, in his address. This observation is 

not only interesting in itself but it appears to give a 
reason for the rules which the herbalists, centuries ago, 

laid down for the collection of medicinal plants, and which 

in modern times have been regarded as simple nonsense, 

and have consequently been abandoned. The herbalists 
were particular about collecting their herbs at certain 
hours of the day or night, and even at special phases of 

the moon. We have not yet got any exact information 

regarding the effect of the moon upon the chemical com- 

position of plants, but Sachs’s observations show that the 
amount of starch present in the leaf of any given plant 

varies considerably under different circumstances. In 

direct sunshine and under otherwise favourable circum- 
stances, starch is formed very rapidly ; but it generally 
disappears entirely during the night, so that a leaf col- 

lected in the evening will prove full of starch, while 
another leaf of the same plant collected before sunrise 

will not show a trace. But even in direct sunshine, with 

all the necessary warmth and moisture, the plant will not 

form starch if the air in which it is growing be deprived 

of carbonic acid by means of caustic soda. The method 

of ascertaining the presence of starch in a leaf is very 
simple. ‘‘The leaf to be examined is first plunged into 
boiling water for about ten minutes, then taken out and 
digested in alcohol for about the same time (methylated | 
spirit answers perfectly well). This treatment extracts 

the whole of the colouring-matter (chlorophyll), and leaves 
the leaf perfectly white. The leaf is now placed in an 
alcoholic solution of iodine, and the presence or absence 

of starch is demonstrated in a few minutes. The absorp- 
tion of iodine commences at the edges, and soon colours | 
the leaf blue-black if much starch be present, or brown if 

the quantity of starch be but small. The venation of the 
leaf appears as a pale network on a dark ground, render- 
ing it a very beautiful object, but all my efforts to preserve 
a specimen beyond a few hours have hitherto failed.” The 
variations in the amount of starch in the leaves at different | 

periods of the twenty-four hours are peculiarly interesting 
as rendering it probable that the amount of alkaloidal 

or other active principles may also vary in a similar way. 
Since the publication of this book other researches have 
been made which render such a variation all the more 
probable inasmuch as they show that some of the | 
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poisonous alkaloids formed by the putrefaction of albu- 
minous substances are identical with those occurring in 
some plants. 

In the chemical section of this Year-Book there are 
several articles on putrefaction-alkaloids or ptomaines. 
These alkaloids were shortly after their discovery sup- 
posed to differ in certain respects from the alkaloids 

produced by plants, but the points of difference on which 
reliance was at first placed in order to distinguish between 
alkaloids which might be formed in a dead body and 
poisons of vegetable origin which might have been ad- 
ministered for the purpose of producing death have now 

been shown to be untrustworthy for this purpose. 
Amongst the most important of the researches on this 

subject are those of Brieger, some of which are abstracted 
in this Year-Book, and others of which have been since 

published in his works (“ Ueber Ptomaine ” and “ Weitere 
Untersuchungen tber Ptomaine,” Berlin, Hirschwald). 

The abstract of another paper by Poehl in this Year-Book 

contains interesting information regarding alkaloids 

formed by the decomposition of rye-meal. His results 
are that ergot and mould have a peptonising action on 

the albuminous matters of the meal. The degree of 

putrefaction of albumens is directly proportional to their 
peptonisation. In the first stages of putrefaction the 

decomposition of albumens is greater in ergot meal than 
in mouldy or pure meal. But in the more advanced 
stages these differences are not so marked. Various 
alkaloidal products were obtained both from pure and 
tainted meal after they had been allowed to putrefy. This 

fact may be of considerable importance in regard to the 
action of alcoholic drinks. Guareschi and Mosso in a 
paper abstracted in this Year-Book describe the methods 
by which they obtained from putrefying fibrine an alkaloid 
having an action similar to curare. In another work, 

which is not abstracted here (“ Les Ptomaines,” Premiére 

Partie, Rome, Turin, Florence, H. Loescher), they 
mention that one of the difficulties they had to contend 

with was the presence of organic alialoids in different 

kinds of alcohol. If we consider that a great deal of the 
spirits used for ordinary consumption are made of so- 

called silent spirit flavoured with various substances, and 
that silent spirit is also used in fortifying wines, it is 

evident that the purity of this spirit is of very consider- 
able importance ; but we believe that silent spirit is some- 
times obtained by the fermentation of grain which has 

become mouldy or decomposed to such an extent as to be 
useless for food, and volatile alkaloids formed during its 

decomposition will pass over in the process of distillation, 
and being thus present in the spirit so produced may 

injuriously modify its action. 
The most interesting of the other facts contained in 

this Year-Book are those which refer to the synthesis of 

organic alkaloids. Hofmann has shown that piperine, 
the alkaloid of pepper, can be built up from pyridine, a 

coal-tar base, and that piperidine, one of the intermediate 

compounds, which is also obtained with piperic acid when 

natural piperine is split up by potash, is probably a 
stepping-stone to the formation of conine and atropine. 
It was mentioned in a former Year-Book that caffeine, 
the alkaloid of tea and coffee, can be prepared from theo- 
bromine, the alkaloid of cocoa, which in its turn can be 

obtained from xanthine, a substance which is present in 
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beef-tea or Liebig’s extract, and lastly, xanthine can be 
obtained from guanine, so that it seems not improbable 

that the manufacture of caffeine for medicinal purposes 
from Peruvian guano may be looked for as a consequence 

of the researches already made on the chemistry of these 

substances. 

EUCLID REVISED 

Euclid Revised, containing the Essentials of the Elements 
of Plane Geometry as given by Euclid in his First Six 
Books, with numerous Additional Propositions and 

Exercises. Edited by R. C. J. Nixon, M.A., formerly 
Scholar of St. Peter’s College, Cambridge. (Oxford : 

Clarendon Press, 1886.) 

HE movement for greater freedom in the teaching of 

elementary geometry than is consistent with a 

rigid adherence to Euclid’s Elements, which may be 
regarded as having taken definite shape with the forma- 
tion of the Association for the Improvement of Geometri- 
cal Teaching in the year 1871, gains strength surely, if 
not rapidly. Of this Mr. Nixon’s book is one of many 
indications, notwithstanding his decision in favour of re- 
taining Euclid’s Elements as the basis of geometry. For 
this decision he assigns “ ¢wo substantial reasons of ex- 

pediency and convenience :— 
“(1) That an established order of geometric proof is 

convenient for examination purposes ; 
“(2) A recognised numbering of fundamental results is 

convenient for reference.” 

He adds, “‘ as co-operative reasons—the fact that there 

is no consensus of opinion among experts as to the supe- 
riority of any other scheme yet proposed ; and the senti- 
ment of repugnance at the thought of sweeping away an 
institution rendered venerable by the usage of more than 

2000 years.” 
It may be questioned whether Mr. Nixon’s first reason 

“of expediency and convenience” leads as a consequence 
to the retention of Euclid as a class-book. The experi- 

ence of the examinations of the University of London is 
held by many examiners as well as teachers to prove the 
contrary. But apart from this we would enter our protest 
against the subordination here, as so often elsewhere, 
assumed of teaching to examination, of teachers to ex- 
aminers. Examiners are doubtless strong, but teachers, 

if they will only combine and assert their convictions in 

practice, are stronger. We believe too that those who 

have most carefully considered the question of a rival 
order of sequence of geometrical propositions would agree 

that the best order in a logical arrangement does not 
seriously confizct with Euclid’s order, except by simpli- 

fying it. Rather, by bringing the proofs of each proposi- 

tion nearer to the fundamental axioms and definitions 

than Euclid does, it renders less assumption of previous 
propositions necessary for the proof of any given proposi- 
tion. It stretches the chain of argument straight instead 

of carrying it round one or many unnecessary pegs. 
Many instances of this may be found in Mr. Nixon’s 

own book. To mention one only— the proof which he 
judiciously gives of the fundamental proposition that 

“similar triangles are to one another in the duplicate 
ratio of their homologous sides” depends directly on the 
Ist Proposition only of the Sixth Book, instead of the 

chain being carried round the unnecessary peg of the 15th 

Proposition, as it is by Euclid himself. 
Waiving, however, farther discussion of these general 

considerations, and granting Mr. Nixon his postulates of 
expediency and sentiment without farther cavil, we have 
no hesitation in thanking him for having produced a good 
and useful book. The conditions under which he has 
worked are such as to make it unsatisfactory to one who 

seeks for a natural and symmetrical sequence and group- 
ing of propositions forming a well compacted whole, but 
all the materials are there for enabling the student, if he 
has sufficient patience, to make it for himself. The book 
is well furnished with important propositions not con- 
tained in the ordinary editions of Euclid, but various 
excrescences in the shape of addenda and lemmas have 
been necessary to accommodate them, and in these 
addenda those which are of real importance for after use 
are rather hidden amid a crowd of other consequences, 
interesting as results, but not necessary parts of the geo- 

metrical edifice. 
Mr. Nixon has, wisely as we think, distributed his 

axioms and definitions among the propositions, intro- 

ducing each one exactly when it is required, instead of 
commencing with the full series, but it seems to us a 

serious defect that they are neither numbered nor any- 
where collected together for reference. We are rather 

surprised that he has not taken the opportunity of 
revising Euclid’s editors, and reverting to Euclid’s 
division, into common notions and postulates, of what 
modern editions call the axioms and postulates; the 
common notions embracing those general axioms which 

are true for all magnitudes, while the postulates relate to 
geometrical magnitudes only and are the really essential 

basis of geometry. 
While retaining the order of Euclid’s propositions, Mr. 

Nixon has very freely revised his demonstrations both in 
substance and in form. Where he has introduced new 
demonstrations, they are in all cases, we believe, im- 

provements. The famous fos disappears in favour of a 
proof founded on turning the triangle about one of its 
equal sides till it falls again into its original plane. 
Philo’s proof of i. 8 is adopted, and consequently 1. 7 

omitted as useless. In Book II. the diagonals of the 
rectangles disappear. Euclid’s propositions about the 
correspondence of equal chords, arcs, and angles at the 
centre of a circle are proved directly by superposition, as 
recommended in the Syllabus of the Geometrical Associa- 
tion, to which here as elsewhere Mr. Nixon acknowledges 

his indebtedness, but he still retains the propositions 

about similar segments which we should have expected 
him to omit (as in the case of i. 7), as thereby rendered 

useless. Book V. contains the essentials of the theory of 

proportion, deduced from Euclid’s definition, in the form 

first suggested by De Morgan. In Book VI. superposi- 

tion is often employed, where Euclid makes a separate 
construction, but not invariably, as, we think, might have 

been done with advantage. 
We are less satisfied with the form of Mr. Nixon’s 

demonstrations than with their substance. He objects 
strongly to Euclid’s “‘ prolixity,” of which he goes so far 
as to say, after twenty years’ experience as a teacher, that 
“NOTHING is so great a hindrance to the learner.” We 

doubt this, speaking also not without experience, In 
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some respects Euclid’s prolixity, recalling over-and over 

again propositions which have gone before, does much to 
fix them in the memory of the learner and prevent loose- 
ness in reasoning, and though we think Euclid’s style 
admits with advantage of some pruning, we feel that Mr. 
Nixon, with overstrained regard to the examination hall, 
has used the knife too freely, and has run the risk by his 

style and free use of abbreviations and signs of letting 

the young pupil believe, as he is only too glad and ready 

to do, that mathematical work should be written after the 

fashion of a telegram, grammar disregarded, articles and 

little words omitted, and what should be sentences written 

without verb or copula. 
Mr. Nixon has deliberately omitted the usual marginal 

references, on the ground that “learners (1) very gener- 
ally ignore them; and (2) will gain greater benefit by 

having to hunt up the references themselves.” We believe 
he has thereby seriously injured the value of his book. 

Because many boys, in the hands of a careless teacher 

and left to themselves, ignore the references, is hardly a 

good reason why they should not be supplied for those 
who would use them, or who would be required by their 

teacher to use them; and they would be exceptional 
pupils under exceptional teachers who could be depended 
on, or find it easy, “to hunt up the references themselves.” 

Doubtless the exercise of doing this is excellent, but the 
beginner needs some help in doing it. 
We have thought it would be most useful to dwell at 

some length on Mr. Nixon’s revision of Euclid’s text, and 
can only notice generally the exercises and addenda, 
which occupy more than half the book. The collection 

of exercises appears to be very well chosen and complete, 
though we should have been glad to see more of them 
interspersed among the propositions from which they 

naturally flow. 
The addenda include all the more important develop- 

ments of the elementary geometry, as well as an intro- 

duction to many of the methods of the higher geometry. 

As a collection of results in the geometry of the straight 

line and circle this part of the book appears to us from a 

cursory perusal to be excellent, giving a full account of 

the important relations of the triangle and its associated 
circles, centres of similitude, coaxial circles, &c. ; while 

for methods the elementary notions and use of cross 

ratios, harmonic ranges, inversion, poles and polars are 
explained and applied to such an extent as to prepare the 
student naturally for their application to geometry beyond 

that of the straight line and circle. We fail, however, to 
find such prominence given to the great principles of 
duality and reciprocity as their importance, scarcely less 
in elementary than in the higher geometry, appears to us 
to demand. 

The typography, and the accuracy and clearness of the 

figures, are to be commended as worthy of the Clarendon 
Press. RB 

OUR BOOK SHELF 
Practical Histology and Pathology. By H ‘ i 5 a . By Heneage Gibbes 

M.D. Third Edition. (London: H. K. Lewis, 1885.) 
THE text in this edition does not, on the whole, differ 
much from that of the previous editions, some new useful 
formule of staining and a more comprehensive arrange- 
ment of the subject-matter being the chief differences. 

The tables given at the end of the book as to the con- 
version of degrees of Centigrade into Fahrenheit and 
vice versa, as to the conversion of English weights and 
measures into French, are in some points incorrect, and 
might have been easily correctly copied from any standard 
work. E. KLEIN 

Farm Live-Stock of Great Britain. By Robert Wallace, 
F.C.S. F.H.A.S., &c., Professor of Agriculture and 
Rural Economy in the University of Edinburgh. 
(London: Simpkin, Marshall, and Co.; Edinburgh: 
Oliver and Boyd, 1885.) 

WITHIN 200 pages octavo, of rather large type, does Prof. 
Wallace condense much useful information upon farm 
live-stock. It must, however, be evident that to treat of 
cattle, sheep, swine, and horses, from a biological, an 
agricultural, and an economical point of view would at 
least require double the number of pages, containing 
twice the number of words, and folded quarto. Brevity 
has been said to be the soul of wit; but in a work such 
as this we cannot but feel that it must be intended by its 
author either for those who know nothing or for those 
who know something of the subject. It appears to us to 
fall short of the requirements of each of these classes of 
readers. Four and a half lines—forty words, in fact—upon 
the Devon breed of cattle cannot be considered adequate, 
however terse and compressed they may be (and to the 
point they undoubtedly are), to giving a good word-picture 
of this race. Besides, Prof. Wallace must excuse us for 
differing from him as to his statements even in this very 
short description. Heis wrong in saying “colour blood- 
red, no white.” There is white upon the fore-udder in 
almost all Devon cattle, and it is unfortunate that there 
should be a manifest error in this very short description 
of an important breed. 

The book aims at too much, and is too vague in its 
general plan. The writer is successful in being concise, 
but he is not free from érrors, and a greater amplitude in 
his observations would have both conferred a greater 
general interest upon his pages, and been more satis- 
factory to an earnest student of agriculture. Let us 
hope shortly to see an enlarged edition. 

Common-Sense Euclid. Books 1. and II. Part I. By 
the Rev. A. D. Capel, M.A., St. John’s College, Cam- 
bridge. (London: Joseph Hughes, 1886.) 

THE object of this book, as the author tell us, is to point 
out, especially to teachers and those teaching themselves, 
the portions of the treatise which either present difficulties 
to the beginner or escape their notice altogether. 

The propositions are explained in a very clear and 
concise way, some of them being even worked backwards 
and their analysis being made in every case; explana- 
tions are given, here and there, where they are most re- 
quired, and are put in the easiest possible way. Problems, 
at the end of each proposition and also at the end of the 
book, are given, making a total of 300, followed by hints 
for their solution. 

The figures are not placed opposite each proposition, 
as they are in most editions, but all together at the end. 
The plan adopted is avery good one, it being understood 
that the student must construct the figures for himself. 

Arithmetic for Schools. By the Rev. J. B. Lock, M.A. 
(London: Macmillan and Co., 1886.) 

THIS is a carefully prepared school-book, forming, as to 
scope, a sort of arithmetic mean between Hamblin Smith’s 
and Brook Smith’s or Muir’s. It contains the usual 
rivulets of text ending in seas of examples. In the purely 
arithmetical part of the book logical accuracy is attempted 
with considerable success. Want of grasp is much more 
evident in the part which deals with the applications. 

j There the division into subjects is strangely illogical, and 
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slight inaccuracies of thought and language occur. Is it 
really the case, for example, that rate of interest (p. 181) 
is totally independent of ¢zme ? 

LETTERS TO THE EDITOR 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space ts so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Chlorophyll 

In ashort note in NATURE (vol. xxxii. p. 342) I mentioned 
the discovery ofa colourless substance produced by the action of 
reducing agents on chlorophyll and regenerating, on being 
exposed to the air, the original green solution. I may be 
allowed to add to my previous statement that if this reaction 
is not pushed too far and the resulting substance is duly con- 
centrated, it is not colourless, but of a reddish-brown by day- 
light, of a splendid ruby red (very different from the well-known 
port-wine red colour of chlorophyll) by limelight. Its spectrum 
is chiefly characterised by the total absence of band I., and the 
presence of a broad band corresponding exactly to band II., and 
the two intervals between I. and II., and between II. and III. 
Band IV. seems also to be present, though somewhat altered in 
its position and intensity. 

The presence of a slightest trace of oxygen is immediately 
announced by the appearance of the I. chlorophyll band, so 

a. BEC. D, E, b. 
20 JO go 50 60 70 SO 90° 700 ns 1 

L. TH, | I. z 

Z | | 

I. a 

i) 

— 

IAA 
| 

| | HAN 

[= 

that the reaction may be considered as a most sensitive test for 
oxygen. On further exposure to the air, as already mentioned, 
chlorophyll is regenerated. This new substance being evidently 
a product of reduction of chlorophylline, the green-colouring 
matter of chlorophyll isolated and described by me in 1869, it 
may be called protochlorophyiline, or simply protophylline. 

Its solutions can be kept in sealed glass tubes containing H, 
or CO,: ¢ this latter casein a dark place, for on being exposed to 
light they turn green. Can it be inferred from these facts that 
the oxidation takes place at the expense of CO,—that carbonic 
acid is actually reduced under the joint action of light and of a 
chlorophyll solution? The question, if answered in the affirma- 
tive, is of so great importance, that I am now taking all the 
pains to arrive at a definite conclusion. 

The optical properties of protophylline seem to indicate its 
presence in freshly-prepared chlorophyll solutions. Indeed the 
difference presented by the spectrum of a freshly-prepared green 
solution and that of Mr. Stokes’s modified chlorophyll may be 
easily accounted for by the presence in the former of the broad 
protophylline band intercepting the rays of light in the two 
intervals between the bands I. II. and III., as just mentioned. 
To the presence of different quantities of srotophylline may be 
likewise attributed the varying relative intensity of the bands 
Ii. II. 1V.,—a fact that has attracted the attention of many 
observers, 

At all events, it cannot be doubted that the study of this 
curious substance, though attended with considerable difficulties, 
all the operations taking place in a total absence of oxygen, 
and under the continual+control of the spectroscope, will 
throw a new light on that most important of physiological 
problems—the part played by chlorophyll in the decomposition 
of carbonic acid by the living plant. C. TIMIRIAZEFF 

Moscow University 

The Stone Age in the Malay Peninsula 

In NaTuRE, vol. xxxiii. p. 377, there is a notice of a paper 
by M. de Morgan, published in Cosmos, on the Stone Age in 
the Malay Peninsula. Will you permit me to offer a few remarks 
with reference to this matter. In the first place, it is said that 
M. de Morgan came into contact with three native races, which 
he respectively names Sakayes [Sakaij, Seumangs [Sémang], 
and Rayats [Ryot]. I have put in brackets the commonly- 
accepted spelling in the Straits. It is funny what peculiar mis- 
takes travellers make when passing through a country the 
language of which they do not understand, ryot being the word 
used in the Straits to express those followers or retainers of a 
native chief who are not actually his debt slaves, but who owe 
him more or less of feudal allegiance ; Malays here invariably 
use the word when speaking of the following of a Sakai chief. 
The word ryot is, I believe, also used in the same sense in 
India. With reference to the tribes of whom M. de Morgan 
speaks as living in the recesses of the mountains, and whom the 
Sakaies called ‘‘ fire apes,” I cannot help remarking that I have 
never heard the Sakaies speak of them myself, nor can I find 
that any other Government servant here has heard of them 
either ; still we are in pretty constant communication with 
certain of the Sakaies of these hills, and for my part I have at 
different times stayed for longer and shorter periods at the 
clearings of some of the chiefs whom M. de Morgan visited, 
and moreover I have employed most of the same Malays who 
followed M. de Morgan. By the bye, these were Sumatran 
Malays, and they told me some very extraordinary tales about 
the wild tribes before I started up country with them; these 
foreign Malays are especially addicted to telling marvellous tales 
of the wild tribes of the mountains, but so far I have not 
been able to verify their information in the least degree either 
from the Sakaies themselves or from native Malay sources. It 
would be interesting to know what equivalent was used for the 
expression ‘‘ fire apes.”” Was it a Malay word or a Sakai word ? 
With reference to the Stone Age I quite agree with M. de 
Morgan in believing that at a not very late period—probably 
just before the Malay invasion—there were tribes living 
in the interior who were not acquainted with the use of 
iron; up to the present moment I have been able to col- 
lect twenty-two stone implements. I have sent drawings 
and notices of these to the Anthropological Institute. I 
may, however, here mention that of these twenty-two speci- 
mens one is the half of a stone bracelet; the rest are all 
chopping-tools of different descriptions, used, I think we may 
fairly conclude, by a race of boat-builders, who most likely con- 
structed dug-outs, much like the Malays of the present day. I 
adduce this supposition from the fact that of my twenty-one 
specimens two are perfect gouges, and six others are of the 
description which Dr. Evans has classed under adzes. The 
cutting-edges of nearly all my specimens have been considerably 
damaged by use. The high polish which M. de Morgan’s speci- 
mens—and mine also—exhibit is, I think, accounted for in a 
great measure by the fact that they are used and very highly 
prized by the Malays as whetstones ; the women preserve them, 
especially to sharpen their razors on, with which they shave the 
heads of their children during the periods ordered by custom or 
religious law ; and the men were, until lately, very anxious to 
procure them to sharpen the iron spurs used in cock-fighting. 
As almost all of the specimens procured by me have been pur- 
chased of Malays who have inherited them from their ancestors, 
and prized them as heir-looms, it is, I think, reasonable to sup- 
pose that in their original condition some of them, at least, were 
considerably rougher than when they came into our hands ; this 
supposition is further confirmed by a remark made to me the 
other day by a Malay chief. He said that he once had a thun- 
derstone given to him which was so rough that he had to wear 
it down on his emery-wheel before he could use it as a whet- 
stone. I haye one specimen which has no cutting-edge, but is 
squared off at each end and is almost spindle-shaped. I have 
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also seen another specimen of the same description. Ua. -- 
that these two specimens have been manufactured by Malays for 
whetstones out of the so-called thunder-stones? I cannot 
account for them in any other way; they are too slight for 
hammers. 

For my part, I have always found the Sakaies especially 
wanting in every respect as to traditions beyond the memory of 
their own generation, and they have invariably answered my 
inquiries as to the origin of the stone axes by saying, like the 
Malays, that they are thunder-stones. To such an extent is this 
belief held by Malays, that the other day a Malay of considerable 
social standing assured me that once a cocoa-nut palm was struck 
by lightning close to his house, and that about a month after- 
wards he searched about the roots of the tree and found the 
thunder-stone which was the cause of the damage: it was this 
man’s father who for several years kept a fire alight in his house, 
which fire was generated from the same tree after it had been 
struck by the electric current. 

I have already drawn attention to the Malay belief as to these 
so-called thunder-stones (NATURE, vol. xxxii. p. 626), My 
specimens are all in the Perak Museum at Thaiping. 

Kinta Perak, April 5 A. HALE 

On a Thermo-electrical Phenomenon in Connection with 
Prof. Balfour Stewart’s Paper on Terrestrial Magnetism 

In the Philosophical Magazine for May Prof. Balfour Stewart, 
in his paper ‘‘On the Causes of the Solar-Diurnal Variation of 
Terrestrial Magnetism,” takes in one place (p. 443), for an 
example, the case of ‘‘an ordinary electric circuit, say. of a 
circular shape, and horizontal, and heat it by causing some 
source of heat, such as a lamp, to travel slowly around it with a 
definite rate of progress.” He goes on to say that no current 
due to the heating will take place. So it would generally be 
thought. If, however, the experiment be even roughly tried, at 
all events with an iron or nickel wire, the contrary takes place. 
An account of the experiments, &c., which I have made on this 
subject, was read before the Royal Dublin Society on March 24, 
and will, in the course of time, be printed in the Society’s Pro- 
ccedings. Though there is a current in a wire on causing a 
heated portion to travel along it, it seems unlixely from the 
nature of the phenomenon that it could in any way be inferred 
that the higher air would similarly affect a current under the 
sun’s heating. FRED. S. ‘TROUTON 

Physical Laboratory, Trinity College, Dublin 

Do Migratory Birds Return to their Old Haunts? 

MucHu evidence has been given by naturalists to prove that 
birds of passage return to their old haunts. The following, I 
think, may be of interest to some of the readers of your valuable 
paper. For the past two springs a cuckoo gifted with a 
decidedly peculiar note has visited this neighbourhood. Within 
the last fortnight it has again arrived. Its song consists of three 
clear distinct notes, cuck—coo—coo, the second note being a 
semitone above the last. This it never varies. We all know 
that towards the end of its sojourn the cuckoo suffers from 
hoarseness, or, as the country people say, ‘‘ changes its tune.” 
Although this bird suffers in a similar way, yet it still maintains 
its peculiar song—three notes. As far as I can ascertain, it 
does not wander beyond the same limits—from the park here to 
alittle hill about half a mile distant. I think these facts not 
only conclusively prove that the cuckoo returns to its old 
quarters year after year, but that it also restricts itself during its 
stay in this country to the same locality. F.C. TAYLOR 

Summerleaze, East Harptree, May 13 

The Poison of the Stinging-Nettle 

IN the interesting article in your issue for May 6 (p. 5), on 
‘*Plants and their Defences,” there is one sentence on which I 
should like to be allowed to offer a few remarks. It runs 
thus :—‘‘ This fluid [of the stinging-gland of the stinging-nettle] 
is generally conjectured to be formic acid—a view based on the 
fact that this acid can be obtained from the nettle-plant by 
suitable means.” Does this ‘‘conjecture” rest on any other 
basis than the similarity of the effect produced by the sting of 
the nettle and the bite of the ant? I am inclined to think not. 
Certainly the fact that formic acid can be obtained: from the 
nettle-plant is not in itself a cogent argument, seeing that it has 

cell-sap Ot lVing ‘pianctd ic a wi F : ts 9 widely-sprez 
harmony with the fact that the fiuid coneaseConstituent of the 
glands of the nettle has frequently, if not always, an alkaline 
reaction. It seems strange that we have at present no trust- 
worthy observations on so interesting a question. Can none of 
our physiological chemists come forward and remove it from the 
region of conjecture ? ALFRED W. BENNETT 

St. Thomas’s Hospital, May 13 

What is Histioderma ? 

CAN any of the readers of NATURE inform me to what class 
of fossil organisms belongs the genus Histioderma? Mention 
of the name—but of the name only—is made by Sterry Hunt 
in this journal, vol. vi. (1872), p. 54, and by Hicks in the 
Quarterly Fournal of the Geological Society of London, vol. 
xxix, part I, 1873, table facing p. 42. It does not occur in 
Broun’s ‘Index Palzeontologica,” in Pfeiffer’s ‘* Nomenclator 
Botanicus,” nor in Scudder’s ‘* Zoological Nomenclator.” The 
name is not to be confounded with that of Carter’s genus, 
Histoderma, established 1874, for recent sponges. 

Leyden, May 15 

| ON THE INFLUENCE OF FORESTS ON THE 
CLIMATE OF SWEDEN}! 

/ANM BS 2URNE oe Report on this subject has been prepared 
by Dr. H. E. Hamberg, and printed as an appendix 

to the Report of the Forest Commissioners of Sweden for 
the year 1885. The observations were commenced in 
1876, on the principles established by Dr. Ebermayer in 
Bavaria, but Dr. Hamberg soon found that the mere com- 
parison of the results obtained at the forest station with 
those yielded by its sister station in the open country was 
insufficient to bring out all the peculiarities of forest in- 
fluence, and accordingly he added a third class of station, 
situated in a clearing in the forest itself (oppen plats z 
skogen). The various results of these observations are 
discussed in a very exhaustive manner, and we must refer 
those interested in the subject to the Report itself. The 
author’s conclusions, however, are very interesting, and are 
reproduced here in full. 

“Our researches do not allow us to determine whether 
the presence of the forests on the whole contributes to in- 
crease or diminish the quantity of heat in the atmosphere, 
that is to say, to raise or lower its temperature. In fact, 
we have been entirely unable to take into account either 
solar radiation or the radiation from the needles * and the 
points of the trees. Until we are able to ascertain the 
quantity of heat which escapes from these surfaces, and 
its relation to that escaping from other surfaces, it is quite 
impossible to determine with certainty the influence of the 
forest on such an important subject as the mean tempera- 
ture, and must confine ourselves to approximate estima- 
tions. Among the various surfaces which are met with in 
Sweden the most important are assuredly water, bare 
ground or rock, soil covered by herbage, and finally forest. 
Neither the surface of the lakes and sea nor the bare soil 
of town streets have any resemblance to the forest: the 
climate of the latter bears no similarity to a maritime 
climate or a town climate. A forest may best be con- 
sidered as an instance of vegetation on a gigantic scale, 
as is evident from the low temperature of the ground 
under the trees, and the freshness of the air in summer, 
especially in the evening and at night-time, thus affording 
evidence of active radiation. In this case the forest would 
be a source of cold rather than of heat. But here we are 
simply dealing with suppositions. 
“From this point of view a forest is distinguished from 

all the other surfaces we have mentioned, in that it extends 
into a stratum of air lying far above that in which man 
lives and carries on all of his occupations which depend on 

t ««Om skogarnes inflytande pa Sveriges klimat.” From Quart. Journal 
Roy. Met. Soc. for April 1886, communicated by Mr. R. H. Scott, F.R.S. 

? The forests dealt with were entirely of pines and firs. 
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“ a fal 
climate, such as agriculture, &c. It shoulg. ftirce Or a 

this that wheth-- vs a cerect of heat, the one or the 
ouer should, thanks to the winds, be communicated to a 
greater mass of air, and be less sensible in the stratum 
close to the ground. The thermic properties of other sur- 
faces are more immediately available in the lower stratum, 
and consequently, from the practical point of view, exert 
a greater influence on the temperature of the earth and of 
its immediate vicinity. 

“Tf, then, we confine our consideration to that which 
from the practical point of view is perhaps the most im- 
portant, the influence of forests on the state of tempe- 
rature in the stratum in which man generally lives, in so 
far as this can be determined in the ordinary way by ther- 
mometers, I think that our reply for this country (Sweden) 
will be less uncertain, and it is as follows :— 

“In the districts of our country which are open and are 
cultivated, during the annual interval of cultivation, a 
forest lowers the temperature of air and soil during 
evenings and clear nights, restricting the period of daily 
insolation, and thereby checks vegetation. 
“The other influences of forests on temperature are 

either so slight that they possess no practical importance, 
as, e.g, the moderation of cold in winter, or else are of 
such a character that they elude the ordinary mode of 
observation by thermometers. Among the effects of this 
nature we may mention the well-known fact that forests 
afford shelter against cold and violent winds to vegetation 
which would suffer from these winds, or to objects whose 
temperature is higher than that of the environment, as for 
instance the human body. It is in this last respect that 
the Swedish saying is true, namely, that ‘the forest is the 
poor man’s cloak.’ In certain cases it may also yield 
protection against the cold air or fog which on cold nights 
comes from districts in the vicinity which are visited by 
frost. The advantages on the score of temperature 
derivable from the forest may therefore be considered to 
resemble that obtainable from a wall, a palisade, a hedge, 
or any object of that nature. 

““On the one hand a forest, where it is close at hand, 
offers mechanical protection against cold and violent 
winds. On the other hand, it does injury either by re- 
taining the solar heat required by crops, or by lowering 
the temperature of the soil during clear nights, and thus 
favouring the development of hoar-frosts. At a distance 
forests have no sensible influence on the climate of 
Sweden. 

“Tf we wish to put these results to a practical applica- 
tion, it is impossible to say in general whether one should, 
or even could, clear the forest without injuring agriculture. 
But it appears that as regards the temperature, if we dis- 
regard the utility of forests in other directions, we might 
make extensive clearances without any prejudice to agri- 
culture. It is certainly not a mistake to say that our best 
cultivated districts are the freest from wood, nor is it a 
mere chance that the harvests are, on the whole, more 
sure in the open country than in the forest. In the event 
of a bad harvest it is, as I well know, the wooded districts 
which have suffered most. At the same time I must at 
once admit that these provinces are also influenced by 
other powerful physical factors, possibly even more active 
than forests, such as an elevated situation, a bad soil, the 
presence of swamps, &c. But nevertheless it appears to 
ine, after all that has been said in the preceding pages, that 
the forest has some bearing on the subject. 

“At the present day, the words spoken 130 years ago 
by Pastor P. Hégstrém, and at that time member of the 
Swedish Academy, are very generally applicable, inasmuch 
as it has been found that cultivation can to a great extent 
remove from a district its tendency to hoar-frost; this 
same result has frequently been obtained by draining or 
by clearing the forests, particularly those of deciduous 
timber, where the fogs, especially those which bring on 

, -pp~ar wo Nave their origin and their aliment. On 
the contrary, a pine forest is an excellent shelter against 
cold, especially when it can stand between the country 
and marshes or surrounding districts where the cold has 
its rise. If, however, the forest interferes with sunshine 
and with wind, it should be cleared. It results, therefore, 
that while in some districts the clearing of a forest has 
been beneficial in averting hoar-frost, in others the result 
has been directly the opposite.” 

RESULTS DEDUCED FROM THE MEASURES 
Of TERRESTRIAL MAGNETIC FORCE IN 
THE HORIZONTAL PLANE, AT THE ROVAL 
OBSERVATORY, GREENWICH, FROM 1841 
TO 1876 

IR GEORGE AIRY has recently published a valu- 
»“ able and extensive series of diagrams representing 
the diurnal changes in the magnetic forces in the hori- 
zontal plane at Greenwich between 1841 and 1876. In 
an introduction, the ex-Astronomer-Royal gives a short 
statement of the circumstances under which the magnetic 
work was undertaken at Greenwich, and the various 
changes which have taken place. With regard to the 
curves here brought together he writes as follows :— 

The form of the curves, and the position of the points 
on them corresponding to hours of solar time, leave 
no doubt that the diurnal inequality is due mainly—and, 
as far as I can judge, entirely—to the radiant heat of the 
sun ; and, it would seem, not to its heat on the earth 
generally, but to its heat on points of the earth not very 
distant from the magnets. In the hot months of the year 
the curve, though far from circular, surrounds the central 
point in a form which, as viewed from that central point, 
never crosses itself, and is, generally speaking, usually 
symmetrical with regard to E.and W. But in the cold 
months the space included in the curve is much smaller, 
in many cases probably not one-fifth of what it is in the 
summer months ; and the curve often crosses itself in the 
most bizarre fashion, with irregular loops at these 
crossings. In the summer months there is a certain 
degree of symmetry ; but here is, constantly, a preponder- 
ance on the west side, which leads me to imagine that 
the magnetic effect of the sun’s heat upon the sea is con- 
siderably greater than the effect on the land. 

To obtain some numerical basis for a report which, 
though undoubtedly imperfect, may convey some ideas 
on this wonderful subject, I have adopted the following 
course. I have confined myself to the months of June 
and July as probably the two hottest, and the months of 
December and January as probably the two coldest. In 
each of the curves applying to these months I have laid 
down a system of rectangular co-ordinates corresponding 
to the Greenwich astronomical meridian, and the line at 
right angles to the meridian (the geographical E. and W.). 
The extreme north ordinate and the extreme south 
ordinate were measured, and their sum taken, and inter- 
preted by a scale of measure formed in accordance with 
the theory of the instruments, and this interpretation 
forms the “range of meridian force in terms of the mean 
horizontal force.” In the same manner, the “range of 
transversal force” is measured. As the time of each two- 
hourly or hourly result is marked on the curve, there is 
no difficulty in fixing. approximately on the solar times 
corresponding to the extreme N. and S. values and the 
extreme E. and W. values mentioned above. These are 
all the elements of the magnetic record which are 
included in the table. 

? 

MOVEMENTS ON THE SUN’S SURFACE 

M A. BELOPOLSKY, of the Moscow Observatory, 
* states in Astronomische Nachrichten, No. 2722, 

some considerations of much interest regarding the solar 
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rotation. They are based upon a hydrodynamical investi- 
gation by Dr. Jukowsky, showing that in a liquid globe of 
which the angular rate of rotation increases from centre 
to surface according to a certain law, superficial currents 
set from the poles towards the equator, but take the 
opposite direction if the rotation be accelerated from sur- 
face to centre. These theoretical deductions have been 
experimentally verified by M. Belopolsky. A new criterion 
is thereby furnished as to the fashion of the sun’s internal 
rotation. For both Spérer and Carrington have recog- 
nised that the motion of spots in latitude tends, on the 
whole, poleward ; while the closing in towards the equator, 
with the progress of each epoch of disturbance, of the 
zone in which spots, facule, and prominences chiefly 
manifest themselves, is a well-recognised feature of 
periodical solar activity. This zonal movement is held to 
depend upon currents at considerable depths, but the 
drift of individual spots upon surface-flow ; hence the 
sun’s system of circulation is such as to indicate, accord- 
ing to Jukowsky’s theory, rotation accelerated towards 
the centre. 

The cause of this inequality is found by M. Belopolsky 
in the non-homogeneous character of the solar globe. 
Assuming that the variations of its density conform to the 
law adopted by M. Roche for the terrestrial spheroid 
(p = p, (1 — B7*)), it follows that gravity must attain a 
maximum at a certain depth below the surface (this depth, 
in the case of the earth, is 1/6th of the radius). Under 
these circumstances the rate of rotation and amount of 
polar compression of successive solar strata must vary 
with gravity, and in the same sense. It is, moreover, 
highly probable that gravity and angular velocity will 
attain a maximum simultaneously. The ensuing frictional 
acceleration of the superimposed slower-moving layers 
is so conditioned as to lead directly to a law of surface- 
rotation identical with the empirical formula arrived at 
by Sporer from observation solely (§ = + acos #). 

The minimum period of rotation for an interior solar 
shell, computed according to the foregoing hypothesis, is 
21°3 days; the longest observed period for any part of 
the superficial globe is 27-5 days The mean of the two 
(24:4 days) differs very little from the period of 24°5 days 
deduced by Hornstein from magnetic observations. It is 
pointed out that Faye’s va¢zona/e of the peculiar character 
of the sun’s rotation implies for an inner nucleus the 
improbably short period of 2°2 to 3 days. 

EDUCATION IN THE UNITED STATES! 

HE work of education in the United States of 
America, as delineated in the Commissioner’s report, 

is making steady progress and keeping pace with the 
great increase of population in that country, where are 
266 cities with an average of 40,000 inhabitants, and a 
lowest limit of 7500. Various States are able to perceive 
that a more efficient course of education provided in 
them for the next generation is one of the greatest attrac- 

tions to those earnest striving settlers who are the back- 
bone of a growing country; and money and energy in 
increasing amounts are devoted to the purpose. The 
successful guidance of these powers to desired results ; 
depends largely upon the selection of capable district 
superintendents who will provide for the more careful 
selection and improvement also of teachers, and introduce 
the best methods and the best facilities of instruction ; 
thus making common to the many what would have been 
confined to the extra intelligent few. The first use, there- 
fore, to be made of liberal money votes is the provision 
of high-class inspectors, who can be secured only by 
higher salaries. One important duty of these officers 
arises from the system of establishing schools in every 

1 “*Report of the Commissioner of Education for the Year 1883-84.” 
(Washington, Government Printing Office, 1885.) 

| district being so perfect in all of the United States, that 
in Connecticut, for example, there are 158 school districts 
which haveless than eight scholars in attendance during the 

| year, and one case is quoted, not as being by any means 
unparalleled, of a school having only four scholars during 
the year, and for three months having one only, whose 
education consequently cost the district 60 dollars. In 
such circumstances the State inspectors can recommend 
the consolidation of several of these school districts into 
one. Where this cannot be done, it is not likely that an 
efficient, qualified teacher can be secured for each. Yet 
rather than this scattered population should grow up half 
taught, the New York superintendent of popular instruc- 
tion recommends that a sufficient salary shall be made 
good out of State or general Government funds. It is the 
more necessary to meet this difficulty as population is not 
everywhere increasing. In Maine, for example, popula- 
tion has decreased, and the number of school districts 
has been reduced already. 
In Massachusetts a greater number of scholars than 
the whole number of the school population (from 5 years 
of age to 15) were enrolled; but, on the other hand, 
Maryland and Virginia showed only 23 and 295 per cent. 
attending, and what reports could be gained from Louisiana 
showed only 19 per cent. enrolled, and not above 13 per 
cent. attending. Of course, in such a State, there is the 
double difficulty of getting the coloured population to 
school and of raising the money to pay for it; poverty 
standing in the way of fair remuneration of teachers as 
much as the lazy ignorance of the blacks in that of 
regular attendance. Naturally halfday sessions have 
suggested themselves as being economical in every way, 
requiring only half the staff of teachers, and half the 

| schools and school-furniture. Buta danger in this system 
is lest the teacher should be overworked ; and, where he 
is able to do so greatly increased work, it is fairly 
recommended that his salary should be increased accord- 
ingly. A great variety of work therefore presents itself to 
the inspectors, and much discretion and knowledge will 
be required to meet all emergencies. 

It is easy to see that no New World organisations or 

ambitions are any match for the evils of population bred 
down to the point of a hard struggle for existence. These 

evils are developing in America as fast as they did in 

ancient cities. Truancy is increasing, and many children 

never attend school even in such a city as Providence, 

R.I. New York experience acquits employers of labour 

of any mischievous influence in the matter. It is curious 

to note that while in England charitable funds have been 

diverted gradually to the education of the more promising 

children, and School Boards have had intrusted to them 

the unpromising residuum, in American great, cities 

the public schools take in all the former, while the 

benevolent are urged to take up the work of teaching the 

latter, for whom the regular course is too advanced. 

Free education, approved by certain States, can be more 

easily adopted in-such a state of things, where the large 

ratepayers get large advantages, than in a country like 

ours, where payment made and advantage to be gained 

would be in exactly inverse ratio. ‘ : 

A very large proportion of the pupils in the primary 

schools are of the ages of 8 and 9, and the number who 

pass on to the secondary schools is about 40 per cent. ; 

but not 1 in 12 of these reaches the higher standards of 

the secondary schools. Since. also 60 per cent. never get 

beyond the elementary schools, the report urges how 

needful it is that the education given in these schools 

should be as complete in itself as possible, and not 

merely a preparatory step towards the “srammar” or 

secondary studies. The different proportions of arith- 

metic required in the different cases will force this upon 

the mind at once. Elsewhere in the report it is taken as 

an accepted rule that more cultivated fitness is required 

to teach a primary than a model school. 
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The number of females attending the second-grade 
schools is equal to the number of males, and three-fifths | 
of the teachers also in these schools are women. So 
many important institutions having for their main object 
the higher education of the sex have been opened in the 
United States that it is considered that the special exam- 
inations of females conducted for some time past under 
the auspices of the Harvard University may now be 
dropped. The number of them competing for scholastic 
honours on the same basis as the men is steadily increas- 
ing ; “but,” the report suggestively adds, “not rapidly 
enough to threaten any disturbance of existing social, 
domestic, or business relations.” 

One association for promoting the bigher education of 
women reports that while the physique of lady students 
is higher than among women at large, yet that even that 
of the former is painfully low, and requires that measures 
should be taken against so dangerous a deterioration. 

With regard to the co-education of men with women, 
a committee, appointed by a Western College to inquire 
into the subject, conclude by saying :— 

“Joint education of men with women in the higher 
studies has now been tried in a sufficient number and 
variety of colleges, and for a sufficient length of time to 
prove that no special difficulties and evils grow out of it, 
and that it does away with the greatest difficulties and 
evils of the old monastic system. It makes college life 
and society more nearly human instead of only ‘half- 
human.’ The half-human ever verges first and last 
towards the bestial, whether in armies, on shipboard, in 
miners’ camps, or in colleges, monasteries, or nunneries. 
It would be wise to humanise the colleges still more, 
rather than to begin the process of dehumanising them.” 

It is then urged that all lectures and studies should be 
conducted in as public a manner as possible, and attended 
by friends and relations of both sexes. 

Kindergarten teaching is being carried out more largely, 
but is making its way more as a charitable institution 
than as a branch of education. Very appropriately it is 
becoming the ladies’ charity ; its work is found specially 
beneficial as the early beginning of a reformatory educa- 
tion for the purpose of overcoming inherited vicious 
propensities and physical infirmities. Most energetic 
efforts for this purpose are being made at San Francisco 
in particular. 

Attention is specially called in this report to the desir- 
ability of teaching history so as to make the reading of 
it an intelligent study, attractive to its learners, who will 
fill up leisure time with its pursuit instead of, as of old, 
insisting on the laying to heart long tables of dates and 
dry facts, “killing the life out of the subject, disgusting 
the pupils, and giving them a dislike for historical 
reading.” 

Colleges of the highest class keep increasing in num- 
ber, yet, nevertheless, the totals of teachers and pupils 
are sinall for the proud name each claims of “ University.” 
Some have resigned that title and devoted themselves to 
school work ; but more fresh ones have sprung up which 
constitute a splendid force for future generations when 
their work, their wealth, and the population supporting 
them, have been multiplied. The fact of a superabund- 
ance of such institutions proves how highly learning even 
of the least utilitarian character is esteemed. 

Perhaps traceably to temporary reasons, classics seem 
to be gaining rather than losing ground upon physical 
science at Harvard, a higher standard of instruction ard 
attainment having been required in the latter. Technical 
schools, however, make steady, though not rapid, progress. 
Agriculture, mining, and building form so large a propor- 
tion of American employment that full ‘attention can be 
given to these subjects with little hesitation. The bulk 
of their pupils are at once absorbed in further teaching, 
instead of putting into practice what they know, with 
their own hands. 

The United States Commissioner of Education takes 
an annual survey of the whole educational world, and 
presents it to all who study his report, and when the sub- 
jects to be taught a different people like the 200,000,000 
of British India are in it placed side by side with those 
which seem important in our own schools, a question 
suggests itself whether scientific teachings have not a 
better claim than the old knowledge to the title of 
“literee humaniores.” We see how local and confined 
are classical and historical studies, and of what common 
value to the whole human ra:e are the elements of natural 
and physical science. 

The free education which Texas and others of the 
United States are in favour of is not recommended by 
our Commissioners even in a country where it would 
interfere with so few vested interests as in India. 
We are glad to know that a work on public libraries 

is progressing, which is intended to supplement the special 
report published in 1876. 

There are 11,663 institutions in regular correspondence 
with the Bureau, and no one reading this report can fail 
to see the importance of a common centre of communi- 
cation to so many and so various efforts to carry on the 
great work that will have such an influence ovcr the next 
generation. A central nucleus, again, to this organisation 
must be a library, by reference to which inquiries from so 
many quarters on so many subjects may be answered. 
It is hard, therefore, to believe it a wise economy of a 
great nation to cut down the allowance for so permanent a 
part of the office as this from 1000 dollars to 500 dollars, 
which, nevertheless, has been done. 

W. ODELL 

COLLECTION OF HAIRS AFTER EARTH- 
QUAKES IN CHINA 

N Dr. Macgowan’s “ Note on Earthquakes in China,” 
republished in NATURE for May 6 (p. 17), I find the 

following passage :— 
“The tremors that are experienced in Chehkiang, 

Kiangsu, and coterminous regions to the west, are some- 
times followed by the appearance on the ground of sub- 
stances that in Chinese books are styled ‘white hairs., 
When I first called attention to records of that kind that 
are found in local gazetteers, I suggested that they might 
be crystals precipitated by gaseous emissions, such as 
were once reported as occurring after an earthquake in 
south-west of the United States; from later descriptions 
of these ‘ horsetail-like’ substances I incline to the opinion 
that they are organic, perhaps mycelium.” 

I think there can be little doubt that Dr. Macgowan’s 
conclusion is well founded, and that the “white hairs” 
have no real connection with the earthquake. 

In 1852, during one of the late Mr. Fortune’s visits to 
China, he experienced the shock of an earthquake at 
Shanghai. He gives the following curious account in 
““A Residence among the Chinese” (pp. 4, 5), of the 
subsequent search for the hairs:— 
“Groups of Chinese were seen in the gardens, road- 

sides, and fields engaged in gathering hairs which are said 
to make their appearance on the surface of the ground 
after an earthquake takes place. This proceeding at- 
tracted a great deal of attention from some of the foreign 
residents in Shanghai, and the Chinese were closely ex- 
amined upon the subject. Most of them fully believed 
that these hairs made their appearance only after an 
earthquake had occurred, but could give no satisfactory 
explanation of the phenomenon, while some, more wise 
than their neighbours, did not hesitate to affirm that they 
belonged to some huge subterraneous animal whose 
slightest shake was sufficient to move the world. 

““] must confess, at the risk of being laughed at, that 
I was one of those who took an interest in this curious 
subject, and that I joined several groups who were 
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searching for these hairs. In the course of my travels I 
have ever found it unwise to laugh at what I conceived to 
be the prejudices of a people simply because I could not 
understand them. In this instance, however, I must con- 
fess the results were not worth the trouble I took. The 
hairs, such as I picked up, and such as were shown me 
by the Chinese, had certainly been produced above the 
earth and not below it. In some instances they might 
readily be traced to horses, dogs, and cats, while in others 
they were evidently of vegetable origin. The north- 
eastern part of China produces a very valuable tree known 
by the name of the hemp-palm [Chamerops Fortunet, 
see Kew Report, 1880, p. 31], from the quantity of fibrous 
bracts it produces just under its blossoms. Many of these 
fibres were shown to me by the Chinese as a portion of 
the hairs in question; and when I pointed out the 
source from which such had come, and which it was 
impossible to dispute, my friends laughed, and, with 
true Chinese politeness, acknowledged I was right, 
and yet I have no doubt they still held their former 
opinions concerning the origin of such hairs. The whole 
matter simply resolves itself into this: if the hairs pointed 
out to me were the zvwe ones, then such things may be 
gathered not only after earthquakes, but at any other 
time. But if, after all, these were not the real things, and 
if some vegetable (I shall not say animal) production was 
formed, owing to the peculiar condition of the atmo- 
sphere and from other causes, I can only say that such 
production did not come under my observation.” * 

W. T. THISELTON DYER 

THE U.S. GEOLOGICAL SURVEY 

eee American papers contain an announcement 
which will be received with some astonishment in 

Europe. A member of Congress, Mr. Herbert, of Ala- 
bama, has introduced a Bill into the House prohibiting 
the Geological Survey of the United States from expend- 
ing any money for paleontological work, except for the 
collection, classification, and proper care of fossils and 
other material ; and from composing, compiling, or pre- 
paring for publication monographs, bulletins, or other 
books except an annual report containing merely the 
transactions of the bureau and other routine official 
matter. It is further proposed to sell off the laboratories 
and other property of the Survey which after the passing 
of the Act would be no longer needed. Of course there 
may be official or departmental reasons for reorganisa- 
tion or retrenchment of which the outside world is 
ignorant. But these reasons must be very serious indeed 
to justify such action as is proposed. If there is one 
scientific undertaking of which the United States have 
pre-eminently just reason to boast as a model to all 
civilised countries, it is their Geological Survey. For 
completeness of equipment it has no rival in the world, 
and already though it has only been seven years in exist- 
ence its work both for excellence and amount has placed 
it in the very front of the scientific organisations of the 
time. Whether we look to its purely scientific achieve- 
ments or to the importance of its practical work in 
mining and other economical departments, the crippling 
of the resources of the Geological Survey of the United 
States would be a calamity against which not only all 
lovers of science but all who are interested in the con- 
tinued development of the natural productions of the great 
republic would energetically protest. We can hardly 
suppose that Mr. Herbert will have many supporters, and 
it is difficult to conceive from what possible motive he is 
acting. He calculates that if his Bill passes he will effect 
a saving of 250,000 dollars. He should try to find some 
branch of the public service where economy and retrench- 

* “uring a recent visit to the North-West Provinces of India, where 
earthquakes are not unfrequent, I could find no traditions such as that I 
have alluded to,” 

ment could be practised without seriously injuring the 
scientific credit and industrial progress of his country. 
And no doubt he could succeed in this search. 

THE ROVAL SOCIETY SOIREE 
ape President and Council of the Royal Society are 

to be entirely congratulated on the success of the 
reunion at Burlington House on the 12th inst. It was 
generally felt that the display of objects of interest was 
finer than any brought together for some years, and the 
general satisfaction expressed must have amply rewarded 
those upon whom the burden of the arrangements had 
fallen. 

It is a little hazardous to say which was the most 
interesting object; but as an actwalité the unpaired 
parietal eye of Sphenodon exhibited by Mr. Baldwin 
Spencer, fully described in last week’s NATURE, perhaps 
bore the palm. 

Next in biological interest came an exhibit by Mr. W. 
H. Caldwell including a complete series of the Ceratodus 
from the unsegmented egg to hatching. The complete 
exhibit illustrated early stages in development of the 
Monotremata—Ornithorhynchus and Echidna, the Dip- 
noid Ceratodus and some marsupial genera. The series 
were as follows :— 

(1) Series of early stages of Ornithorhynchus, from a 
few hours after fertilisation to the newly-laid egg, of about 
the stage of a 36-hour chick ; (2) series of early stages of 
Echidna, from just before laying to the newly-hatched 
foetus ; (3) various stages of young Echidna, from hatching 
up to 5 inches long; (4) complete series of Ceratodus, 
from the unsegmented egg to hatching; (5) stages of 
young Ceratodus after hatching ; (6) series of about thirty 
stages, from segmenting egg up to birth of Phascolarctos 
cinereus ; (7) ditto of Halmaturus rufus; (8) Specimens 
showing the arrangement of the embryonic membranes in 
Macropus major. 

There were two exhibits of micro-organisms—one of 
micro-photographs of Bacteria, and another of certain 
micro-organisms themselves—by Mr. Cheshire. The 
former included enlargements, from negatives obtained 
with an oil immersion 3 inch, of the following :— 

Anthrax-bacillus, in tissue-sections and cultivations ; hay- 
bacillus ; bacillus of malignant cedema; micrococcus of pneu- 
monia; tubercle-bacillus; bacillus of foul brood; Saecz//us 
megatherium ; Clostridium polymyxa; microbe of chicken 
cholera; comma-bacilli of Koch, Lewis, and Tinkler; Bacteria 
of putrefaction. 

Mr. Cheshire exhibited (1) Baczl/us alvez in sporula- 
tion ; (2) Bacillus alvei spores in chain ; and (3) sperma- 
tozoa ot Apis forming in flocculent masses for packing in 
spermatophore, 

Preparations illustrating the histological structure of 
the secretory tissues of certain plants, in which the sub- 
stances secreted are of economic importance, were exhi- 
bited by Mr. W. Gardiner. Among these were hairs of 
leaf of Flemingia Grahamiana—wurras dye ; laticiferous 
vessels of the stem of Manthot Glazioviz—ceara rubber ; 
glands of the leaf of Cinnamomum Camphora—camphor. 

In connection with biological inquiry may be spe- 
cially mentioned Mr. Frank Crisp’s demonstration of 
a new microscopic object-glass, by Prof. Abbe of 
Jena, an exhibit rich in hope not only for the future 
of microscopy, but also for astronomy. Eight of 
the ten lenses of this objective are made of a 
new kind of optical glass, composed of phosphates and 
borates without silex. The glass hitherto used contains 
as essential components only six chemical elements, 
while the new objective contains not less than fourteen. 
The secondary spectrum is by this means entirely re- 
moved, and only a small tertiary spectrum remains. 
The improvement in definition is especially marked 



58 NATURE [May 20, 1886 

in the case of Bacteria and other minute m‘cro-organ- 
isms. 

As representing this last-named science we may spe- 
cially mention a magnificent collection of the photographs 
of sun, stars, and planets which have recently astonished 
and delighted astronomers. The collection included speci- 
mens of the results recently obtained by Dr. Janssen, the 
Brothers Henry, Mr. Common, and Dr. Gill. Among 
these the star-photographs by the Brothers Henry,a photo- 
graph of a sunspot by Dr. Janssen, in which the minute 
structure of the penumbra and bridges of a large sunspot 
were exquisitely slown on a scale of something like 
10 feet to the solar diameter, and two exquisite photo- 
graphs of Saturn, enlarged eleven times by the Brothers 
Henry, excited the greatest wonder. 

The Solar Physics Committee sent a collection of the 
daily solar photographs which they are now obtaining 
from India and the Mauritius to supplement the Green- 
wich series. These photographs are on scales of 12 
inches or 8 inches to the solar diameter. 

Mr. Norman Lockyer exhibited some photographs of 
spot spectra showing the widening of the lines and the 
reversal of H and K; and also some photographs illus- 
trating the first results of a new branch of work recently 
undertaken at South Kensington, in which it is hoped 
eventually to obtain photographs of the spectrum of the 
chromosphere and prominences without an eclipse. The 
photographs showed that the bright lines H and K have 
already been caught. Mr. Lockyer also exhibited the 
new split-grating spectroscope recently described at the 
Royal Society; the green line of thallium or the red 
line of lithium being shown between the D lines. 

Nor must we forget to mention a selection of drawings 
of the sun on a large scale from those now daily made 
at Stonyhurst College Observatory ; these were exhibited 
by the Rev. S. J. Perry. Special care has been devoted to 
the facula, which are drawn with a red pencil, and their 
position is as accurately determined as that of the spots. 

Mr. Howard Grubb exhibited a model of an equatorial 
and observatory which he has proposed for the 3-feet 
refractor for the Lick Observatory. All the required mo- 
tions of the telescope, dome, and rising floor are effected 
by water-power (represented here by clockwork) governed 
by an electrical arrangement, the commutator being port- 
able and carried by observer. By this arrangement the 
necessity of assistants, even in case of the largest sized 
instrument, is obviated, and the observer himself can, 
from any part of the Observatory, control all the motions 
of instrument and dome without using any physical 
exertion. 

Even observatory clocks were not neglected. Dr. 
Leonard Waldo, of Yale College, U.S., exhibited a gravity 
escapement adapted for use in a precision clock, in which 
the escapement lifts the gravity arms with a gradually- | 
increasing velocity, and with more certainty than in the 
ordinary forms ; and a new astronomical clock. 

Finally the Eclipse Committee of the Royal Society were 
represented by charts of the West Indies and of the Island 
of Grenada, showing the path of the total eclipse of 
August next, arrangements to observe which are now 
being made. 

In pure physics the fzéce de résistance was the colour 
photometer, for comparing the luminosity of colours 
and for testing the perception of colour, exhibited 
by Capt. W. de W. Abney, and Major-General Festing. 
The form exhibited was an improvement upon the original 
one, which was fully described-in NATURE a little time 
ago. 

Two exhibits by Mr. A. Stroh, also optical, may 
next be referred to. The first was an apparatus for show- 
ing stereoscopic effects on a screen; the next was an 
instrument for enlarging the angular division by means 
of reflectors, and thereby causing an object to be seen in 
exaggerated relief. 

Electrical science was represented by the following 
new electrical apparatus, exhibited by the Electrical 
Power Storage Company: (1) various types of cells; 
(2) ring contact switches; (3) automatic switch, for 
closing the circuit when the dynamo is running at the 
required speed, and for breaking it in case of accident ; 
(4) hydrometers, specially for use withthe Company’s cells ; 
(5) pocket voltmeter for cell-testing ; (6) automatic switch 
to cut out two or more cells when dynamo is started 
to keep constant electromotive force on lamps. 

In addition to these there were the following, contri- 
buted by Messrs. Woodhouse and Rawson :— 

(1) Assortment of incandescent lamps, showing the 
latest developments in connection with the manufacture 
of incandescent lamps. (2) Small arc lamp, giving 200 
to 300 c.p. or more if required: specially designed for 
being connected upon the same circuit with incandescent 
lamps of ordinary c.p., and being run by the same 
dynamo. These lamps can be also wound for running 
in series. (3) Switch-boards, illustrating the universal 
system introduced by Messrs. Woodhouse and Rawson. 
(4) Electric-lighting switches and safety-junctions, for 
manipulating currents of from 200 to 500 amperes and 
upwards. 

Mr. Pitkin exhibited some very interesting portable 
electric lamps intended for use in coal-mines and powder- 
magazines. A small teak box contains three or more 
accumulator-cells, which, when charged, give a continuous 
light for ten hours. In a modified form of the invention 
the lamp is detached from the box containing the accu- 
mulators, and is electrically connected to it by means 
of a flexible cord; by this arrangement a very’ con- 
venient railway reading lamp is formed, as the box 
can be placed under the seat or on the rack, and the 
lamp itself either held in the hand, or hooked to the back 
cushions or to the button-hole of the coat of the reader 
in a convenient manner. 

A new electrical influence-machine, having eight disks 
working within a glass case, was exhibited by Mr. 
Wimshurst. 

Electricity applied to meteorology was represented by an 
electrical wind-vane and indicator exhibited by Mr. F. M. 
Rogers. This instrument enables the direction of the wind 
to be ascertained at any moment, and at any reasonable dis- 
tance from the vane, within a house, observatory, or office. 
One vane will actuate several receivers, which are quite 
independent of each other. Should the vane remain for 
many hours upon any one point no waste of current 
takes place ; the expenditure of such being limited to the 
momentary impulse required to effect change of direction 
upon the dial of receiver. 

Messrs. de la Rue and Hugo Miller showed how the 
chloride of silver battery could be applied to electric 
lighting by a quantity arrangement. Instead of using a 
solution of chloride of ammonium simply, the solution, 
containing 24 per cent. salt, is converted into a vegetable 
jelly, by dissolving in it Ceylon moss (Agar-Agar) to 
make a stiff jelly ; this supports the zinc plate. The 
chloride of, silver in powder is spread evenly on the 
bottom of the dish on which a piece of silver foil is 
placed. 

One of the most interesting exhibits was by Mr. Conrad 
Cooke, C.E., who showed Dr. Auer von Weisegg’s in- 
candescence system of burning gas. A small Bunsen 
flame burning about 23 feet of gas per hour gave a 
dazzling light of about twenty candles by suspending in 
it a gauze cylinder which had been impregnated with the 
salt of a rare earth (probably zirconium). Tested by the 
spectroscope, the light showed a large excess of blue rays 
as compared with an ordinary gas: flame. 

Voltaic cells with solid electrolytes were exhibited by 
Mr. Shelford Bidwell. 

Great excitement was caused among the chemists by 
the specimens of the new element germanium and some 
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of its compounds, from Prof. Winkler, of Freiberg, 
brought by Dr. Hugo Miller. These were :— 

(1) Metallic germanium ; (2) germanium monosulphide, GeS ; 
(3) germanium disulphide, GeS,; (4) crystallised germanium, 
obtained by the action of hydrogen on germanium sulphide. 

Germanium is claimed to be the ekasilicium predicted 
by Mendeléeff in his periodic law. 

Mendeléeft’s ekasilicium Germanium 
Sp. Gr. ... -.. + 55 5469 
Atom. weight ... 72 72°75 
PAT OMURVAliesce c--35, 0S 33 

Mr. G. J. Symons exhibited a small pocket thermo- 
meter as constructed by Immisch. This thermometer is 
actuated by a minute Bourdon tube. It is shaped likea 
watch, is water-tight, and nearly unbreakable. 
A terrestrial globe showing magnetic meridians for the 

epoch 1880, and general distribution of the secular change 
of the declination, made for the Hydrographic Depart- 
ment of the Admiralty, was exhibited by Staff-Com- 
mander Creak, R.N. The approximate positions of the 
foci of greatest secular change of the declination and 
vertical force—except for the Arctic and Antarctic zones 
—are also shown. A consideration of these foci shows the 
general angular motion of the north or marked end of a 
freely suspended needle as regards secular change. 

The fact that our space is nearly exhausted, although 
we have only referred to about one-half of the exhibits, 
well indicates the care taken to make the soz7ée a success. 
In conclusion we refer as briefly as possible to some of 
the remainder :— 

Jordan’s photographic sunshine-recorder, with specimens of 
observations, exhibited by Mr. J. B. Jordan, of the Mineral 
Statistics Branch, Home Office. 

Original geological map of the Orange Free State, and section 
of part of Cape Colony, by the late G. W. Stow (unpublished), 
exhibited by Prof. Rupert Jones, F.R.S. 

Specimens of daily synchronous charts of the North Atlantic 
for the period of thirteen months, from August 1882 to August 
1883 inclusive, now in the course of preparation by the Meteoro- 
logical Office, exhibited by the Meteorological Council. The 
specimens show the meteorology of the North Atlantic on three 
summer and on three winter days. 
New and interesting plants, exhibited by the Director of the 

Royal Gardens, Kew. 
Nolls’ apparatus for demonstrating secondary growth in thick- 

ness of stems ; Hopfe’s Collectiones Phytomicrotomicz, exhibited 
by Prof. Bayley Balfour, F.R.S. 

Collection of stone-headed arms, implements, &c., from New 
Guinea, exhibited by Mr. H. B. Brady, F.R.S. 

Diagrammatic sections showing the geological structure and 
physical features of parts of Arabia Petraea, and Palestine, 
exhibited by Prof. Edward Hull, F.R.S., Director of the Geo- 
logical Survey of Ireland: (1) from the sea-coast at Askalan by 
Jerusalem to the Jordan Valley at Jericho ; (2) from the table- ; 
land of Southern Judzea—across the Dead Sea to the Plains of 
Moab ; (3) from the Gulf of Suez, near Tor, by the Mountains 
of Sinai, to the Plateau of Badiet et Tih 

Apparatus for measuring the luminosity of leaves, invented 
and exhibited by Dr. Gorham, to show that the white light 
reflected from leaves can be measured in cev/s. of a circle by the 
novel use of a gray vig, and that by putting this luminosity in 
the form of an equation its equivalents in colour are discovered, 
which, when placed in sectors on a circular disk and rapidly 
ro'ated on a wheel, are seen to match the colour of the leaf from 
which the luminosity has been originally reflected. 

Specimens of miners’ electric lamp, invented and exhibited by 
Mr. Swan. 

Dr. Sohlberg’s celestial globe of glass; Dr. Schmidt’s tel- 
lurium ; cosmographic clocks for showing universal time ; con- 
toured map of the English Lake District, constructed by Mr. 
Jordan; enlarged original photographs taken by Mr. Joseph 
Thomson in his recent journey up the Niger ; replica of Frank- 
fort globe, of date 1520; two large diagrams—(1) Roraima, 
British Guiana, by Mr. Im Thurn, (2) a similar formation in the 
north of Brazil, by Mr. Wells; collection of minerals from 
summit of Mount Roraima, exhibited by the Royal Geographical 
Society. 

NOTES 

Ir is with much regret that we announce the death of Surgeon- 

Major T. Lewis, Medical Staff, Assistant Professor of Pathology 

in the Army Medical School at Netley. Within the last few 
weeks the Council of the Royal Society decided to recommend 

Dr. Lewis for their Fellowship, in recognition of the import- 
ance of his various contributions to science. Dr. Lewis had 

only just reached the forty-fifth year of his age at the time of his 

death. 

THE death is announced of Dr. E. Linnemann, Professor of 

Chemistry at Prague, which occurred on April 27. Among his 

papers a letter was found addressed to the Vienna Academy of 

Sciences containing a communication on anew chemical metallic 
element called austrium (Aus). This new element was prepared 

by the late Prof. Linnemann from orthite of arendal. The 

spectrum of austrium shows two violet lines ; the wave-lengths 

were found to be, for Aus a, A = 416°5, and for Aus B, A = 40370. 

According to a note made by Prof. F. Lippich, of Prague, who 
communicated Prof. Linnemann’s letter last week to the Vienna 

Academy, three not yet identified lines—A = 415°56, A=416'08, 

and A = 416°47—are shown in Angstrém’s atlas of the normal 

spectrum of the sun in the neighbourhood of the Aus a line ; 

the last of them might be supposed coincident with the Aus a 
line (A = 416°5). 

M. CHEVREUL, who on August 31 will be a centenarian, was 
on Monday afternoon presented by his colleagues of the 

Academy of Sciences with a bronze bust of himself, executed by 
Paul Dubois. Admiral Jurien de la Graviere, one of the senior 
members—his age being 73—made the presentation, and warmly 

complimented M. Chevreul on his long and distinguished career, 

which made France proud of him and of herself. M. Chevreul, 
who was much affected, made a brief acknowledgment of the 

honour done him. 

THE Swedish Academy of Sciences celebrated its centenary 
on April 5 last, having been founded by Gustavus III. on the 

eve of the French revolution. 

Tu paper to be read at the ordinary meeting of the Society 
of Arts on May 26 will be ‘‘The Purification of Water by 

Agitation with Iron, and Sand Filtration,” by William Ander- 
son, M.Inst.C.E. On Tuesday, May 25, a paper on ‘* Cyprus 

since the British Occupation,” will be read by G. Gordon Hake, 

before the Foreign and Colonial Section. In the Indian Section, 

Capt. Richard Carnac Temple’s paper on ‘‘ Every-day Life of 
Indian Women, as Revealed in their own Sayings,” will be 

read on May 21. 

WILLIAM LANDSBOROUGH, whose name is known in connec- 

tion with Australian exploration, died at Caloundra, near Bris- 
bane, on March 15. His father was a Scottish naturalist of 

note. Having gone to Australia, Landsborough in 1860 dis- 
covered the head of the Thompson River, and in the following 
year traced the Gregory and Herbert Rivers to their sources. 

He then undertook to lead the expedition in search of Burke 
and Wills, and traversed the continent from the Gulf of Car- 

pentaria to Melbourne. Subsequently he was appointed to a 

post in the public service of Queensland, and was voted 2000/. 

for his explorations in that colony. 

A TELEGRAM from Catania of May 18 states that Mount Etna 
had been in eruption since rr o’clock that morning. A very 
active dis-harge of vapour and cinders was proceeding from the 

western side of the central crater. 

WE are glad to learn of the formation of a Natural History 

Society at Yokohama. The marvel is that so long a time has 
been allowed to elapse before such a society was founded there 
or in Tokio, for probably there are no communities in the world 
in which the proportion of men of science is so high as here. 
But no doubt the local Asiatic Societies and the Seismological 
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Society absorbed much of the scientific work of the residents. 
The first meeting of the new Society was held at the beginning 
of last month, when Prof. Milne delivered a lecture dn the 

geology of Japan, which is reported in full in the afan Weekly 
Mail of April 3, and which is too comprehensive and detailed 
to lend itself to adequate treatment in a short note. We 
observe, however, that in speaking of the difference between the 
fauna of Yezo and of the other islands of the Japanese archi- 
pelago he suggests that the line between the two should be 
called Blakiston’s line (from Capt. Blakiston, who first pointed 

it out), on the model of Wallace’s line between the Javan and 

Australian fauna. Prof. Milne proposed this nomenclature a 
few years ago, and it is now adopted by some German publica- 

tions. The difference, indeed, is not so great as that marked by 

Wallace’s line, still it is of considerable importance. Thus in 

Japan we have the monkey, the sheep-faced antelope, the bear, 
and the pheasant ; but on the other side of the straits the bear 

is a totally different one, the monkey, the pheasant, or the 

antelope is not found, and a totally different fauna exists. The 
suggestion of marking the dividing line with Capt. Blakiston’s 
name is an appropriate one. 

Dr. TRIMEN’s Report for 1885 on the various botanic gardens 

in Ceylon, of which he is Director, is a very satisfactory docu- 
ment, as such reports from our colonial gardens generallyare. It 

contains a considerable number of meteorological observations, 
and describes the arrangements made to carry out the scheme of 

a garden at Badulla, in the new province of Ceylon, for which 
funds have been voted. The usual report on the distribution of 
plants and seeds is given, and then comes a long list of addi- 

tions to the collections of plants at the various gardens, which is 
followed by some interesting notes on economic plants and pro- 

ducts. Under this head he makes various recommendations and 
suggestions which will no doubt be of the utmost value to per- 
plexed planters who are assailed on all sides by dangers which 
are only too apparent, but which it requires scientific training 
and investigation to combat. Thus he advises that tea. and 

cinchona should not be grown together, as it is only in such cases 

that the planter’s scourge, Aelopfeltis, does any appreciable 

damage to tea. On the other hand, he thinks that the diminu- 
tion in the cultivation of cacao, through dread of helopeltis, is 
unreasonable, for the insect only attacks cacao grown in the 
open, and not that grown under the shade of trees, for example 
The Ceylon Herbarium has been arranged during the year in 

accordance with Dr. Trimen’s ‘‘ Systematic Catalogue of Ceylon 

Plants,” and in the work of rearranging he was able to put 

together a series of notes describing about 280 additions to the 
flora of Ceylon, and 40 new species or varieties. That much 
yet remains to be done is obvious from the fact that during 1885 
fifteen additional have been discovered in the island, many of 

which are striking plants. The Government has approved the 

formation of an exhibition containing specimens of the plants, 

grains, &c., of the island. Like many other colonial officials, 
Dr. Trimen has been busy during the past year preparing for the 

Colonial and Indian Exhibition, where the series of woods in 

the Ceylon section was prepared by him. 

ACCORDING to a letter received from Baron Schwerin, the 

well-known Swedish geographer, who is at present on a scientific 

mission to the Congo for his Government, he observed the great 

November meteor-stream on the 27th of that month, at 8 p.m., 

off Cape Palmas, on the Guinea coast (lat. 4° 299” N., and long. 

7° 44’ 16” W.). He describes it as the most magnificent spectacle 
he ever beheld, ‘‘the whole sky being furrowed from nearly 
north to south by falling stars, looking like gigantic fireworks, 

in which thousands of ‘ star-rockets ’ were burnt off.” 

ON the evening of April 27 a bolide was observed in several 

parts of the north-western provinces of Russia. A large ball of 

bluish colour was moving from south to north; in about two 

seconds it changed its colour into a bright electric-white, and 

suddenly broke in many pieces and disappeared. 

IN consequence of the ice breaking on the Volga, a consider- 
able number of naphtha-barges were wrecked this spring, and 
about 2,000,000 poods, or 33,000 tons, of naphtha are now floating 
along the river. According to the observation of past years the 
presence of such a large amount of hydrocarbon in the water 
will produce a very disastrous effect upon Russian fisheries, not 
only along the Volga, but even on the northern coast of the 

Caspian Sea. 

THE tendency amongst modern Oriental scholars is to trace 
the origin of Chinese arts, sciences, and civilisation to Babylonia. 

The theory, however, is not accepted by many of the most 
eminent Chinese scholars. In the last number of the China 
Review, Dr. Edkins of Pekin gives his reasons for assigning a 
Babylonian origin to Chinese astronomy and astrology. Amongst 

these are the following :—Roth peoples divided our day and 
night into twelve hours ; the sun-dial is a Babylonian invention, 

and reached China at a very early date ; the intercalary month 
belonged to the Accadians, and is found in the first sections of 

the Chinese Book of History. Geminus states that it was the 

dwellers on the Euphrates who discovered that, after 223 luna- 

tions or eighteen years, eclipses of the moon recur in the same 
order. The early use of the intercalary month by the Chinese 

implies that either they, or those from whom they derived it, 
knew this fact about lunations. Early Chinese astronomy, Dr. 
Edkins thinks, is too good to come from the Chinese of those 

days, and, on various learned grounds which he states, he con- 

cludes that the double hour, the astrolabe, the dial, the inter- 

calary month, and the knowledge of the length of the year were 
all communicated from Babylon to China at different periods by 

land or by sea between about B.C. 2200 and B.C. 820. 

THE invitation to Norwegian sea-captains to make barometrica! 

observations during the eclipse next August was not issued by 

the Norwegian Meteorological Society but by our Norwegian 

contemporary JVaturen, to which the returns are also to be 

sent. 

Messrs. WHITTAKER AND Co., and Messrs. Bell announce 

in their new ‘‘ Series of Hand-Books for Practical Engineers ” 
Dr. Jul. Maier's book on ‘* Arc and Glow Lamps.”’ It will be 
a complete hand-book on the subject, especially relating to its 

practical applications, giving the latest results and improve- 

ments. The next volume in the same series will be Mr. Gisbert 

Kapp’s “ Electric Transmission of Energy,” which is promised 
early next week. Mr. William Anderson has revised and 
added some new matter to his ‘‘ Lectures on the Conversion of 

Heat into Work,” which excited much attention when delivered 

last year at the Society of Arts. They will be published in 
book form by Messrs. Whittaker and Co. 

THE additions to the Zoological Society’s Gardens during the 

past week include two Shaw’s Gerbilles (Gerdil/us shawt) from 
North Africa, presented by Mr. W. R. Ogilvie Grant; two 

Black-backed Jackals (Canzs mesomelas) from South Africa, pre- 
sented by Mr. F. Mosenthal ; a Ring-tailed Coati (Vasua rufa) 

from South America, presented by Mr. T. P. Lymn; a Brown 

Condor (Sarcorhamphus equatorialis) from Chili, presented by 

Mr. R. J. James ; two Red Kangaroos (MJacropus rufus) from 
Australia, two Grey Parrots (Pszttacus erithacus) from West 
Africa, an Indian Rat Snake (Ptyas mucosa) from India, a 

Green Lizard (Lacerta viridis), European, deposited ; an Indian 

Coucal (Centropus rufipennis) from India, an African Tantalus 
(Pseudotantalus ztbis) from West Africa, four Black-tailed God- 

wits (Zimosa egocephala), European, a Spotted Eagle Owl (Budo 
maculosus) from South Africa, purchased ; an Eland (Oveas 

canna), four Chilian Pintails (Dafa spinicauda), bred in the 
Gardens. 
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OUR ASTRONOMICAL COLUMN 

THE Binary STAR a CENTAURI.—Mr. E, B. Powell, to 
whose observations and calculations we are largely indebted for 
-our present knowledge of the orbit of this celebrated binary, has 
recently published new elements giving the period as 87°438 
years, the time of periastron passage at 1875°447, and eccen- 
tricity = 0°544. These elements appear to satisfy fairly the 
recorded equatorial measures made from 1834 to 1885 (as well 
as most of the ancient observations), with which Mr. Powell has 
compared them; but all the available observations have not 
been used—for instance, the Sydney measures subsequent to 
1877 have been omitted, as some influence appears to have 
operated to throw out these measures from accord with those 
taken at other observatories. Mr. Powell considers that the 
evidence is tolerably strong against the period of a Centauri 
being only some seventy-six years (as given by the Downing- 
Elkin orbit), but thinks that in six or eight years, if careful 
measures be taken, the point will be settled as to whether the 
period is about seventy-six years or exceeds eighty-six years. 

A NEw BELGIAN OBSERVATORY.—The Cointe Observatory, 
attached to the University of Liége, has been founded at the 
instigation of M. Folie for the purpose of affording instruction 
to the students in astronomy and geodesy, as well as of furnish- 
ing original observations. M. Folie is Director of this Observa- 
tory, as well as of the Royal Observatory at Brussels. The 
Cointe Observatory is furnished with a meridian circle by Cooke, 
the object-glass of the telescope of which is of 6 inches aperture, 
and the circle 0°8 metre in diameter. The Observatory also 
possesses a 10-inch refractor by Cooke, of the optical qualities 
of which M. Folie speaks in the highest terms. The astro- 
nomers attached to this institution are MM. L. de Ball and P. 
Ubaghs, the former of whom observes with the 10-inch equa- 
torial, and the latter with the meridian circle. The Observatory 
is destined, we hope, to do good work in both these departments 
of astronomy. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 MAY 23-2 

io the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 
At Greenwich on May 23 

Sun rises, 3h. 59m. ; souths, 11h. 56m. 296s. ; sets, 19h. 54m. ; 
decl. on meridian, 20° 37’ N.: Sidereal Time at Sunset, 
Ith. 59m. 

Moon (at Last Quarter on May 25) rises, 23h. 33m.*; souths, 
4h. 8m.; sets, 8h. 48m, ; decl. on meridian, 16° 38’ S. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m, h. m. , 

Mercury ... 3 25 10 37 17 49 13 12N 
Venus ... 2 35 9 4 15 33 5 4N 
Mars 5 WA Te) 18 54 I 38* 7 54N. 
plter... 2... 13) 24 19 42 205 253N 
Saturn... 6 13 14 25 22 37 22 48 N 

* Indicates that the rising is that of the preceding evening and the setting 
that of the following morning. 

May h. 
Paws. 20) Jupiter stationary. 
2) oo 16} Venus at greatest distance from the Sun. 

Variable Stars 
Star R.A Decl. 

h m. ey, h. m. 

U Cephei © 52:2... 81 16N. ... May 25, 3 18 m 
U Monocerotis 7 25°4 @ B28 coo ao Beh M 
U Ophiuchi... 17 10°8 DezOUNeeey 4a +205 -2)1Ons2 

ay Ash A BH 7c 
X Sagittarii... W7NAO-Olnst2 Ay Seies tse) 2012.25.72 

aa 29 On On 
U Sagittarii... LOU2 Se LOL 2iOs ten 55) 20s) 2a25. Aer 

3) 29, 2K 40 m 
B Lyre... LOeA GEOR SO LAg Neem yen 205020 3ON772 
R Lyre LOUS ICON ASTAG! Nememiys) 25 m 

M signifies maximum ; #7 minimum. 

Meteor Showers 
The Draconids, radiant R.A. 280°, Decl. 54° N., and the 

Cygnids, R.A. 301°, Decl. 37° N., are due this week. Meteors 
from radiants near a Urse Majoris, R.A. 175°, Decl. 64° N. ; 
in Lyra, R.A. 273°, Decl. 34° N.; and in Lacerta, R.A. 329°, 
Decl. 48° N., have also been observed at this season. 
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GEOGRAPHICAL NOTES 

Tue Kermadec Islands, which have during the past week 
been occupied by the orders of the Home Government by 
Admiral Tryon, Commander-in-Chief on the Australian station, 
are a group of rocky islets about 600 miles to the north-north- 
east from the North Island of New Zealand, and lying on the 
steamer route from Christchurch or Wellington to Fiji, They 
are due east of Norfolk Island. The principal islands of the 
group are Raoul or Sunday Island, the position of which is put 
at 29° 12’ S. and 178° 15’ W. It is described as about 12 miles 
in circumference, rugged and very steep, without an anchorage. 
It is said to be covered with wood, and to be uninhabited except 
for a few white men, waifs and strays from the ocean, ship- 
wrecked sailors, deserters, &c. The other islands of the group 
are Macauley, the Curtis Islands, Havre, and Esperance. 

AT the last meeting of the Geographical Society of Paris a 
letter was read from M. Borelli, who is at present travelling in 
that part of Eastern Africa whereiM. Barral has been murdered. 
M. Brettes, referring to his explorations of the Grand Chaco 
between the Argentine Republic, Bolivia, Brazil, and Paraguay, 
said he had discovered a great salt lake which he proposed to 
call Lake Crevaux, and three rivers, hitherto unknown, the 
most important of which would be called Rio Lesseps. M. de 
la Grye stated the propositions adopted by the committee 
appointed to study the reforms necessary for the adoption of a 
common international orthography for maps. These were—(1) 
any change for European countries is recognised as impossible ; 
(2) in Asia, Africa, and America it is proposed that the French 
u should be replaced by the diphthong ow, the value of the 
French vowels a, 2, 7, 0 remaining unaltered ; (3) in the geo- 
graphy of the Far East the sound of the w with a dizresis is 
represented by oe, g¢ and / are always hard, c/ is reproduced by sh, 
amongst the gutturals the soft ones are represented by 2%, the 
hard by 4%; (4) as far as possible, by the aid of this common 
alphabet, the most generally used pronunciation of places, 
towns, rivers, mountains, &c., shall be reproduced. *Brof. 
Ersler of Copenhagen described the results of his investigagons 
into the cartography of Denmark from the time of Ptolemy. 

THE French staff officers are busy with the continuation of the 
Paris meridian to Laghouat, about 4° south of Algiers. When 
this work is finished this line will be measured with precision 
from the Orkneys to this locality. The length determined will 
not be far from 30°, or about three times its original extension, 
which was 10°, from Dunkirk to Formentera. 

Two Finnish savants, Drs. Hammarstrom and Ehnberg, have 
just returned to Helsingfors from a scientific journey in Eastern 
Siberia and China, whence they bring valuable scientific 
collections. 

News received from Baron Schwerin, the Swedish scientific 
explorer on the Congo, informs us that he landed from the 
Liverpool steamer in December last at the mouth of the River 
Chiloango, whence he proceeded on foot through the districts of 
Cacongo and Cabinda to Banana. During the journey along 
the coast the Baron succeeded in making many valuable observa- 
tions of the shore-lines or terraces on the gradually-rising coast, 
and of the effects of the tide on the plastic formation of the 
sandy fore-shore. He also paid special attention to the study of 
the great influence which ocean currents exercise on the direc- 
tion of the flow of rivers in their lowest course. 

CounT SAMUEL TELEKY is organising, at Pesth, an Expedi- 
tion for the exploration of Central Africa ; the fitting out will 
be completed by the end of May, and 100 well-armed men will 
reach Zanzibar in the course of June. Capt. Hahnel, of the 
Austrian Navy, will take part in the Expedition, and two boats 
will be taken out in pieces. It is believed here that the Expe- 
dition will not confine itself to scientific explorations only. 

Tue three numbers of the Yournal of the Geographical 
Society of Tokio for last year which have been recently pub- 
lished do not contain much of special interest to English 
students of geography, although the papers could hardly fail to 
instruct a Japanese audience, which can hardly be expected to 
be as familiar with the colony of Victoria, or with the progress 
of Russia to the southward, as Western readers. The report of 
the Japanese delegate to the Prime Meridian Conference at 
Washington is also printed. Of special papers there are two: 
one on the Bonin Islands, called Ogasawarajima by the 
Japanese ; another on the area within which Mount Fuji is 

} visible. 
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THE TRON AND STEEL INSTT 

HE Iron and Steel Institute held its meeting on the r2th, 
13th, and 14th inst., under the presidency of Dr, J. 

Percy, F.R.S., in the Theatre of the Institution of Civil 
Engineers. 

The President made some introductory remarks having refer- 
ence to the papers about to be read. He had strong hopes 
that, from a scientific point of view, great results were likely 
to flow from investigation of the microscopic structure of 
iron and steel, as it was only by physico-chemical investigation 
that our present ignorance of the causes of many phenomena 
relating to metal would be lessened or dispelled. He was pecu- 
liarly glad to read Mr. Turner’s paper, as he had had the honour, 
when first addressing the Institute, of suggesting the solution 
of specific problems relating to iron and steel which had been 
ably attempted by the author ; he should be glad to see medals 
or rewards conferred on those who solved problems emanating 
from the Institute. He made special reference to Mr. C. P. 
Clarke’s paper, which we hope to print 7 extenso. He had 
great pleasure in drawing attention to Sir Henry Bessemer’s 
gift to the Institute of a series of specimens illustrative of the 
process universally known by his name, which he exhibited at 
South Kensington some time ago. The President very shortly 
referred to what Sir Henry nad done for metallurgy, and called 
upon the members to join in cordially thanking him for his gift 
to the Institute, which was done with acclamation. 

With regard to the prevailing depression in trade, he thought 
over-production was the main cause of the evil in question. 
Considering the enormous power the iron and steel trades, for | 
instance, possessed for production, it was not surprising that 
over-production should take place. Besides, what had taken 
place in our own country had also occurred to a greater or 
less extent in Germany, Belgium, France, Austria, Russia, and 
especially the United States of America 

British workmen had a special enemy to contend against in 
the fierce competition from abroad, where men labour for less 
wages and work longer hours. He hoped that the problem 
would be solved, not by our countrymen having to be paid less 
for their labour, but by the labourers in foreign countries rising 
to our level, when our trades would have less to fear from 
foreign competition. 

Passing from the over-production of iron and steel, the Pre- 
sident referred to the fact that the surface of the earth was 
limited, whilst the human race was constantly increasing, and as 
the world could only sustain a certain population, so portions of 
it could do no more ; he was of opinion that what was really at 
the bottom of the troubles of Ireland was the sentimeat of Irish- 
men trying to live where they could not gain their livelihoods, 
when there were millions of acres in our colonies which they 
could cultivate and be happy upon. Shortly referring to the 
Colonial and Indian Exhibition, the speaker concluded, a 
vote of thanks for his address being moved by Sir Isaac 
Lowthian Bell and seconded by Sir Bernhard Samuelson. 

The Bessemer Medal for the year was awarded to Mr. 
Edward Williams, who was unfortunately prevented by ill- 
h _alth from coming to the meeting to receive it. 

There was a very large number of papers on the agenda, 
some of which had to be deferred. Amongst the papers 
read and discussed some were important not only tech- 
nically but scientifically. Mr. P. W. Flower’s paper on 
the origin and progress of the manufacture of tin plates 
is hardly of this character, but it is interesting both from 
an archeological and industrial point of view. Aristotle, 
Pliny, the Phoenicians, Herodotus, and Diodorus Siculus have 
all made reference to this manufacture. In more modern days 
we find it flourishing in Bohemia in 1620, from which country 
Yarranton introduced it into England about 1665, thus fortu- 
nately succeeding in benefiting the iron trade of Wales and the 
Un trade of Cornwall, which were both much depressed. Later 
on, the use of coal instead of charcoal, of vitriol for pickling- 
purposes in place of barley-meal, of Siemens’s soft steel for char- 
coal iron, of Bessemer steel in place of puddled bar, have all had 
their influence on this industry. Ninety-six works, with 320 
mills in all, work up about half a million tons of British steel 
and iron annually into tin plates. The production last year was 
over 7,000,000 boxes, of which probably 3,000,000 were used in 
the manufacture of 875,000,000 of 1 lb. canisters. ““ By means 
of these canisters Europe receives largely of beef from the 
Western prairies, salmon (in shiploads) from Oregon, mut- 

| duced in California in 1852. 

_ hearth steel brought about a very animated discussion. 

ton from the plains of Australia, fruits of all sorts from Cali- 
fornia, lobsters from Boston and Nova Scotia, oysters and 

| peaches from Baltimore, sardines and green peas from France, 
pine-apples from Mauritius, apricots from Lisbon, milk from 
Switzerland, jams from Tasmania, and many other products of 
foreign soil, which complete the list of what the French have 
called conserves alimentatres.” 

Mr. Hamilton Smith, jun., in his paper on wrought-iron 
conduit pipes, refers to the method of hydraulic mining intro- 

It may roughly be defined as the 
discharge of jets of water, actuated by gravity with a consider- 
able head, against a bank of auriferous gravel, the water acting 
first as an excavator, and afterwards as a carrier of the washed 
material. 
ducted through hose made of heavy cotton duck cloth, which 
was strengthened by outer nettings of cordage when the pressure 
was large. In 1853 an ingenious miner laid in his main a line 
of pipe consisting of joints of ordinary stove-pipe, made of very 
thin sheet-iron lightly fastened together with cold rivets; the 
joints being united stove-pipe fashion. This pipe answered 

| admirably, and in a short time all the hydraulic gravel mines in 
California obtained the pressure for their water-jets by means of 
thin sheet-iron pipes. As a protection against rust, each joint 
is immersed for several minutes in a bath of boiling asphalte and 
coal-tar ; a little rosin is added when a glassy surface is desired, 
and sometimes a little fish-oil, After successful practice in the 
mines had demonstrated the advantages and capabilities of 
wrought-iron pipes, they were used for permanent conduits both 
for conducting water to mining districts across deep mountain 
gorges, and also for the supply of cities. San Francisco, a 
place of some 300,000 inhabitants, receives its water through 
two lines of such pipes, and a third pipe, many miles in length, 
and of large diameter, is now being laid for an additional 
supply. 
‘On a Neutral Lining for Metallurgical Purposes”? was the 

title of a paper in which M. Ferd. Gautier, after describing 
various linings of an acid, basic, reducing, and oxidising charac- 
ter, refers to one in which chrome iron is the main constituent. 
From a physical point of view chrome ore is essentially re- 
fractory ; heated in lumps it does not crumble to pieces, how- 
ever high the temperature. In general metallurgy, where no. 
alkalies in notable quantities are present, chrome iron is a 
refractory material of a specially neutral character, since neither 
acids nor bases act upon it. The chrome iron is employed 
shaped in pieces, and also as a mortarin combination with lime. 
The use of this material in the basic open-hearth process has 
been kept secret for some time ; it was exhibited last year at the 
International Inventions Exhibition. 

The President’s paper on steel wire of high tenacity 
referred to experiments on the tensile strength and chemical 
composition of wires of various thickness. The mechanical tests 
were made at the request of the author by Col. Maitland, R.A., 
and the analyses by Sir Frederick Abel. The wire was of a 
very pure character, there being a percentage of total carbon 
0°828, manganese 0°587, silicon 0°143, sulphur 0009, copper 
0030, without a trace of phosphorus. The tensile strengths of 
the wires increased as: their thickness diminished, as shown by 
the following table :— 

Diameter in fractions Tensile strength in tons 
of an inch per sq. inch 
0°093 ae oe 154 
0°132 115 
0159 100 
Og! go 

The difficulty in accounting for the increase of strength with 
diminution of diameter in wire-drawing is the circumstance that 
the density of the material diminishes during this process. 

Mr. T. Blair’s paper on certain necessary products of blast- 
furnaces, and Mr. Bauerman’s note on a rare blast-furnace slag 

| of the composition of gehlenite, were discussed together. 
The paper by Mr. John Head on blow-holes in pee 

e 
blow-holes in steel, the author explained, are due to the con- 
traction of the metal on cooling, or to the presence of im- 
prisoned gases in its mass. Those of the first kind are removed 
by welding, when the steel is subjected to pressure. Those of 
the second kind the author maintains to be similar to what is 
technically known as ‘seedy boil” in glass, and may be re- 
moved in the manufacture of steel by not allowing the flame to 
touch the fused metal, just in the same way as they have been 

The supply of water for these jets was at first con- - 
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got rid of in the manufacture of glass by the use of the radiating 
furnace. It .was suggested, in explanation of certain mys- 
terious failures which had occurred in steel, the possibility 
that in these cases the gaseous blow-holes in an ingot 
may have sorted or arranged themselves in a series, thus 
forming a line of weakness in the plate or bar, which has 
failed along that line when subjected to a strain much below 
that which test-pieces from the same plate or bar would with- 
stand. Inconclusion the author had no doubt “that, by manu- 
facturing open-hearth steel free from gaseous blow-holes, the 
metal produced would be much stronger and more reliable 
than that made by contact of flame, and the result would be a 
greater confidence inits use.” In the discussion of this paper a 
unanimous verdict was given in favour of steel alike by re- 
presentatives of the Admiralty, the Board of Trade, and 
Lloyd’s Registry, who are the official judges of the metal, 
and by shipbuilders and boiler-makers who have found the 
material more trustworthy than the best iron. As_ re- 
gards the manufacturers, one acknowledged to the fact of 
there being a large difference in the total carbon, according as a 
sample was taken from one end or another of a large ingot, whilst 
another speaker had found the metal to be more regular if made 
in a radiation than a contact of flame furnace. As the author 
stated in his reply, the users were evidently even better satisfied 
with the material supplied them than the makers, which is 
certainly a favourable sign. 

Mr. F. W. Webb’s paper on the endurance of steel rails 
added further testimony to what had already been said in favour 
of steel. In 1876 the London and North-Western Railway put 
down 31,391 tons of iron and steel rails together, twelve months 
after which iron rails entirely disappeared, whilst the estimated 
requirements for this year are only 11,600 tons. The small 
quantity of rails required for renewals account in some measure 
for the depression in the steel-making trade. On the other 
hand, if steel sleepers are found to answer, and the author sees 
no reason why they should not, 45,000 steel sleepers having 
been put down on the London and North-Western line, and 
giving every satisfaction, orders for steel sleepers should in 
great measure make up for want of orders for rails. 

Dr. H. C. Sorby drew attention to the application of very high 
powers to the study of the microscopical structure of steel, having 
employed a power of 650 linear which, being about ten times that 
used in his previous researches, opened out a new field for research. 
The chief facts were best seen in the case of an ingot of steel 
of medium temper. On fracture, comparatively large crystals 
were visible, radiating from the surface to the interior. When 
a properly-prepared microscopical section was viewed with a 
moderate power, it was easy to see that, after having crystallised 
out from fusion at a high temperature, these large crystals broke 
up on further cooling into much smaller ones. What was now 
seen with very high powers was that these smaller crystals finally 
split up into alternating very thin plates. Taking all the facts 
into consideration, it appeared as though a stable compound of 
iron with a small amount of carbon existed at a high temperature, 
which at a lower broke up into iron combined with a larger 
amount of carbon, and into iron free from it. If these two pro- 
ducts had not differed so much in hardness, or if the alternating 
plates had been considerably thinner, or if definite plates had 
not been formed, such a compound structure would never have 
heen suspected. It has probably never been specially looked 
for in other substances, and might exist without being visible, 
even with the highest and best magnifying powers. To give 
a good idea of the size of the plates, he would refer to what 
was seen in a longitudinal section of medium steel forged 
from an ingot 3 inches in diameter down to a bar 1 inch square. 
When broken, it showed a very fine grain, and when a prepared 
Section was examined with a moderate power, this grain was 
seen to be due to crystals often about 1/1000 inch in diameter, 
which were not drawn out or distorted, as they would have been 

_ if they had existed previously to final cooling after hammering, 
and as they were distorted if the steel were hammered at a lower 
temperature. Examined with a power of 650 linear, these 
crystals only 1/toco inch diameter were seen to contain some- 

ees thing like 60 of the alternating plates, and even this extremely 
delicate structure showed little or no trace of distortion. Of 
course it was impossible to separate and analyse such thin plates, 
and reliance must be had on induction to furnish a knowledge of 
their nature. His reason for concluding that the hard plates 
contained combined carbon was that they were not seen in iron 
free from carbon ; they increased in amount with increase of 

~ 

| carbon, and were seen to the greatest perfection when there was 
| aconsiderable amount in a combined state. 

Mr. Thomas Turner’s paper on the constituents of cast-iron is 
an attempt now made for the first time to systematise in some 
measure our knowledge of the constituents generally present in 
cast-iron, to estimate the mechanical value of any given 
specimen of which the chemical analysis is known, and 
conversely, when any given mechanical properties are desired, 
to predict the most suitable composition for the material. 
In connection with this subject two opposite opinions have 
been advanced by different authorities, both of which found 
expression at the Glasgow meeting of the Institute. On the 
one hand, it was suggested that probably the best mechanical 
properties would be obtained in a cast-iron which contained if 
possible nothing but carbon and iron, all other elements being 
regarded as impurities. On the other hand, it was said that 
possibly very considerable quantities of other elements might be 
added, even upwards of 10 per cent., without rendering the 
metal unfitted for the founder’s use. It might be, if chemically 
pure iron could be obtained, that the first suggestion would be 
correct, and possibly if the various constituents could be added 
in just such proportions as to neutralise each other’s ill-effects, as 
under such circumstances they are capable of doing, then the 
second suggestion might likewise prove true. As a matter of 
fact, pure iron cannot be manufactured, and the ill-effects of 
large proportions of foreign substances cannot be neutralised. 
A cast-iron of tolerable purity can, however, be produced, from 
which, by variationsin the proportions of the constant constituents, 
a metal of desired character may be prepared. The author 
treats in detail of the influence of carbon, manganese, phos- 
phorus, silicon, and sulphur, all of which are invariably present 
in greater or less proportion. Of these, carbon is the most im- 
portant constituent, and remarkable differences are pr duced by 
variations in the proportions of combined carbon and graphite. 
For the more ordinary cast-iron the amount of total carbon 
varies from about 3 to 3°8 per cent., a lower proportion being 
generally due to some irregularity in the working of the blast- 
furnace. The relative proportion of graphitic to combined 
carbon can only be affected in two ways—by difference in the 
methods of fusion after cooling, and by variations in the pro- 
portions of other elements present. Maximum general strength, 
that is, considerable crushing strength combined with high tensile 
strength, is obtained with not less than 0°4 per cent. of combined 
carbon, the metal being sufficiently soft to work with the tool ; 
with more combined carbon the metal becomes harder, its 
crushing strength increases while the tensile diminishes. The 
amount of graphitic carbon depends upon’the total and combined, 
but, in the majority of cases, 2°6 per cent. for crushing strength, 
2°8 per cent. for general strength, and 3 per cent. for strength 
and softness, will be found best. It is to be remembered that 
any required proportion of combined carbon may be obtained 
by altering the amount of silicon on the one hand, or of man- 
ganese and sulphur on the other, the former diminishing and 
the latter increasing it. As regards silicon, the experiments 
show that, if high crushing strength is required, it can be ob- 
tained by a low percentage of silicon ; if a high tensile strength 
is required the silicon should be somewhat higher, while for soft- 
ness, smoothness of surface, and fluidity a still higher proportion 
is necessary. The author is of opinion that, although phosphorus 
is objectionable in wrought-iron and steel, it is not so in cast- 
iron, the specimens which possessed the highest average quality 
being all moderately phosphoric irons, averaging from o*Ig to 
0°72 per cent., 0°3 per cent. being a very suitable average pro- 
portion for strong iron ; the amount must be proportioned accord- 
ing to the object the founder has in view. A small quantity of 
sulphur is known to produce hard white iron, owing to an 
inerease in the amount of combined carbon, acting therefore, 
when in small quantity, in a manner almost exactly opposite to 
that of silicon. Sulphur and silicon are to a considerable extent 

mutually exclusive of each other in cast-iron, Thus the addition 

of sulphur to siliceous iron causes the separation of graphitic 

matter containing silicon, while the addition of silicon to an 

iron rich in sulphur causes the separation of graphitic matter 
rich in sulphur, one part of sulphur neutralising the effect of 
from five to ten parts of silicon. From o°2 to 0’75 per cent. of 
manganese appears to exercise no injurious effect in the 
majority of cases, and may even be beneficial. The author 
considers the following to be proved, that pure cast- 
iron, 2.2. iron and carbon only, and cast-iron containing 
excessive amounts of other constituents, would not be suitable 
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for foundry work ; that the ill-effects of one constituent can at 
best be only imperfectly neutralised by the addition of another 
constituent ; that there is a suitable proportion for each consti- 
tuent present in cast-iron, depending upon the character of the 
product desired, and upon the proportion of other elements 
present ; and that variations in the proportion of silicon afford a 
reliable and inexpensive means of producing a cast-iron of any 
required mechanical character which is possible wich the material 
employed. 

Krupp’s hot-blast pyrometer, which wa; shortly described, 
consists of an arrangement by which the hot blast is drawn with 
a fixed proportion of cold air into a chamber, the temperature 
of which, being measured with an ordinary thermometer, gives 
that of the hot blast by calculation, 

ON DISSOCIATION TEMPERATURES, WITH 
SPECIAL REFERENCE TO PYROTECHNICAL 
QUESTIONS? 

IN bringing the subject of dissociation before the Reyal Insti- 
tution of Great Britain, the author proposed to confine 

himself to its influence on combustion and heating, that is to 
say, to its effects on combustible gases and the products of com- 
bustion, and on furnace work generally. His researchés had 
been made for the most part in connection with large gas fur- 
naces constructed according to his new system of working with 
radiated heat, or what may be otherwise called free development 
of flame. In the first or active stage of combustion the flame 
passed through a large combustion chamber (all contact with its 
surfaces being avoided), and parted with its heat by radiation 
only ; while in its second stage the products of combustion were 
brought into direct contact with the surfaces and materials to be 
heated, by which means the remainder of its heat was abs- 
tracted. This, in a few words, was a description of the method 
of heating with free development of flame. In perfecting this 
system of furnace, the principle of which was in many respects 
the reverse of that generally accepted, both as regards construc- 
tion and working, he had to examine into the accuracy of certain 
scientific theories which could not be brought into harmony with 
the actual results he obtained. 

Adopting the generally-accepted theory of combustion, accord- 
ing to which a flame consists of a chemically-excited mixture of 
gases, whose particles are in violent motion, either oscillating to 
and from each other, or rotating around one another, it followed 
that any solid substance biought into contact with gases, thus 
agitated, must necessarily have an impeding effect on their 
motion. Motion being the primary condition of combustion, 
the latter would be more or less interfered with, according to 
the greater or less extent of the surfaces which impede the 
action of the particles forming the flame; in the immediate 
neighbourhood of such surfaces the combustion of the gases 
would cease altogether, because the attractive influence of the 
surfaces would entirely prevent their motion; farther off, their 
combustion would be partial, and only at a comparatively great 
distance the particles of gas would be free to continue unim- 
peded the motion required to maintain combustion. On the 
other hand, the surfaces themselves must suffer from the motion 
of the particles of gas producing the flame, for, however small these 
particles might be, they produce, while in such violent motion, an 
amount of energy which acting constantly would in time destroy 
the surfaces opposed to them, just as ‘‘ continual dropping wears 
away stone.” This circumstance fully accounted for the fact 
that the inner sides of furnaces, and the materials they contained 
were soon destroyed, not by heat, but by the mechanical, and 
perhaps also by the chemical, action of the flame. It would 
seem strange that the heating power of a large volume of flame 
should be so much interfered with by the contact of its outer 
parts only with the inner sides of a large furnace chamber, if 
there was not another cause besides imperfect combustion to 
reduce the heating effect of a flame which touched the surfaces 
to be heated. 
heat not only from its outer surface, but also from its interior by 
allowing the heat to radiate through its mass. In this manner 
every particle of flame sent its rays in all directions, but if the 
flame itself touched anywhere combustion ceased there, free 
carbon was liberated and produced smoke which enveloped that 
part and prevented the rays of heat of the other portions of the 
flame from reaching it. 

ee Lecture by Mr. Frederick Siemens at the Royal Institution, Friday, 
ay 7. 
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The author had avoided for various reasons referring to the: 
subject of dissociation until recently, although it had been 
brought forward by several writers, and used as an argument 
against his new system of furnace ; as according to these writers’ 
it would appear to be impossible to produce such exceedingly- 
high temperatures as he claimed to reach. He had long held 
the opinion that appearances of dissociation not being observ- 
able in furnaces heated by radiation, but occurring in furnaces 
in which the flame was allowed to come into contact with 
surfaces, must be due to the action on the flame of those sur- 
faces at high temperature. He was led to this conclusion partly 
from his own observations, and partly from descriptions of dis- 
sociation observed by others, amongst whom was his brother, 
the late Sir William Siemens, who described a case of dissocia- 
tion (see lecture delivered March 3, 1879, at the Royal United’ 
Service Institution, entitled ‘*On the Production of Steel, and’ 
its Application to Military Purposes”) which occurred in a 
regenerative gas furnace constructed according to their old views 
of combustion and heating. Zhe conclusion at which he hat 
arrived was, that solid surfaces, besides obstructing active com- 
bustion, must also at high temperatures have a dissociating 
influence on the products of combustion. ; 

In order to obtain information on this subject he examined the 
laws and theory of dissociation, and endeavoured to bring the 
various results obtained by scientific authorities into agreement 
with one another, and with his own experience, but failed en- 
tirely in doing so. The temperatures of dissociation of carbonic 
acid and steam, the two principal gases forming the products of 
combustion when ordinary fuel was used, vary very much 
according to these observers, and the results he had obtained 
in practice were different from most of them. He hoped to 
prove that the temperature at which dissociation sets in is, in 
most cases, much higher than generally admitted ; and that the 
authorities he was about to refer to had omitted in almost all the 
experiments they had made to take into proper consideration 
one element which was liable to alter materially the results 
obtained by them. This element was the apparatus used for 
those exp_riments as regards its surface, form, and material, 

In considering the question of dissociation, he proposed to- 
commence with Deville, who first discovered and called atten- 
tion to the dissociation of gases at high temperatures. He made 
numerous experiments with various gases, and fixed certain tem- 
peratures at which he found that either complete or partial dis- 
sociation took place. Without going into details, he might 
mention that Deville required to use vessels and tubes of definite 
dimensions, material, and structure, in order to obtain the results 
stated. One experiment had to be made with a porous tube, 
another required the use of a vessel with rough interior surfaces, 
or containing some rough or smooth material. In this way 
Deville arrived at a great variety of results, and although he did 
not state that the rough surfaces, or porous tubes, or the solid 
material placed inside the vessels which he employed, had any 
particular influence on the temperature at which dissociation 
took place, yet it would appear that he could not obtain his 
results without having recourse to those means. Deville’s results 
depended very much upon the various kinds of surfaces he used 
in his experiments, if they were not entirely brought about by 
them ; these experiments, moreover, were of a very complicated 
nature, so he proposed to pass on to more modern authorities, 
whose experiments were of simpler character, and less open to 
objection. 

The most important experiments which modified those of — 
Deville were due to Bunsen. Bunsen observed the dissociation 
of steam and carbonic acid by employing small tubes filled with 
an explosive mixture of these gases, to which suitable pressure- 
gauges were attached. On igniting the gaseous mixture, ex- 
plosion took place, and a high momentary pressure was produced 
within the tube ; from the pressure developed, Bunsen calculated 
tho temperature at which the explosion took place, and found 
that it varied with the mixtures employed. He records the 
circumstance that only about one-third of the combustible gases 
took part in the explosion, from which circumstance he con- 
cluded that the temperature attained was the limit at which 
combustion occurred. To prove this, Bunsen allowed the gases 
sufficient time to cool, after which a second explosion was pro- 
duced, and even a third explosion when time was allowed for 
the gases to cool down again. Bunsen obtained much higher 
temperatures fr his limits of dissociation than other physicists ; 
these were for steam about 2400° C., and for carbonic acid 
about 3000° C. These temperatures were probably higher than 
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are reached in the arts, as materials used in furnace-building 
would not withstand such temperatures for any length of time ; 
but still he must call attention toe the circumstance that if the 
influence of the inner surfaces of the tubes on the combustion of 
the gases therein could be removed, the dissociation temperatures 
arrived at would be found still higher. He could not admit that 
Bunsen’s explanation of the cause of the second and third ex- 
plosions was quite satisfactory, as it was not the cooling of the 
gases alone which rendered the subsequent explosions possible, 
but also the thorough re-mixture of the gases by diffusion after 
each explosion. ‘This he illu-trated by means of diagrams which 
represented— 

(1) A tube filled with an explosive gas mixture which was 
shown white. 

(2) The same tube immediately after an explosion had taken 
place, with a white margin to indicate the unexploded mixture 
close to the sides, and deep red, towards the middle of the tube, 
the exploded gases. The white was shown as merging into 
deep red by degrees, because close up to the sides the surfaces 
prevented explosion or combustion altogether; nearer the 
middle partial combustion took place, whilst only in the middle 
of the tube the gases found sufficient space for complete com- 

| bination. 
(3) The same tube after the burnt and unburnt gases had 

mixed by means of diffusion, which was coloured light red. 
(4) The same tube immediately after the second explosion, 

coloured light red at the sides, turning into deep red by degrees 
towards the middle. 

(5) The same tube after diffusion bas done its work a second 
time, coloured a deeper shade of red. 

(6) The same tube after the third explosion, coloured nearly 
_ deep red throughout, but still a lighter shade on the sides. 

In Bun en’s inode of determining dissociation at high tem- 
| peratures we had only to deal with the obstruction which sur- 
' faces offer to combustion, leaving out their dissociating influence 
‘at high temperatures, which affected most of Deyville’s results. 
For that reason Bun-en arrived at much higher dissociation 
temperatures than Deville, and his mode of experimenting 
possessed the advantage that it might lead to a proper settle- 
ment of the question of temperatures at which dissociation 
would set in when taking place in a space unencumbered by 
surfaces. 
By taking a narrow tube of about the same size as Bunsen 

used for his experiments, and a hollow sphere of the same 
| capacity, in both of which Bunsen’s experiment should be re- 
peated, the real dissociation temperature, if no surfaces were 

| present to influence the result, might be approximately cal- 
} culated. 

Bunsen’s method of experimenting, according to his view of 
the matter, should form the foundation of further research to 
determine the dissociation temperatures of products of combus- 
tion. Even if means were found for eliminating the influence 
of surfaces, no known material at our disposal could withstand 
the very high temperature to which the vessels or tubes would 
be subjected if experiments were carried out according to 
Deville’s method. 

That the surfaces of highly heated vessels or tubes either pro- 
duce, or tend to produce, dissociation, had been corroborated 
lately by two Kussian experimentalists, Menschutkin and 
Kronowalow. These gentlemen found that dissociation of car- 
bonic acid and other gases was much facilitated when the vessels 
used for the experiments were filled with material offering rough 
surfaces, such as asbestos or broken glass. 

‘The lecturer’s view of the theory of dissociation caused or 
influenced by surfaces might be given as follows. Increase of 
temperature producing expansion of gases would reduce the 
attractive tendency of the atoms towards one another, or, in 

’ other words, diminish their chemical affinity. In the same ratio 
as the temperature was increased the repelling tendency of the 
‘atoms must increase also, until at last decomposition, or what is 
called dissociation, took place. This being admitted, it would 

follow that the adhesive or condensing influence of surfaces on 
the atoms of the gas, which action would increase at high 
temperatures, would assist this decomposition by increasing the 
repelling tendency of the atoms. 
Victor Meyer, who at first disputed the accuracy of the results 

obtained by the two Russian physicists, ultimately accepted 
them, thus confirming the results he had arrived at in practical 
work with furnaces. Thus the question might be considered 

nearly settled, the more so as Meyer was himself a great au- 

thority in questions of dissociation, having carried out many 
interesting experiments. Meyer, for instance, proved dissocia- 
tion by dropping melted platinum into water, and found that 
oxygen and hydrogen were evolved from the steam produced. 
There could be no doubt on this point, but the question arose 
whether heat was the sole agent that brought about the dissocia- 
tion of steam in this case. In the first place the dissociating 
influence of the highly heated surfaces of platinum on steam had 
to be taken into consideration, and, secondly, the chemi al 
affinity which platinum had for oxygen, and still more for hydro- 
gen. The same remarks applied to Meyer’s experiment of 
passing steam or carbonic acid through heated platinum tubes, 
in which case he obtained only traces of dissociation, the 
temperature being much lower. Other experiments might be 
mentioned, but none led to a different conception of the 
question. 

There is one other circumstance connected with dissociation, 
proved by experiment, which, however, required explanation. It 
was considered asa sure sign that dissociation was going on when 
a flame whose temperature was raised became longer ; this it 
was said could only be accounted for by dissociation having 
commenced, He agreed with this conclusion, but the experi- 
ments by which it had been proved had been made, like others 
referred to, in narrow tubes or passages in which the dissociating 
action of the heated surfaces must come into play. It was not 
alone the heat to which the gases were raised that in these cases 
caused dissociation and increased the length of the flame, but 
also the influence of the heated surfaces in contact with the 
combustible gases, more e pecially if these gases contained 
hydrocarbons. The extension of the flame was also partly due 
to the obstruction which the surfaces offered to the recombusti »n 
of the dissociated gases through want of space. If the same 
flame were allowed free developmen’ in a spice unencu nbered 
by surfaces, as in the lecturer’s radiation furnace, no such exten- 
sion of its length would be observed ; but, on the contrary, it 
would get shorter with increase of temperature. This action 
could be best observed in the regenerative gas-burner exhibited, 
whose flame became shorter the greater the intensity of the 
temperature, and therefore of the light, produced. On the other 
hand, flame might be extended almost to any length if conducted 
through narrow passayes ; this might be seen in regenerative 
furnaces, which would send the flame to the top of the chimney 
if the reversing valves were so arranged that the flame, instead 
of passing through the furnace chamber, was made to burn 
directly down into the regenerators. No proper combustion 
could then take place in the brick checkerwork of the regenera- 
tive chambers, and the flame would consequently continue to 
extend until co led down below a red heat, being ultimately 
converted into dark smoke ; thus in this case the extensive sur- 
faces offered by regenerators would act both ways, by preventing 
combustion, and by assisting dissociation. 

It would be understood that regenerative furnaces them- 
selves offered special opportunities for making experiments, most 
questions, indeed, being best settled by the results obtained in 
actual work. If dissociation set in the consequences were seen 
in want of heat, reduced output, and in destruction of furnace 
and material. If the causes of dissociation were removed, a rise 
in temperature, increased output, longer furnace life, and saving 
of material ensued. Similar results might be obtained with 
other furnaces, but the beneficial action would not be so great as 
in the case of the regenerative furnace, because the intensity ot 
heat obtainable in them was much lower. 

After describing a new regenerative gas stove he had lately 
introduced, the lecturer referred to the better distribution of the 
radiated heat by its use; he found that a room warmed by 
means of a stove or open fire, such as described, was of a more 
uniform temperature than when warmed by an ordinary fire or 
by a gas and coke fire, such as his brother was engaged im intro- 
ducing into this country shortly before his death. 

This, in his opinion, was mainly due to the fact that a source 
of radiant heat of low intensity but of large surface, sending out 
its rays at various angles, heated an object in its vicinity very 
much more than was the case with a smaller source of radiant 
heat of greater intensity, whose rays struck the object from one 
direction only, notwithstanding that both sources radiated the 
same quantity of heat. This action was illustrated by means of 
two diagrams exhibited, which represented two rooms, the one 
heated by asmall flame of high intensity, and the other by a 
large flame of low intensity, both radiating the same quantity of 
heat. In each room two objects, globes or spheres, were repre- 
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sented, the one close to, and the other at a distance from the 
source of heat. The object in the one room near to the source 
having the large heating surface was almost enveloped in rays, 
while that in the second received rays only in one direction, the 
former therefore being much more heated than the latter. This 
difference did not occur when the two globes at a distance from 
the two sources of heat were compared. The law that the rays 
of heat diminished in the inverse ratio of the square of the 
distance was only correct as regards small but intense sources of 
heat, whilst the decrease of radiant heat took place in a much 
higher proportion in the case of large sources of heat of low 
intensity. This clearly proved that for the purpose of warming 
rooms by means of radiation, it was important that the heat should 
be concentrated in an intensely hot focus, as was the case in 
nature, our earth being warmed in this way by the radiant action 
of the sun. 

ON THE EFFECT OF HEAT IN CHANGING 
THE  SDRUCTURE OF  CRYS@AES OF 
POTASSIUM CHLORATE 

was observed some time ago by M. Mallard (Bulletin de la a 
I Société Minéralogigue, 1882, p. 214) that certain crystals, 
such as boracite and potassium sulphate, have their crystallo- 
graphic character profoundly modified by exposure to a high 
temperature, and that in the case of potassium sulphate a num- 
ber of hemitrope plates are thus formed. 

Now, potassium chlorate, while it does not belong to the 
same crystal-family as potassium sulphate, shows a still more 
inveterate tendency to produce twins (such as would assuredly 
drive a Malthus to despair). It was therefore an obvious in- 
ference that heat might produce a similar physical change in this 
substance, although [ have not been able to find any account of 
the experiment having been tried. The decrepitation of crys- 
tals of potassium chlorate, when heated, has of course been 
noted; but the wreck of the crystal has been always rather 
inadequately explained as due to the vaporisation of included 
films of water. 

A clear transparent crystal of potassium chlorate, from which 
the inevitable twin plate had been ground away so as to reduce 
it toa single crystal-film about 1 mm. in thickness, was placed 
between pieces of mica and laid on a thick iron plate. About 
3 cm. from it was laid a small bit of potassium chlorate, and 
the heat of a Bunsen burner was applied below this latter, so as 
to obtain an indication when the temperature of the plate was 
approaching the fusing-point of the substance (359° C., accord- 
ing to Prof. Carnelley). The crystal-plate was carefully watched 
during the heating, but no decrepitation took place, and no 
visible alteration was observed, up to the point at which the 
small sentinel crystal immediately over the burner began to fuse. 
The lamp was now withdrawn, and when the temperature had 
sunk a few degrees a remarkable change spread quickly and 
quietly over the crystal-plate, causing it to reflect light almost 
as brilliantly as if a film of silver had been deposited on it. 
No further alteration occurred during the cooling ; and the 
plate, after being ground and polished on both sides, was 
mounted with Canada balsam between glass plates for examina- 
tion. Many crystals have been similarly treated with precisely 
similar results ; and the temperature at which the change takes 
place has been determined to lie between 245° and 248°, by 
heating the plates upon a bath of melted tin in which a ther- 
mometer was immersed. With single crystal-plates no decrepi- 
tation has ever been observed, while with the ordinary twinned 
plates it always occurs more or less violently, each fragment 
showing the brilliant reflective power above noticed. Doubtless 
the decrepitation is due to the wrenching asunder of the hemi- 
trope -plates, caused by their unequal expansion by heat in 
different directions. 

The following brief account will show the nature of the 
changes which the crystal has undergone :— 

(1) Examined in common white light, the ordinary crystals of 
potassium chlorate reflect no more light, either superficially or 
internally, than a plate of glass, in whatever position they are 
viewed. 

The altered crystals, when similarly examined, reflect little 
light at small angles of incidence, but at all angles greater than 
about 10° they reflect light with a brilliancy which shows that 
the reflection must be almost total. This reflective power does 
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When the plate is turned round in its own plane, two positions 
are found, differing in azimuth by 180°, in which the crystal 
reflects no more light than an ordinary crystal under the same 
conditions. In these cases the plane of incidence coincides 
with the plane of crystallographic symmetry. 

The reflected beam is slightly iridescent ; and when the 
plate is held obliquely and examined with a magnifier, a striated 
faintly-coloured structure. is observable, resembling that of 
watered silk or mother-of-pearl. The coloured bands always 
lie parallel to the plane of symmetry. When the reflected light 
is examined with a spectroscope, it is found to give a rather 
complicated spectrum containing numerous narrow absorption- 
bands. In some specimens these bands are fairly straight and 
regular, but in most cases they are rather wavy, and vary in thick- 
ness in different parts of their length, appearing somewhat like 
the interlacing twigs in a bundle of sticks. As the angle of in- 
cidence is increased, these bands move towards the more re- 
frangible end of the spectrum, while others appear and join in 
the procession. 

The spectrum of the transmitted light is, of course, strictly 
complementary to that of the reflected beam ; and both of them 
strongly resemble the spectra given by some of the iridescent 
crystals described by Prof. Stokes (see NATURE, vol. xxxi. 
p. 565), and also by many sections of opal and mother-of-pearl, 
and by films of decomposed glass. 

(2) When examined in a parallel beam of plane-polarised 
light, the ordinary crystals show little or no colour, unless held 
so that the light passes nearly in the direction of the optic axes, 
when the usual broad, rather faintly-coloured bands are seen. 
The altered crystals, on the contrary, give in all positions (ex- 
cept when the light passes through nearly normally, or when the 
plane of polarisation is either parallel or perpendicular to the 
plane of symmetry) a most complicated and brightly-coloured 
pattern, resembling that which is shown by many of the com- 
plicated macled crystals of amethystine quartz, which vary, like 
patterns on watered silk, with slight changes in the direction of 
incidence of the light. 

(3) When examined in a micro-polariscope, in plane-polarised, 
highly convergent white light, the ordinary crystals show the 
usual isochromatic lemniscates surrounding the optic axes, which 
latter are themselves just visible at the edge of the field. In the 
altered crystals nothing of the kind is visible, only patches of 
colour distributed rather irregularly over the field, somewhat 
like those of certain of Nérremberg’s mica-selenite combina- 
tions. 

(4) When homogeneous (sodium) light was substituted for 
white light in the micro-polariscope (an expedient which is of 
great use in simplifying and giving definiteness to the phenomena 
shown by crystals), the remarkable nature of the structural change 
which heat had caused was much more clearly apparent. The 
ordinary crystals simply showed the usual multitude of curved 
isochromatic bands symmetrically arranged round the optic axes 
and filling the whole field. The altered crystals showed nothing 
of the kind ; but a set of hyperbolas appeared—the form of the 
isochromatic curves of extremely high order which are given by 
biaxial crystals when the directions of the optic axes make a 
very large angle with the normal to the surface of the plate (see 
Verdet, Q@uvres, vol. vi. pp. 172-175). These hyperbolas are 
not rectangular, thus proving that the optic axes do not lie in 
the plane of the plate (as in the case of cleavage plates of 
selenite) ; but they so nearly do this that I could not, even by 
immersing the plate in oil, satisf»ctorily determine their precise 
position. The bands are rather irregular and shifty, as is usual 
in composite macles ; in some parts of a crystal they may appear 
as the central portions of a lemniscate-system. 

(5) It seemed desirable to examine the effect of heat upon the 
crystal during its progress, so as to determine whether the 
change of structure takes place at the period of the formation of 
the reflective layer. For this purpose a polished plate of 
potassium chlorate was clasped in a copper holder (like that 
used for plates of selenite in Mitscherlich’s well-known experi- 
ment), so that it could be placed in the field of the polariscope 
and examined while its temperature was gradually raised by the 
application of a lamp-flame to the outer extremity of the 
holder. 

The ordinary set of isochromatic curves lasted nearly un- 
changed for some time as the tempe'ature rose, but at a certain 
point they faded away like a dissolving view ; and then out of | 
the confusion there emerged the set of hyperbolas above men- 

not seem to be materially greater at high angles of incidence. | tioned, which grew in definiteness and regularity, but did not 
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otherwise alter until the field quickly became dark owing to the 
sion of the crystal. This seems to indicate that the change in 

begins quite independently of the formation of the 
Teflective lay~ the latter being only an incident occurring at a 
‘particular stage of tne Saino 
f (6) It would seem that Sim hing of the following kind 
happens to the crystal. Itis, of course, exicotropic in structure, 
and the effect of heat is to set up a molecular strain which at a 
certain point of temperature causes so strong a shearing actian 
between nearly contiguous layers of the substance that whole 
rows of crystal elements lying between these layers are rolled 
over, as it were, by the ‘‘couple” applied to them, until they 
take up their ‘‘second positions of equilibrium,” as M. Mallard 
would say (see his paper ‘Sur la Théorie des Macles,” Au/?. 
Svc. Min., December 1885, p. 467). If these latter positions 
were such as to bring the od¢wse bisectrices (supplementary lines) 
into parallelism with a normal to the main plate, the occurrence 
of the hyperbolas abuve described would be fully accounted for. 
‘Such an action would be of the same general character as that 
which takes place in cale-spar when macles are being developed 
n it by Keusch’s method ; viz. by carefully compressing a crystal 
of it in a definite direction (ogg. Ann., vol. cxxxil. p. 445), 
I have succeeded by properly regulating the direction and 
amount of the pressure in making spar-macles containing 
numerous ‘‘planes of sliding” (Gveitfachen, as Prof. Reusch 
‘calls them), which reflect light with a pearly lustre, and almost 
as brightly as the potassium chlorate macles described above. 
_ It has yet to be explained, however, why the intense reflective 
power does not show itself during the process of heating, when 
the tilting over of the crystals would certainly take place, and not 
juntil a particular stage of the cooling is reached. I am inclined 
‘to believe that this may be due to the substance acquiring a 
‘certain amount of plasticity at high temperatures, such as has 
‘been observed by M. Mallard in crystals of nitre under similar 
‘circumstances. This may prevent any loss of optical continuity 
until a certain critical point in the cooling has been reached ; 
and at this point the displaced crystal elements suddenly part 
‘company with their unaltered neighbours, leaving a numerous 
series of parallel tubular cavities, precisely like those which are 
‘undoubtedly present in calc-spar macles formed by Keusch’s 
method. The opposite sides of these parallelogrammatic cavities 
may be so near each other that the rays reflected from them may 
‘interfere, and give the colours of thin plates corresponding to a 
lrather high order in Newton’s scale. Although a large amount 
‘of light must escape reflection at any single cavity, yet if the 
‘transmitted rays encountered a large number of precisely similar 
jand similarly situated cavities at slightly lower levels in the 
‘crystal, the sum of the partial reflections would produce an effect 
almost equivalent toa total reflection of the original incident ray, 
md a corresponding deficiency in the amount of light trans- 

mitted through the whole plate. ‘The brilliancy of the colours 
in the light reflected from the well-known films of decomposed 
Jass is accounted for in precisely the same way, and the suc- 
ssive separate films of glass can be easily seen under a micro- 

See. 

scope at the edges of the compound film, .where they only | 
partially overlap. 
_ The fact that no brilliant reflection is observed in and near the 
lane of symmetry of the crystal may be due to the sides of the 
avities in a given horizontal row not lying strictly in the same 
Jane, but being slightly inclined alternately in opposite direc- 
ions, so as to form a series of anticlinals and synclinals, or 
idges and furrows like those of a roof. Thus a beam of light 
ncident in the plane of symmetry would be reflected in directions 
lying a little to the right and left of this plane, and not in the 
lane itself. The satin-like appearance of the reflecting layers, 
ready alluded to, would be fully accounted for by such a struc- 

ture. 
_ The changes above described seem of interest as bearing upon 
the cause of the strong iridescence of some crystals of potassium 

2. . . . 
hlorate, about which I may have something to say in a future 
ommunication, H. G. MADAN 
Eton College, May 10 

S SCIENCE IN RUSSIA 

THE last volume of the A/emozrs of the Kharkoff Society of 
ae Naturalists (vol. xviil.) contains several papers of interest, 
‘All who have had to deal with Acarides, and are acquainted 
with the difficulties of their classification, will welcome the 
elaborate memoir, by M. Krendowsky, on the Hydrachnids of 
ty 

Southern Russia. It is not a mere description of forms, with 
a more or less happy classification, but an elaborate contribution 
towards the systematic arrangement of this imperfectly-known 
subdivision. The embryogeny of the Hydrachnids, and especially 
their larval phase, have received special attention, no satisfactory 
classification being possible without that preliminary study. It 
appears also from M. Krendowsky’s researches that many 
Hydrachnids of Southern Russia are really temporary parasites 
on several insects, mollusks, and sponges, especially when 
young and in the state of six-footed larvae. The Hydrachnids 
of South-Western Russia belong to thirty-five. species (nine 
species each of Wesea and Arrenurus, five of Adax, and four of 
Limnesia) ; the author has been led to revise the whole of the 
classification of the freshwater Acarides, and gives it complete, 
with analyses of each family, as well as of the very numerous 
genera. 

Another paper of great interest is devoted by the same author 
to the estuaries of the Bug, Dnieper, and the smaller ones in the 
neighbourhoods of Kherson and Odessa. ‘This paper is full of 
the most useful information as to the characters and geological 
history both of these estuaries and the Zmans, which are now 
shut off from the sea by their sand-bars, and have become mere 
elongated salt lakes. 

Prof. Lewakowsky contributes to the same volume a paper on 
the Jurassic limestones of the Crimea, based especially on their 
micro-structure, It appears that they mostly contain very small 
debris of corels and rhizopods ; they are not coral structures, as 
was supposed, but have much likeness to what Dana describes 
as beachsand-rock. Like the clay-slates of the same formation 
in the Crimea, they have been deposited in a wide basin which 
extended into Kherson and Ekaterinoslay, and they were com- 
posed of materials brought from the south, from a continent 
which occupied part of what is now submerged by the Black 
Sea. M, Genjouriste’s researches into the microscopical struc- 
ture of the coal of the Donez Basin are interesting inasmuch as 
they show that the prevailing materials for the formation of this 
coal were the higher vascular Cryptogams, and not Algze, as 
was sometimes supposed by Kussian geologists. Dr. M. 
Dybowsky’s additional note on the Spongilla Dorvilia slepanovit, 
one of the most interesting discovered in Europe, contains a 
description of the structure of its gemmulz, with the porous and 
“*cirrous appendages.’ The note, as also the preceding papers, 
are accompanied by several plates. 

SCIENTIFIC SERIALS 

The Quarterly Fournail of Microscopical Science, vol. xxvi. 
part 3, April 1886, contains a memoir on the leeches of Japan, 
by Dr. C. O. Whitman (plates 17 to 21). A short abstract of 
this important memoir has been given in our Biological Notes. 
—Contributions to the embryology of the Nemertea, by Prof. 
A. A. W. Hubrecht (plate 22). No. 1 is an account of the 
development of Linens obscurus, Barr. These investigations, 
already published in the Dutch language, are fully detailed in this 
paper, and the plate gives the details of the principal results, 
combined into fifteen diagrammatic tracings. In one section 
the earliest developmental stages and the derivatives of the primary 
epiblast ; in a second the hypoblast before the shedding of the 
primary larval integuments; and in a third the mesoblast, are 
treated of.—On the early development of /zlus terrestris, by 
F. G. Heathcote, M.A. (plates 23 and 24). This is the first 
part of an essay on a subject not treated of by British naturalists 
since the days of Newport. It treats of the segmentation of the 
ovum, which shows a remarkable resemblance to that found in 
Amphipods by Uljanin. The formation of the blastoderm is 
such as is generally found in tracheate development. ‘The cells, 
which at the conclusion of the blastoderm formation remain 
within the yolk, represent the endoderm, The mode of forma- 
tion of the mesoderm almost exactly resembles that described by 
Balfour for spiders. In a future paper the author intends de- 
scribing the further developmental stages of the embryo.— 
William A. Haswell, M.A., on the structure of the so called 
glandular ventricle (Driisenmagen) of Syllis (plate 25). This organ 
is in reality a well-developed muscular gizzard, and contains no 
glands in its walls. The muscular elements of the organ pre- 
sent an embryonic character containing as they do a polynucleated 
core.—Arthur B. Lee, on Carnoy’s cell researches (plate 26). 
While Carnoy’s conceptions of the cell body do not materially 
differ from received views, the author of this paper thinks that 
sufficient attention has not been given to his labours on the 
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question.—Prof. E. Ray Lankester, the Pleomorphism of the 
Schizophyta. A reminder of the simple fact that ten years ago 
Prof. Lankester called attention to the pleomorphism of the 
Schizophyta in a paper in this ¥owznad, which attracted the deep 
attention of all those botanists who had taken any interest in the 
subject. 

Jeurnal of Anatomy and Physiology, April 1886, ‘vol. xx., 
part 3, contains :—Dr. J. W. Frazer, on the action of infused 
beverages on peptic digestion. This paper is a continuation of 
one in the eighteenth volume of this Fournal, and is based on 
the results of the same experiments, the differcnee being that 
the amount of peptones <lialysed, instead of being estimated as 
the total organic matter, as was done in that paper, are here 
estinated by the amount of organic nitrogen.—W, A. Lane, 
some variations in the human skeleton; asymmetry of skull, 
spinal column, &c., bifid ribs. —Dr. R. L. MacDonnell, case of 
bicipital rib.—Dr. R. W. Shufeldt, osteology of Conurus caro- 
Zinensts (plates 10 and 11). The extermination of this parrot 
appears imminent. To this memoir there is appended a synop- 
sis of the skeletal characters of this bird which exhibit many 
pints of interest.—On a Navajo skull (plate 12), with a note by 
Sir Wm. Turner.—J. Bland Sutton, on the origin of certain cysts 
(plate 13).—Dr. J. Lockhart Gibson, the blood-forming organs 
and blood-formation : an experimental research (plate 14) (con- 
tinued). Among the chief conclusions are the following: through- 
out life, nucleated red cells, derived from white corpuscles and 
colourless marrow-cells, are the only predecessors of the non- 
nucleated red blood-corpuscles. The transformation takes place 
in the bone marrow, spleen, and lymphatic glands; the red 
bone marrow in extra-uterine life plays the more important 
part in the work, the spleen a subordinate one ; the lymphatics, 
while chiefly producing white, do also produce red corpuscles. 
Both colourless cells and nucleated red cells multiply by division 
in the blood-forming organs, and in these latter there are also 
to be found cells whose function appears to be to break down 
red blood-corpuscles.—Dr. E. E. Maddox, on the relation be- 
tween convergence and accommodation of the eyes,—Dr. R. 
Robertson, a contribution to splenic pathology (plate 15).—Dr. 
F. Tuckerman, supernumerary leg in a male frog (Rana palus- 
tris) (plate 16).—Dr. D. Noél-Paton, the nature of the relation- 
ship between urea formation and bile secretion. Both these 
phenomena would seem to depend in large measure on 
the destruction of blood-corpuscles, and through this they 
necessarily bear a direct relationship to one another.—Prof. 
D’Arcy W. Thompson, on the hind limb in Jchthvosaurus 
platyodon, and on the morphology of vertebrate limbs.—Sir 
Wm. Turner, on the lumbar curve of the spinal column in several 
races of men (see also abstract of a memoir on this subject by 
Prof. D. J. Cuningham, NATuRE, vol. xxxiii. p. 378).—Ana- 
tomical notes. 

American Fournal of Science, April.—On Lower Silurian 
fossils from a limestone of the original Taconic of Prof, Emmons, 
by James D. Dana. These fossils were recently found in the 
“sparry” or western limestone of the Taconic system, that is, 
the oldest limestone stratum of the system according to Emmons. 
They come from Canaan, New York, near the Massachusetts 
border, and several species have been determined by Prof. 
Dwight, notwithstanding the metamorphism of the rock. They 
include remains of Murchisonias, Pleurotomarias, Crinoids, 
Fenestellze, a Trilobite, and probably some Brachiopods, show- 
ing that this limestone is not pre-Cambrian or Cambrian, but 
belongs probably to the Trenton or Lower Silurian age of the 
Eastern or Stockbridge limestone. —Preliminary report of S. W. 
Ford and W. B. Dwight upon the fossils obtained in 1885 from 
metamorphic limestones of the Taconic series of Prof. Emmons 
at Canaan, New York: A. Explanatory statement with reference 
to the palzontological investigations at Canaan, by W. B. 
Dwight. The authors are strongly inclined to the opinion that 
the limestones of Canaan, which have yielded these fossils, are 
of Trenton age.—On surface transmission of electrical dis- 
charges, by H. S. Carhart. A practical bearing of the experiments 
here described and illustrated is that there is no sufficient scien- 
tific basis for making lightning conductors of large surface, and 
that large sectional area is essential to ample conductivity. —The 
minerals of Litchfield, Maine, by F. W. Clarke. The paper 
contains a careful study and analysis of the elzeolite, cancrinite, 
sodalite, hydronephelite (new species), albite, and lepidomelane 
from the numerous boulders of an elzolite rock scattered over 
the district between Litchfield and West Gardiner, in Kennebec 

County, Maine.—On the chemical behaviour ofiron in the mag- 
netic field, by Edward L. Nichols. A set of experiments withaqua- 
regia, nitric acid, hydrochloric acid, and sulphuric acid is h- =“ 
scribed in illustration of the phenomenon that, whe- 2#¢ly-divided 
iron is placed in a magnetic field of c~--serable intensity and 
exposed to the action of an aria, «ue chemical reaction differs in 
many respects from +h+« Which occurs under ordinary circum- 
stances. The experiments are preliminary to a more complete 
investigation of the novel series of effects developed by them. — 
The inculcation of scientific method by example, with an illus- 
tration drawn from the Quaternary geology of Utah, by G. 
K. Gilbert. This paper is a reprint of the Presidential Address 
read before the American Society of Naturalists at Boston, 
December 27, 1885. It discusses, not the results nor the subject- 
matter of the several sciences with which naturalists are con- 
cerned, but their methods of investigation and their methods of 
teaching generally.—Nova Andromede, by Asaph Hall. The 
history of the discovery of the new star in Andromeda by Dr. 
Hartwig, of Dorpat, last August, its observation and gradual 
fading away, forms the subject of this paper.—On some new 
forms of the Dinocerata, by W. B. Scott. What appears to be 
a missing link between the two sub-orders of Amblypoda (the 
Coryphodons of the Wahsatch Eocene and the Dinocerata of 
the Bridger) is here described under the name of Elachoceras. 
It was discovered by the Princeton Expedition of 1885 in the 
Bridger beds of Henry’s Fork, Wyoming, and represents a 
genus allied to Uintatherium, without upper incisors, and having 
six molars of the Uintatherium type and large upper canine 
tusks, but without nasal protuberances, and having only rudiments 
of the maxillary and parietal protuberances. The supra-occipital 
is pierced by two large venous foramina placed one on each 
side of the median line. In the same locality, but at a some- 
what higher level, was found a large Uintatherium skull, 
undoubtedly representing a new species (U7. alticeps) of that 
genus. 

The American Naturalist for April 1886 contains :—On the 
ancestry of Nasua, by Saml. Lockwood.—On the mechanism of 
soaring (illustrated), by J. Lancaster.—The Stone Age in 
Vermont (illustrated), by Geo. H. Perkins.—On Grosse’s 
classification and structure of the Mallophaga (illustrated), by 
Geo. Macloskie.—On traces of a cyclone which passed over 
Western Indiana more than 300 years ago, by Jno. T. Camp- 
bell.—On the mounting of fossils (illustrated), by F. C. Hill. 

SOCIETIES AND ACADEMIES 
LONDON 

Royal Society, April 1.—‘‘On a New Form of Stereo- 
scope.” By A. Stroh. 
Two optical lanterns are placed side by side, as for dissolving 

views. ‘Two transparencies, photographed in the same manner 
as if intended for an ordinary stereoscope, are placed one in each 
lantern, and projected on a screen in such a position that they 
overlap each other as nearly as possible. The picture which is 
intended to be seen by the right eye may be placed in the right- 
hand lantern, and the other in the left. 

Supported by suitable framework, and in front of the two 
lenses of the lanterns, is a revolving disk, portions of which are 
cut away, so that during its revolutions it obscures the light of 
each lantern alternately, or, in other words, so that only one 
picture at a time is thrown on the screen. A continuous change 
from one picture to the other is thus obtained. 

In the same framework, and in conyenient positions for the 
observers, two pairs of eye-holes are provided, one pair on either 
side of the apparatus. Behind each pair is also a rotating disk, 
and these disks are connected by suitable wheel-work or driving- 
bands with the one previously mentioned, in such a way that the 
three disks rotate together, and at the same rate. The two last- 
named disks are also so cut that they will obstruct the view through 
the right and left eye-holes alternately. 

Finally, the connection between the three disks has to be so 
arranged that the time of obscuring the view through the right 
eye-holes, or the left eye-holes, shall coincide with the time when 
the light is shut off from the right or left lens of the lanterns 
respectively. 

It is obvious that by this arrangement an observer can only see 
the picture projected from the left lantern with the left eye, and 
the one from the right-hand lantern with the right eye. 

The rotation of the disks must be of such a rate that the alter- 
nate flashes of the right and left pictures on the corresponding 



f 

May 20, 1886] 

syes follow in such rapid succession that the impression made by 
me flash does not diminish sensibly before the next flash on the 
ame eye is received. The number of flashes for each eye which 
required to produce an apparently continuous view, without any 

lickering effect, is from thirty to forty per second. As the disks 
we SO cut as to produce two flashes for the right eyes and two for 
he left in one revolution, they must consequently be kept rotating 
it a rate of from fifteen to twenty revolutions per second. 
‘The rotation of the disks is effected by a driving-wheel and 

yand worked by a crank handle at the back of the apparatus. 
_ The perspective effect obtained by the above arrangement is 
ery perfect, the image of each object standing out in solid 
elief. 
‘Considering that by this arrangement the two eyes never 

ee at the same time, and that each eye views its picture 
fter the other, it is interesting to find that the persistence of 
ision so completely bridges over the alternate interruptions to 
which it is subjected as to produce the effect of a continuous 
‘jew. 
‘The advantages claimed for this form of stereoscope are: that 
he pictures can be enlarged to such an extent as to appear equal 

or even larger than the original objects from which they were 
aken ; and that the eyes in looking at the pictures are not in any 
yay subjected to strain by lenses, prisms, or reflectors, or by the 
lifficulty which some persons experience in getting the two pictures 
9 superpose. For each eye views its corresponding picture in 
xactly the same position it would see it in if it were looking at 
he original, since the two pictures are practically in the same 
lace, which is not the case in any other form of stereoscope. 
Although with the apparatus as here described only two persons 

an see the pictures at the same time, it would not be very difficult 
onsract it so as to be available for a greater number. The 
ide disks above described only serve to control one pair of eye- 
oles each, but by making them larger they would serve for two 
airs each, thus accommodating four observers. By increasing 
he number of disks, the number of observers might be increased 
roportionately. 

May 6.—‘‘The Influence of Stress and Strain on the Physi- 
al Properties of Matter. Part I. Elasticity (continued). The 
tffect of Change of Temperature on the Internal Friction and 
Torsional Elasticity of Metals.” By Herbert Tomlinson, B.A. 
‘ommunicated by Prof. W. Grylls Adams, M.A., F.R.S. 
' The author has recently had the honour of presenting to the 
society a memoir relating to the internal friction of metals when 
ibrating torsionally at temperatures ranging from o° C. to 
5 C. He now brings forward results’ which have been ob- 
peed in experiments on the effect of change of temperature on 
ae torsional elasticity and internal friction of metals. The 
\pparatus used and the mode of experimenting are fully described 
ithe paper, so that it will be sufficient, perhaps, to state here 
nat the vibration-period and the logarithmic decrement were 
ery carefully determined at four different temperatures between 
*C. and too C., and that the formule were worked out 
ee method of least squares. These formule were given in 
wbles. 
‘From a consideration of the tables it may be gathered that :— 
(d) The torsional elasticity of all metals is temporarily de- 

reased by rise of temperature between the limits of 0° C. and 
50° C., the amount of decrease per degree rise of temperature 
icreasing with the temperature. To this may be added that 
ie percentage decrease of torsional elasticity produced by a 

en rise of temperature is for most metals about twenty times 
te corresponding percentage increase of length. 

) If we start with a sufficiently low temperature the internal 
ion of all annealed metals is first temporarily decreased by 
of temperature and afterwards increased. The temperature 
minimum internal friction is for most annealed metals 
ween o° C, and 100° C. ; for most hard drawn wire, how- 
e the temperature of minimum internal friction is below 

(f) The temporary change, whether of the nature of increase 
‘decrease, wrought by alteration of temperature in the internal 

| tection of metals, is in most cases enormously greater than the 
responding change in the torsional elasticity. 

‘Linnean Society, May 6.—Sir John Lubbock, Bart., 
resident, in the chair.—Prof. H. Marshall Ward was elected a 
low of the Society.—Mr. D. Morris exhibited a number of 
‘ng beetles (Pyrophorus noctilucus) from the island of 
ominica. These had been fed on sugar-cane during the voyage 
i 
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to England. On the meeting-room being darkened, the phos- 
phorescent show of light emitted by the insects was very 
brilliant. —Dr. Chas. Cogswell drew attention to framed water- 
colour drawings of Lettsomia ageregata and Fothergilla gardeni, 
botanical mementos of the two distinguished physicians Lettsom 
and Fothergill.—Sir J. Lubbock’s paper on forms of seedlings 
was, by request, adjourned, so as to give opportunity for discussion 
of Mr. Romanes’s communication.—Mr. G. J. Romanes then 
read his paper on physiological selection : an additional sugges- 
tion on the origin of species. A full account of this paper will 
appear in a future number.—Thereafter the two following 
papers were read in abstract :—Descriptions of new species of 
Galerucidz, by Joseph S. Baly.—On some new species of the 
genus Metzgeria, by Wm. Mitten. 

Geological Society, April 21.—Prof. J. W. Judd, F.R.S., 
President, in the chair.—Henry Fisher, Frederick Edwin Har- 
man, Henry Johnson, Edward Alloway Pankhurst, and Henry 
Woolcock were elected Fellows of the Society.—The following 
communications were read :—On a certain fossiliferous pebble- 
band in the ‘‘ Olive group” of the eastern Salt Range, Punjab, 
by A. B. Wynne, F.G.S. The principal object of this paper 
was to oppose the views recently published by Dr. Waagen as 
to the age of certain Boulder-beds in the Salt Range of the 
Punjab. By that author these beds had been considered con- 
temporaneous with each other, and assigned to the epoch of the 
Coal-measures, in consequence of the discovery by Dr H. 
Warth of Carboniferous fossils, especially Australian forms of 
Conularia, in nodules restricted to a particular layer in the upper 
part of a Boulder-bed in the eastern Salt Range. Mr. Wynne 
adduced evidence to show that the fossils in question occur, not 
in concretions, as supposed by Dr. Waagen, but in pebbles 
evidently derived from an older series ; and consequently there 
was no proof that the Boulder-bed in question was older than 
the Cretaceous Olive-beds with which it had hitherto been as: o- 
ciated. The principal Boulder-beds in the Salt Range were 
then briefly noticed ; those beneath the Carboniferous Limestone 
west of the Indus, those near Amb and Sakesir peak, associated 
with the “purple sandstone,” ‘* Obolus-beds,” and ‘‘ speckled 
sandstone,” and those in the eastern portion of the Salt Range, 
amongst the beds of the ‘‘ Salt pseudomorph zone” and ‘‘ Olive 
group” being successively passed in review, and their relations 
to overlying and underlying strata explained. It was shown that 
Boulder-beds and conglomerates containing pebbles and boul- 
ders of the same crystalline rocks are not confined to one horizon. 
In conclusion, the resemblance of the rock, of which the pebbles 
containing Conulariz, &c., were formed, to that forming some 
of the ‘‘ magnesian sandstone ” and ‘* Obolus-beds ” was pointed 
out, and it was suggested that the pebbles in question may have 
been derived from representatives of those beds formerly exist- 
ing to the southward.—On the phosphatic beds in the neigh- 
bourhood of Mons, by M. F. L. Cornet, For.Corr.G.S. These 
beds are situate in the province of Hainaut, near the town of 
Mons (Belgium); the workings have increased of late years, 
and in 1884 yielded 85,000 tons of phosphate. They occur in 
the Upper Cretaceous, which is exceptionally well developed in 
the district, filling a troughin the Carboniferous rocks, and itself 
denuded for the reception of Tertiary and Quaternary beds. 
Omitting all Cretaceous groups below the middle of the fifth 
stage, the following is the sequence of the Cretaceous beds 
which contain the phosphatic series :—C. Tufaceous chalk of 
Ciply, with the Poudingue de la Malogne at its base. D. Brown 
phosphatic chalk of Ciply. E. Coarse chalk of Spiennes. F. 
White chalk of Nouvelles. F is a pure white chalk with some 
flints, and contains Belemnitella mucronata, Rhynchonella 
octoplicata, Terebratula carnea, Ananchyt:s ovatus, &c.,—an 
horizon well known throughout North-Western Europe. Series 
E and D represent one geological horizon characterised by 
Ostrzeze, Brachiopoda, &c., in great numbers, but also contain- 
ing Belemnitella mucronata, and lying between two distinct 
planes of erosion. The brown phosphatic chalk (D), which 
forms the upper division of the series, is about 70 feet thick, 
and may be described as consisting of three parts ; the upper is 
tolerably pure carbonate of lime, but in its lower portion be- 
comes charged with brown granules mainly consisting of phos- 
phate of lime ; these continue to increase towards the central 
or main phosphatic mass, which is also highly fossiliferous in 
places. This central portion constitutes the main phosphatic 
beds, but the amount of phosphoric acid (dry) is not more than 
12 per cent, Hence, it is necessary to increase the richness in 
phosphate of the deposit in order that it may be available for 
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conversion into a superphosphate. This may be done by 
mechanical means. But nature has already partially anticipated 
this process, and the result has been a deposit known as “rich 
phosphate,” containing about 25 per cent. of phosphoric acid. 
This occurs in wide cracks and holes in the ordinary phosphatic 
chalk. It usually occurs as a fine sand-like powder, and is 
evidently the result of the action of carbonated waters upon the 
phosphatic chalk, whereby the amount of carbonate of lime is 
reduced. This is especially the case where the phosphatic chalk 
is not protected by the tufaceous chalk of Ciply, but is only 
covered by Tertiary or Quaternary beds. The author calculates 
that each square foot of the phosphatic basin, which he esti- 
mates approximately at 5 miles by 3, contains 355 lbs. of tribasic 
phosphate of lime. Finally, he intimates how the phosphatisa- 
tion of the chalk may have been brought about. 

Physical Society, May 8.—Prof. H. McLeod, F.R.S., Vice- 
President, in the chair.—Mr. W. A. Price was elected a member 
of the Society.—The following communications were read :— 
On a modified form of Wheatstone’s rheostat, by Mr. Shelford 
Bidwell. A wire is coiled upon a non-conducting cylinder as in 
the ordinary forms of rheostat, one end of the wire being in 
contact with the brass axle of the cylinder. A screw is cut upon 
the axle, the pitch being equal to the distance between the con- 
secutive turns of the wire, and this, working in a fixed nut, 
causes the whole cylinder to travel in the direction of its axis. 
A fixed spring bears upon the wire at a convenient point, and 
by the travelling motion of the cylinder this point of contact 
remains fixed in space, and the effect of turning the cylinder is 
to introduce more or less resistance between the spring and the 
brass axle. Binding screws on the base of the instrument are in 
contact with the nut and the bearing spring. Though this 
arrangement has several obvious advantages over the usual forms, 
Mr. Bidwell does not recommend it in cases where it is required 
to introduce a known resistance, but where it is important to 
adjust a resistance to a nicety, or to cause a continuous variation, 
it is of great use.—Prof. Perry, remarking upon the importance 
of being able to vary a resistance gradually, described an instru- 
ment he had used with advantage. A number of plates of gas- 
carbon are placed between two parallel copper plates, one of 
which is fixed and the other adjustable by a screw ; by applying 
pressure by means of the screw the resistance between the plates 
can be varied uniformly and regularly from 2 to 10 ohms, beyond 
which point the increase is very rapid.—On a theorem relating 
to curved diffraction-gratings, by Mr. Walter Baily. In a paper 
read before the Society in January 1883 the author showed that 
if a plane be taken perpendicular to the lines of a curved diffrac- 
tion-grating, and a normal to the grating be taken as the initial 
line, the equation— 

(in which ¢ is the radius of curvature of the grating, and @ is an 
arbitrary constant), gives a curve having the property that if a 
point of light be placed anywhere upon it the curve is the locus 
of the foci of all diffracted rays whether reflected or transmitted. 
In the present investigation d is supposed to be greater than c, 
which allows of the source of light being at infinity. The 
points where the curve given by the above equation cuts the 
normal are called the normal foci. There are two of these, one 
relating to the reflected and the other to the transmitted light, 
the grating being supposed to consist of a number of opaque 
lines in space. It is then shown that if the grating be supposed 
to turn about the line in it intersecting the initial line, the nor- 
mal foci will trace out two parabolas whose common focus is the 
origin, and common latus rectum is equal to the diameter of 
curvature of the grating, the parabola for reflected light being 
convex to the source of light, and that for transmitted light 
concaye.—On some thermodynamical relations, part iv., by Prof. 
W. Ramsay and Dr. Sydney Young. The first part of this 
communication deals with Profs. Ayrton and Perry’s criticisms 
upon the previous papers by the authors upon this subject. In 
the second part a brief review is given of the various attempts 
that have been made to represent the pressure of a saturated 
vapour as a function of the temperature. 

Anthropological Institute, May 11.—Mr. Francis Galton, 
F.R.S., President, in the chair.—-Mr. Galton read some notes 
on permanent colour-types in mosaic, in which he advocated the 
adoption of certain specimens of mosaic material as permanent 
specimens of standard colours for the description of tints of 

skin. The original paintings by Broca, as well as the litho- 
graphs from them, have already changed colour, and some more 
permanent standard is greatly needed. There can be no ques- 
tion as to the persistence of the colours of mosaic: some speci- 
mens in St. Peter’s at Rome, that are more than a century old, 
have the appearance of being brand-new. The material is 
inexpensive, and as the variety of tints in the Vatican manufac- 
tory is very large, the flesh-tints appropriate to European nations — 
alone being about 500 in number, there would be no difficulty | 
in selecting such a series as anthropologists desire. —Prof. Flower | 
exhibited a Nicobarese skull, sent over by Mr. E. H. Man, 
together with some photographs of the natives.—Prof. Thane | 
read a paper by Prof. A. Macalister on some African skulls | 
and on a New Ireland skull in the Anatomical Museum of the 
University of Cambridge.—Dr. Garson reported that the corre- 
spondence as to an international agreement on the cephalic | 
index had been brought to a satisfactory conclusion, and that the - 
scheme advocated by him in his paper read before the Institute 
in February last had been accepted by sixty of the leading 
anthropologists on the Continent.—Dr. Garson read a paper on 
the skeleton and cephalic index of Japanese. qi 

Entomological Society, May 5.—Prof. J. O. Westwood, 
M.A., in the chair.—The following were elected Fellows :—The | 
Rey. E. N. Bloomfield, M.A., Mr. F. Fitch, Mr. A. J. Rose, 
and Mr. W. E. -Nicholson.—Mr. J. Jenner-Weir exhibited a 
large spiny Lepidopterous larva from Western Africa.—Mr. 
Stevens exhibited 4/fzon sorbi and other Coleoptera recently ob- 
tained in the Isle of Wight.—Mr. Crowley exhibited four speci- 
mens of Zefo venus, a large moth belonging to the family 
Hepialide, from Natal.—Mr. Howard Vaughan exhibited a long | 
series of Cidaria immanata from Kent, Surrey, Perthshire, Isle’ 
of Man, Isle of Arran, the Orkneys and Shetlands. He also 
exhibited C. vzssata from various localities in the south of Eng- 
land, and from Perthshire, Argyllshire, and the Islands of Arran, 
Lewis, and Hoy. Mr. Vaughan further exhibited varieties of C. 
suffumata from Dover and Darlington. Prof. Westwood com- 
mented on the interesting nature of the exhibition of C. zmanata, 
and stated that he had never before seen such a wonderful col 
lection of varieties of 2 single species.—The Rev. W. W. 
Fowler exhibited Staphylinus latebrico’a and Quedius truncicola, 
both from the New Forest.—The Secretary exhibited, for M. H, 
de la Cuisine, of Dijon, coloured drawings, life-size, of a variety | 
of Urania crasus and a variety of Papilio memnon.—Mr. G. 
Elisha exhibited specimens of Avtispila pfeifferella, together 
with the cases, and the leaves mined by the larvae.—Mr. J. W. 
Slater read a paper ‘‘ On the Origin of Colours in Insects,” in 
which he showed that the assertions of Mr. Grant Allen, that all 
brightly-coloured insects were flower-haunting species were in- 
correct, and that many brilliantly-coloured insects were carni- 
vorous. Mr. McLachlan said that the physiological question in. 
connection with colour had not been paid attention to ; he! 
thought that colour in insects was, to a great extent, ere Y 
upon the circulation of fluids in their wings. The discussion 
was continued by Prof. Westwood, Mr. H. Goss, the Rev. Ww. 
W. Fowler, Mr. Jacoby, and Mr. Weir. 1 

Victoria (Philosophical) Institute, May 3.—A paper by 
M. Maspero, describing his discovery of many Syrian geo- 
graphical names in the lists of Thothmes III., was read. It was| 
illustrated by a map, specially prepared by the author, as an aid, 
to the inquirer in following his description of the Egyptian 
account of the events connected with each name. M. Maspero 
concluded his statements in the following words :—‘‘ Such are 
the observations which a long study of the lists has suggested to 
me. Ihave elsewhere given the justification of my transcrip- 
tions. I have endeavoured to bring to my identificaticns the 
same prudence that I have exercised in my transcriptions. The 
The names enumerated arrange themselves almost wholly in the’ 
districts that surround Megiddo ; Qodshu, Damascus, and two) 
or three other towns at most belong to countries compara- 
tively remote. This result, to which the independent study o 
the lists has led me, arises clearly from the history of the cam- 
paign as the inscription at Karnak makes it known to us. In the 
year 23 (of his reign) Thothmes III.-set out from Gaza, cleared] 
Carmel, beat the confederates, including the prince of Qodshu, 
under the walls of Megiddo, besieged and took the town, ther 
returned to Egypt without pushing farther on towards the north. 
The fall of Megiddo was decisive, for, as Thothmes ITI. ha 
himself observed, ‘every chief of the whole country [was shu 
up] in it, so that the capture of Megiddo was as good as the 

| 
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taking of a thousand towns.’ 
reinstalled the chiefs in their dignity’ on condition that they 
should pay tribute. The stress of the campaign fell thus on the 
plain of Esdraélon: the Egyptian troops had long remained 
there, and had pillaged all the district round, not without pushing 
on to some distant points. On his return, when Thothmes III. 
built the pylon of Karnak with the booty of this campaign, he 
inscribed on the wall the names of the towns that he had sacked 
and which had unwillingly contributed to the completion of the 
edifice. The wall was large, and must be entirely covered. 
They took indiscriminately all the names of Galilee and Southern 
Syria that they knew, without troubling about the i oportance of 
the town itself : one name did as well as another for that matter.” 
Sir C. Wilson, K.C.M.G.,°Mr. Boscawen, and others took 
part in the discussion. 

EDINBURGH 

Royal Society, April 19.—Sir W. Thomson, Hon. Vice- 
President, in the chair. —Sir W. Thomson exhibited and described 
a new form of portable spring balance for the measurement of 
terrestrial gravity. In this instrument a metallic spring is used. 
The curvature of the spring when unweighted is such that, when 
one end is firmly clamped and a suitable weight attached to the 
other end, the spring becomes straight. When so arranged, the 
equilibrium of tke spring and weight can be made as nearly un- 
stable as is wished by simply tilting the instrument. Hence the 
apparatus can be made as delicate as necessary.—Mr. A. P. 
‘Laurie read a paper on the measurements of the E.M.F. of a 
constant voltaic cell with moving plates. Mr. Laurie de- 
termined the E.M.F. of a cadmium-iodine cell by drawing a 
large current fron it, while the plates were kept moving. ‘The 
va'ue so got agreed with that given on open circuit as determined 
by the electrometer, thus showing that the fall of the current 
when the plates were not moving was due to alteration of the 
‘composition of the layers of liquid next the plate-—Mr. W. E. 
‘Hoyle read a note on the formation of Hectocotylus in Rossia.— 
Prof. Tait submitted a paper on some definite integrals.—Messrs. 
H. Rainy and R. D. Clarkson described the alterations in the 

electric conducting power of alloys at their melting-point.—The 
Rey. T. P. Kirkman submitted a communication on the reading 
of the circle, or circles, of a knot. 
May 3.—Robert Gray, Vice-President, in the chair.—Dr. 

-R. W. Felkin read notes on the Waganda, a Central African 
tribe.—]. Murray discussed the drainage-areas of continents, 
and their relation to oceanic deposits.— Dr. A. B. Griffiths read a 
‘paper on the vitality of the spores of parasitic fungi, and the 
“antiseptic properties of ferrous sulphate.—Dr. R. Stockman dis- 
cussed the action of benzoyl-ecgonin. 

Paris 

» Academy of Sciences, May 10.—M. Jurien de la Graviere, 
President, in the chair.—On the formation of oxalic acid in 
plants (continued) : Amaranthus caudatus, Chenopodium Quinoa, 
Mesembryanthemum crystallinum, by MM. Berthelot and André. 
Tables are given of the varying quantity of oxalic acid in the 
roots, stems, leaves, and flowers of these plants at different 
seasons of the year. ‘The results throw great light on the essen- 
tially different physiological conditions of life and organisation 
in these various types of vegetation.—Observations of the comet 
1886 4 (Brooks II.), and of the new planet 258 (Luther), made 
at the Paris Observatory (equatorial of the West Tower), by 
M. G. Bigourdan. The new planet 258 was discovered by Dr. 
R. Luther at Diisseldorf on May 4 at 10 o’clock mean Diisseldorf 

| time, when it occupied the position: 14h. 20m. R.A. ; 9° 31’ 
Decl. When observed in Paris on May 7 it had the appearance 
‘of a planet of the twelfth magnitude. —Observations of the 
‘Brooks comets (1886) made at the Lyons Observatory, 6-inch 

runner equatorial, by M. Gonnessiat. Brooks I. appears like 
‘a diffused nebulosity with dia neter of about 2’, and but slight 
central condensation. On May 4 the head of No. II. was 
bright, narrow, and elongated in the angle of position 258°; 
tail visible fora space of about 12’, faint, and at its extremity 
“spreading out towards the south.—Transformation of the horary 
angles and declinations to azimuths and heights, by M. Vinot. 
'To supplement Warnstorff’s tables, giving this transformation 
for the latitude of the Altona Observatory, the author has pre- 
pared others calculated for the latitude of Paris. They are 
presented to the Academy in the hope thal, if preserved, 
they may enable other observers to dispense with long and 
tedious calcula‘ions.—On the employment of crusher mano- 

When the war was finished he | meters for the measurement of the pressures developed by 
explosive substances, by MM. Sarrau and Vieille. Two cases 
are recorded, in which the maximum pressure is accurately deter- 
mined by the measured value of the crushing force.—Remarks 
on M. Ledieu’s communication regarding marine engines, by 
M. Aug. Taurines. Attention is drawn to some errors in this 
communication presented on March 23, 1885, where M. Ledieu 
describes the dynamometric experiments made on board the 
corvette Ze Primazguet, which he mistook for a simple aviso. 
—WNote on certain sounds produced in vibrating metal plates by 
the discharges of static electricity, by M. E. Semmola. The 
conditions are described under which these sounds occur, but no 
theory is offered in explanation of the phenomenon.—Secondary 
electrolysis, by M. E. Semmola.—The island of Ferdinandea. 
the blue sun, and red after-gl»ws of 1831, by M. A. Ricco, 
With a view to the elucidation of the crepuscular lights of 1883- 
84, the author gives a detailed account of the analogous pheno- 
mena which accompanied the appearance of the island of 
Ferdinandea in the Sicilian waters in the year 1831. It is 
pointed out that the atmospheric effects attending the eruption of 
Ferdinandea closely resembled those following that of Krakatao. 
But the ashes took no part in the production of the blue sun and 
red after-glows of 1831 ; consequently, the ashes of Krakatdo 
would also seem to have had nothing to do with the similar 
light effects of 1883-84.—Note on the extraordinary halos seen 
at the Observatory of Parc Saint-Maur on March 29, 1884, and, 
with still more interesting light effects, on May 3, 1886, by M. E. 
Renou.—On products of decomposition of hypophosphoric acid : 
secondary hydrate, by M. A. Joly.—On the definite compounds of 
hydrochloric acid with the chloride of zinc, by M. R. Engel. 
The experiments here described have confirmed the theoretical 
view already advanced by the author, regarding the probable 
existence of one or more hydrochlorates of the chloride of zinc 
stable at the ordinary temperature.—On the combinations of 
quinone with the benzenic phenols, by MM. Ph. de Clermend 
and P. Chautard.—Action of the perchloride of phosphorus on 
the hydrocarburets, by MM. Alb. Colson and H. Gautier. It 
is shown that by means of the perchloride of phosphorus it is 
possible to substitute chlorine for hydrogen in the aromatic 
carburets. It thus becomes possible to prepare the symmetrical 
chloruretted compounds in the fatty and aromatic series to the 
exclusion of the isomerous substances, which always accompany 
them in all other methods of preparation.—On the rancid 
element in butter, by M. E. Duclaux.—Note on sozolic acid 
(orthoxyphenylsulphurous acid), by M. Serrant. This acid, 
whose formula is Cs H,OHj) SO2OH(,), is described as even a 
more powerful antiseptic than salicylic and phenic acid. Being 
perfectly soluble, it may be taken inwardly without any incon- 
venience, and is rapidly and completely eliminated from the 
system.—On the position in the crab of the parasite Sacculina 
carcini, by M. A. Giard. 

BERLIN 

Physiological Society, April 9.—Dr. Goldscheider spoke 
on the effect of menthol on the nerves of temperature. It was 
known that menthol (which for headaches has been extensively 
applied) generated a keen feeling of cold on being spread 
over the forehead. It was assumed that this feeling of cold 
resulted from the cooling of the skin consequent on evaporation. 
On the other hand, it was explained that the feeling of cold in 
the mouth produced by mouth washes containing mentha was 
due to an astringent effect of the mentha. The speaker had 
come to the conclusion that the two explanations referred to in 
the respective cases were neither of them correct. He made his 
experiments with a solution of menthol in lanoline, which was 
rubbed into circumscribed places of the skin. Measured 
with the thermometer, the places of the skin in question 
showed after the rubbing an increase of temperature of 
about 20° C., and yet for all that there was a quite decided 
feeling of cold. This feeling of cold was also observed when 
the place where the solution was rubbed in was protected 
against evaporation by a watch-glass. The feeling in question 
could proceed therefore only from a direct stimulation of the 
nerves of cold sensation. If of two places on the forehead 
exactly corresponding to one another, the one were rubbed with 
menthol salve and the other not, then bodies which before had 
produced no impression, ‘as being indifferent, would now be 
felt as cold by the part of the skin where the rubbing was made, 
whereas there would be no perceptible impression at the other 
part. From these and several other experiments the speaker 



concluded that the menthol exercised a specific influence on the 
nerves of cold, which were distributed with especial copiousness 
on the forehead. Menthol produced an effect on the nerves of 
warmth and the nerves of feeling of less amount than on the 
nerves of cold. A sensation of warmth after the rubbing in of 
menthol was obtained only at spots which were very rich in 
nerves of warmth. This was most easily obtained on the volar 
side of the lower part of the arm in the neighbourhood of the 
elbow joint. As analogous to his menthol experiments, the 
speaker called to mind how Prof. Herzen had quite recently 
communicated the observation that moderate pressure on the 
nerve-trunk produced a different effect on the cold feeling nerve- 
ends than on the warm feeling nerve-ends.—Prof. Albrecht, 
from Brussels, developed his views on the morphological signi- 
ficance of the auditory ossicles of the middle ear, of the external 
ear, and of the Eustachian tube. Respecting the auditory ossicles 
there had hitherto prevailed two views. There was, first, 
the German view, represented by Prof. Gegenbaur, according 
to which the joint between malleus and incus corresponded to 
the quadrato-mandibular joint of the lower vertebrates, incus 
answering to the os lenticulare, stapes to the os quadratum, and 
malleus to the os articulare. The second view was the English 
one, set up by Prof. Huxley, according to which all four 
auditory ossicles of the mammalia were homologous with the os 
quadratum. The speaker considered both views to be in- 
correct. As to the latter, the four auditory ossicles of the 
mammalia, seeing they lay between the fenestra tympanica and 
the fenestra ovalis, must in his opinion be the homologue of the 
columella of the reptiles, amphibia, and birds, which likewise 
extended from the fenestra tympanica to the fenestra ovalis. 
The columella itself was the homologue of the symplectico- 
hyomandibulare of the fishes. The auditory ossicles had no- 
thing whatever to do with the quadrato-mandibular joint. The 
os quadratum of the lower vertebrates must, on the contrary, be 
sought for at an entirely different place, in the lower part, namely, 
of the pars squamosa of the temporal bone. At this place Prof. 
Albrecht had in point of fact observed in different cases fissures by 
which the superior part was separated from the zygomatic part, the 
proper os quadratum. The middle ear was, in the opinion of the 
speaker, divided by the columella into two sections, of which the 
anterior, the precolumellare, was, through the Eustachian tube, 
brought into connection with the larynx, and, through the 
anterior part of the tympanum, with the external organ of 
hearing. This whole section of the ear was, according to the 
view of Prof. Albrecht, the remains of a special pharyngeal gill- 
segmentation.—Prof. Flesch, as guest, communicated some 
results of his investigations into the peripherical nervous cells. 
The question of the histological diversity of the nerve-cells, 
which, by the labours of Stieda, had been solved in a negative 
sense, had again been taken up by Prof. Flesch. In order toa 
settlement of the question, he had applied himself to the peri- 
pherical nerve-cells and to different methods of staining. It was 
the colouring method with Weigert’s hamatoxylene and treatment 
with osmic acid which especially yielded beautiful results. The 
osmic acid had been used on quite fresh preparations, at most 
five to ten minutes after the death of the animal. The fact at 
once established itself that the nerve-cells, under precisely the 
treatment and under perfectly the same conditions of experi- 
ment, showed variations which were not artificial products. It 
was, first, possible to distinguish between stained and colourless 
cells. The former were mostly small, the latter large. The 
relation of the large pale cells to the small dark cells was a per- 
fectly constant one, and that even in the case of different ani- 
mals. In the peripherical ganglia the pale cells constantly 
amounted to 20 per cent., the dark to So per cent. In the 
spinal marrow, on the other hand, the number of the pale cells 
invariably amounted to about 40 per cent. On further investi- 
gation it came out that little colourless cells also occurred in 
small number. The occurrence of these differences among the 
nerve-cells under use of the most varied staining means and in 
various animals, especially, however, the determinate numerical 
relation of the various groups of nerve-cells in the peripherical 
ganglia and in the spinal marrow, were deemed by the speaker 
to be proofs that there was here a question of physiological 
variations. This difference might be of manifold significance. 
In the first place there might here be a question of various stages 
of development on the part of the nerve-cells—young, adult, and 
senile forms. In the second place the various forms might be 
the expression of a different nature on the part of the nerve-cells : 
one set being, possibly, motory, another sensory, andsoon, In 
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the third place and lastly, these various forms might, in a 
manner similar to what had been observed in the glandular 
cells, be the expression of diiferent states of activity or of rest 
on the part of the nerve-cells. By way of arriving at a decision 
among these different possibilities, Prof. Flesch had had a series 
of experimental investigations undertaken which had not yet 
come to a conclusion. The probability, however, was that the 
experiments in question pointed to functional variations on the 
part of the nerve-cells which were the subject of investigation. 
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THURSDAY, MAY 27, 1886 

A HAND-BOOK TO THE HISTORY OF 
PHILOSOPHY 

A Handa-Book to the History of Philosophy. For the Use 
of Students. By Ernest Belfort Bax. Bohn’s Philo- 
sophical Library. Pp. 405. (London: George Bell 

and Sons, 1886.) 

HE task to which Mr. Bax has set himself in writing 

a short and at the same time intelligible account of 

the history of philosophy is anything but an easy one. 
The historian of philosophy finds himself in presence of 
an enormous amount of material, which has accumulated 

as system has followed system in what at first sight seems 
a bewildering succession. It will naturally occur to the 
reader to ask whether after all the history of superseded 
systems of philosophy is of much more than antiquarian 
interest, or whether at best its study can be expected to 

repay the necessary trouble. 
There is a pretty widespread idea that philosophy, or 

‘“‘metaphysics,” has led to nothing but disappointing 

failures in the past, and cannot from its very nature lead 

to any result of real value. This idea would appear to 

depend on a radical misconception as to the nature and 
scope of philosophical inquiry. Those in search of first 
principles in any department of science cannot fail to 

come across questions which they find cannot be solved 

by the methods which may be applied to the ordinary 
questions occurring within their science. Such questions 
occur naturally and necessarily in mathematics, physics, 

biology, art, &c., and in virtue of their similarity may be 
all classified as philosophical questions. As a familiar 
example we may take the question, which must neces- 

sarily come prominently before the physiologist, as to 
whether consciousness is a function of the body. It is 

pretty generally acknowledged that this question cannot 

be solved by experimental methods. The question is a 

philosophical one, and can only be attacked by the 
method of philosophy. 

Let us see what this method is, and how it is to be 

applied to the case in question. Mr. Bax defines philo- 

sophy as the result of the endeavour to reconstruct the 
world according to its possibility. Applying the method 

here indicated we have to ask whether it is possible to 
conceive the world of our experience on the supposition 
that consciousness is a function of the body. This was 

substantially the question which Locke set himself to 
answer; and it was finally answered by Hume, who 
showed that the supposition in question led necessarily to 

its own annihilation. It remained for Kant and his suc- 
cessors to point the way to the only hypothesis con- 

sistent with the facts. 
Such being the scope and method of philosophy, we 

may readily understand that its history is no mere record 

of an arbitrary series of speculations successively dis- 
placing one another, but never leading to any permanent 
result. Modern philosophy has centred round the dis- 
cussion of the relation of matter and thought; and its 
successive systems form so many landmarks in the pro- 

gress towards a solution of the fundamental questions 
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| be in place here. 

involved in this discussion. Each system is doubtless 
more or less burdened with superfluities and errors of 

detail ; and many philosophical works have been written 

by men famous in their day, but who failed to realise the 
true position of philosophical thought in their tnne, and 
thus cannot be assigned a permanent place in the history 

of philosophy. 
Progress in philosophy is nevertheless just as well 

marked as in any department of science ; and it is the 

special merit of Mr. Bax’s hand-book that this progress 

is everywhere clearly brought into prominence. 
There is one important respect in which the history 

of philosophy differs from that of any of the sciences, 
and which gives it a far greater relative importance. The 
detailed results of a science have a value of their own 
more or less independently of theoretical considerations 

or of other facts of the science in question. Thus the 
experimental results of chemistry have each a value inde- 
pendently of the truth of the vast majority of the other 
experimental results of the science, and even of the 
atomic theory itself. In philosophy, on the other hand, 
the conclusions arrived at are closely interdependent, and 

have no value apart from the general conception to which 
they belong, and the process by which that conception 
has been arrived at. It is as if the conclusions of chem- 
istry were entirely valueless apart from the atomic theory 
and its correct application in detail. If this were so, it is 
evident that the history of the atomic theory and its 

application would be the first essential for the student of 

chemistry, instead of being what, as a matter of fact, 

many students of chemistry have only a very hazy notion 
of. Philosophical conclusions may be said to include the 

process by which they have been arrived at, so that a 
knowledge of the history of philosophy is in reality the 

basis of all study of philosophy. For this reason it will 

probably only lead to perplexity and disappointment to 
attempt the study of any philosopher without knowing 
the point at which he took up the work of his prede- 

cessors. Just as the individual organism shadows forth 
in its own development the forms assumed in the 

evolution of the stock to which it belongs, so the 

student of philosophy must repeat in his own mind 
the essential points in the historical development of 

philosophy. 
A detailed criticism of Mr. Bax’s work would scarcely 

The book is on the whole an excellent 

piece of work. It is less of a summary, and much more 

readable, than the similar work of Schwegler, and 
for this reason will probably be preferred by English 

students. Due weight is as a rule given to the 
elements in any philosophical system which were of 
permanent value in influencing subsequent thought, 
while systems which were in reality anachronisms, how- 

ever much stir they may have made, are passed over 

rapidly. 
There are few positive blots in the book. One of these, 

cropping up in one form or other at various places, con- 
sists in the writer’s persistent identification of the “anti- 
worldliness” of Christianity with “ other-worldliness.” 

As regards this and other kindred subjects the candour of 
Mr. Bax’s expressions of opinion will, however, thoroughly 

commend themselves to the reader. 
J. S. HALDANE 



74 WA TURE [May 27, 1886 

ELECTRICITY TREATED EXPERIMENTALLY 

Electricity Treated Experimentally. By Lineus Cum- 

ming, M.A. (London: Rivingtons, 1886.) 

HOSE who are acquainted with Mr. Cumming’s 

“Introduction to the Theory of Electricity” will 
welcome most heartily a new and excellent little work 
from his pen. The book before us is on “ Electricity 

Treated Experimentally”; and it is highly to be com- 

mended. It is admirably clear and concise, and at the 
same time the information is full and is well arranged; 

while the multitude of excellent illustrations and the open 
double-leaded type make the little book very pleasant 
and satisfactory reading. 

The portions devoted to magnetic and electric measure- 
ments, both electro-static and electro-kinetic, are, as we 

should expect from the author, clear and full; while the 

descriptions of the various measuring instruments are 
very satisfactory. An excellent account is also given of 
Faraday’s experimental investigations in electro-statics 

and electro-magnetism, and of those of Ampere in electro- 
dynamics. 

The least satisfactory portion of the book is the 
chapter headed “Current Induction.” This chapter, 

even making all allowances for its necessary brevity, re- 

quires very considerable improvement and amendment. 

The descriptions given of dynamo-electric machines are 
very far from adequate, even to the extent of making 

little or no distinction between a magneto-electric machine 
and a so-called “ dynamo.” Under the heading “ Sie- 

mens Dynamo” there is a description and diagram of 
the old Siemens shuttle-wound armature; and Fig. 218, 

which is a diagram of aGramme magneto, shows the soft 

iron of the armature cut away almost to nothing to make 

space for the armature. The information given with 
respect to the incandescent lamps and incandescent 
lighting also requires improvement to make it suitable for 

the present day ; and the description of the telephone 

and of experiments to illustrate the action of it are not 
satisfactory. Some of these instruments it is perhaps un- 

necessary to treat of in a book of this class; but if they 
are dealt with at all the treatment must be correct and 
not too meagre. 

One or two other minor matters we cannot avoid men- 
tioning. The first is the naming of the magnetic poles. 
It is greatly to be desired that strong efforts should be 
made by all teachers to get rid of the English “north” 
and “south.” Most writers of importance are doing this 
now; either by adopting “blue” and “red” for ¢rue 
north and /rwe south respectively, or else by using in 

full the designations “true north” and “true south.” 
However this may be, the practice of marking the ends 

of a magnet + and — seems to us thoroughly objection- 
able. 

Next we would call the author’s attention to the fact 
that the rule which he has called Oersted’s rule for 
finding the direction in which a magnet turns under the 

influence of a current is commonly, and we believe 
rightly, called Ampére’s rule. But it would be of very 

great advantage if Ampére’s rule were improved out of ex- 
istence, and some such rule substituted as that “ terrestrial 

currents sz/pused to correspond with terrestrial magnetism 
follow the sun.” When the unfortunate student imagines 

himself lying on his face, or (?) back, with a current entering 
by his feet, or (?) head, and stretches out his right hand, 

or (?) left, to show the direction of the deflection of the 

magnet, the probabilities against his coming at the end 
of his imagining to a correct conclusion are considerable. 

It seems strange that sucha rule should have held its 

place from Ampére’s time till now. 
Lastly, we miss the name of Cavendish and his proof 

(by means of the experiments of Faraday so well de- 
scribed) of the electro-static law of the inverse square of 
the distance. It is impossible, by means of the torsion- 

balance, to give anything but a rough proof of this great 

Jaw. But Cavendish established mathematically that no 

other law than that of the inverse square of the distance 
will account for the whole electric charge being found on 

the outside of a closed conductor ; while the experiments 
of Faraday established to minute accuracy this celebrated 
law of electric distribution. In searching for the name 

of Cavendish, too, an alphabetical index would have been 
of much assistance. It is sad for a reviewer to take up a 
book without an index! No book, unless it be a novel, 
should be without one. For small books it is easily made; 
for large books it is essential. 

With these criticisms we must take our leave of Mr. 
Cumming’s book ; but we cannot do so without remark- 

ing once more that it is one of the pleasantest and most 
thorough little books on electricity and magnetism with 
which we are acquainted. Ney tli 183, 

OUR BOOK SHELF 

Constructive Geometry of Plane Curves. With Numerous 
Examples. By T. H. Eagles, M.A. Pp. xx, 374° 
(London: Macmillan and Co., 1885.) 

THIs book differs considerably from previous treatises on 
practical geometry. The author has made a serious 
attempt to improve the instruction usually given in his 
subject, and the result is that we have a text-book which 
will lend itself to class-teaching of a thorough and 
searching character. 

Hitherto much time has been spent on constructions 
which furnish no mental discipline. In this treatise the 
proofs of the methods used are given or indicated in 
every case. 
A valuable collection of examples is supplied at the 

end of each chapter. If a numerical result is involved, 
the answer is usually appended, and hints are given 
towards the solution of the more difficult examples. 

Two-thirds of the book is devoted to conic sections, 
and herein we find methods of drawing these curves under 
almost any conceivable conditions ; there are also chapters 
on reciprocal polars and the anharmonic properties of 
conics which will give the draughtsman some indication 
of the power of modern geometry and of its usefulness in 
practical application. 
After a chapter on conics as derived from plane sec- 

tions of a cone, we have about 100 pages devoted to 
various other curves which are of interest in mechanics 
or physics. Compared with the exhaustive treatment of 
the conic sections, the account of several of these curves 
is somewhat scanty. 
We should like to see more space given to equipotential 

curves, for instance, and to have further exemplification 
of the methods of construction adopted by Rankine and 
Maxwell. 
The book closes with an interesting chapter on the 

graphical solution of quadratic equations and certain 
trigonometrical equations. 

a 
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Scientific Memoirs by Medical Officers of the Army of 
India. "Edited by B. Simpson, M.D., Surgeon-General 
with the Government of India. (Part I., 1884). (1) 
On the relation of cholera to Schyzomycete organisms, 
by D. D. Cunningham. (2) On the presence of peculiar 
parasitic organisms in the tissue of a specimen of Delhi 
boil, by D. D. Cunningham. (Calcutta, 1885). 

In the first of these memoirs Dr. Cunningham makes 
some interesting additions to our knowledge of the 
presence and distribution of comma bacilli in the in- 
testinal contents in cases of Asiatic cholera; on the 
occurrence of peculiar comma bacilli associated with the 
scum formed on tank water by Euglenz ; and on certain 
modifications in morphological and other characters in 
artificial cultivations of the choleraic comma bacilli. 

The second memoir gives a minute description of the 
anatomical nature of the skin disease known as ‘‘ Oriental 
sore” or “Delhi boil.” This description is the more 
valuable as it is the first accurate account that we possess 
of the minute anatomy of this interesting malady. The 
value is enhanced by the discovery by Dr. Cunningham in 
the diseased tissue of a peculiar fungus bearing the 
characters of Mycetozoa or Myxomycetes, more especially 
of the subdivision of the Monadine ; the distribution of 
this fungus is such that a causal relation of it to the 
disease process becomes highly probable. 

The memorr is illustrated by numerous fine lithographs, 
many of them coloured. E. KLEIN 

LEDLIERS LO THE EDITOR. 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

On the Thomson Effect as Expounded by Prof. Tait 

AMONG modern expositions of the subject of thermo-electri- 
city there is none so full, and on the whole so instructive to 
students, as that contained in Prof. Tait’s ‘‘ Heat.” It is there- 
fore the more important to call attention to what appears to me 
to be, to say the least, a very questionable statement there made. 
It refers to the Thomson effect. 

Thomson’s experiments were of the following nature. A 
metallic bar was surrounded with a hot-water jacket in the 
middle and with cold-water jackets at the ends, and there were 
two holes sunk in it for the insertion of thermometers, midway 
between the hot jacket and the two cold jackets. When the 
flow of heat had become nearly steady, a steady current of 
electricity was sent through the bar ; and, after it had flowed 
for several minutes in one direction, it was reversed ; then, after 
the same number of minutes, it was again reversed, and so on 
several times. It was thus found that, when the bar was of 
copper, the current made the temperature of the further ther- 
mometer higher than that of the near one (the words fay and 
near being used with reference to the end at which the current 
entered). When the bar was of iron, the current made the 
temperature of the near thermometer higher than that of the 
further one. f 

Seeing that a current may be regarded at pleasure as the flow 
of vitreous electricity in the nominal direction of the current, or 
as the flow of resinous electricity in the opposite direction, 
Thomson summed up his results by saying that ‘‘ the vitreous 
electricity carries heat with it” in copper, and ‘‘the resinous 
electricity carries heat with it” in iron. He also gave the name 
of ‘electric convection of heat” to the effect thus detected. 
It has since been called by others ‘‘the Thomson effect.” 

The experiments were instituted to test the truth of a conclu- 
clusion of which he had previously given a theoretical proof— 
the conclusion that ‘‘in one or other of the metals, and most 
probably in both, there must be a thermal effect due to the 
passage of electricity through a non-uniformly heated portion of 
it, which must be an absorption of heat [a cooling] or an evolu- 

tion of heat [a warming], according to the direction of the 
current between the hot and cold parts.” 

It may be taken to be an established fact that, in a uniform 
linear conductor along which a current is flowing, there is, in 
addition to the frictional heating, which is proportional to the 
square of the current, a warming or cooling effect proportional 
(at given temperature) to the steepness of the thermometric 
gradient at the point which is warmed or cooled, changing sign 
with the gradient, and vanishing at points of maximum or 
minimum temperature, where the gradient vanishes. 
Now compare these effects with what happens when a stream 

of liquid flows through a pipe surrounded at alternate points in 
its length with hot and cold jackets, the average temperature of 
the water being the same as the average temperature of the 
pipe. It will carry heat from the hotter to the colder portions, 
thus cooling the hottest parts, warming the coldest parts, and at 
the same time carrying forward the points of maximum and 
minimum temperature. If, at each point of the pipe (supposed 
straight and horizontal), we erect an ordinate to represent its 
temperature, and call the curve of which they are the ordinates 
“the temperature curve,” the effect of the flow of liquid on this 
curve will be twofold: (1) it will carry the temperature curve 
forward ; (2) it will make the temperature curve flatter. 

Thomson’s experiments show that an electric current carries 
the temperature curve forward in copper, and backward in iron ; 
but I am not aware of any evidence to show that it makes the 
temperature curve flatter. 

The analogy between the Thomson effect and convection of 
heat by a liquid ina pipe therefore does not run on all fours, 
and must be used with caution. 

Maxwell says (‘‘Elec. and Mag.,” p. 343, second edition), 
** positive electricity in copper, and negative electricity in iron, 
carry heat with them from hot to cold.” The words “‘ from hot 
to cold” are here added to Thomson’s original phrase ‘‘ carries 
heat with it,” and the addition thus made is not in accordance 
with facts, for it implies that heat is taken away from the hot 
parts and given to the cold parts ; whereas the fact is that heat 
is taken from parts where the temperature gradient is in 
one direction, and heat is given to parts where the gradient is 
in the opposite direction. If the statement be altered by a little 
transposition, so as to make it stand thus, ‘positive electricity 
.in copper, and negative electricity in iron, going from hot to 
cold, carry heat with them,” it will be scarcely distinguishable 
from Thomson’s original statement. 

Prof. Tait goes further, and says (‘‘ Heat,” p. 170) :—“‘ After 
a series of elaborate experiments (described in the Phi. Trans. 
for 1855) [it should be 1856] Thomson found that :— 

“« 4n electric current in an unequally heated copper conductor 
behaves as a real fluid would do, i.e. it tends to reduce differenzes 
of temperature. In iron it tends to exaggerate them.” 

The italics are Prof. Tait’s. 
I can find nothing in Thomson’s paper to support the asser- 

tion that in copper an electric current tends to reduce differ- 
ences of temperature, though the idea that it does so is natur- 
ally suggested by the analogy implied in the phrase “‘ electrical 
convection of heat.” 

The statement that in iron the current tends to exaggerate 
differences of temperature, seems to be completely original on 
the part of Prof. Tait. It does not arise naturally out of 
Thomson’s dictum, ‘‘ resinous electricity carries heat with it in 
iron”; for if we think of resinous electricity as a real fluid 
flowing through iron, it would tend to equalise differences of 
temperature in that metal. 

The two statements taken together suggest the following line 
of reasoning as conclusive against them both :— 

Let there be the same initial distribution of temperature in a 
copper and in an iron bar, and currents in the same direction 
through both. Then the alterations of temperature at corre- 
sponding points in the two bars will have opposite signs, Any 
one who maintains that the warmest parts of the copper are 
cooled is therefore bound to maintain that the warmest parts of 
the iron are warmed. But there is precisely the same ground 
for maintaining that the warmest parts of the iron are cooled, 
and therefore the warmest parts of the copper warmed. What- 
ever vitreous electicity can do in copper, resinous electricity can 
do in iron. We are thus involved in a contradiction if we 
assume any finite heating or cooling at the hottest parts. And 
similar reasoning disproves any finite heating or cooling at the 
coldest parts. 

The following formal investigation confirms the view which I 
have above expressed. 
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Leaving out of account frictional generation of heat (in other 
words, the effect which varies as the square of the current), let 
od be the heat generated in unit time by unit current in a uni- 
form copper bar, in passing from a section where the tempera- 
ture is @ + @@ to one where it is @ (see Thomson’s “ Papers,” vol. 
i. p. 246). Let x be distance along the bar in the direction of 
the current, andc the thermal capacity of unit length of the bar, 

The heat generated in a short length 5x is — osx, and the 
ax 

. : re pee a a0 se 
consequent rise of temperature in this portion is — — co This 

c dx 

is in unit time. Tence, putting ¢ for time, andz for 2, we 
¢ 

have— 
de _, a0 

dt ax 

If the limits of temperature are not very far apart, it is known 
that o and ¢ are sensibly independent of @; hence v may be 
treated as a constant. The integral of the above equation is 
then— 

6= F(x - vt), 

where / is a functional symbol such that @ = F(x) expresses 
the original distribution of temperature. The interpretation is 
that the original ‘‘temperature curve” travels forward with 
velocity v without flattening or any other change of form. 

Belfast, May 14 J. D. EVERETT 

Scientific Nomenclature 

SoME time ago Mr. ‘‘John O’Toole,” in the columns of 
NATURE, waged war against that hideous monstrosity Potential 
Energy, and he very aptly summarised his case against this term 
by saying that it involves, by the very signification of words, ‘‘a 
double remotion from actuality.” 

A few months ago it occurred to me that to express what is 
intended by the potential energy of any system the term Svadic 
Energy is not only logically unobjectionable but specially fit for 
the’ purpose. Thus, if a string or a membrane is stretched, a 
wire bent and twisted, or, generally, a body strained in any 
manner, the work which it can do against resistance in returning 
from its state of strain to its unstrained condition is the S/a/c 
Energy of the system in the strained condition. The work which 
a moving system can do in virtue solely of its motion is, of 
course, its Avvetic Energy. 

Thus we have simply Static Energy and Kinetic Energy, and 
these terms have the further advantage of harmonising with the 
ordinary subdivisions of dynamics. 

I may add that the term Statice Energy has received the 
approval of all the mathematical physicists to whom I have sub- 
mitted it. GEORGE M. MINCHIN 

R.I.E. College, Cooper’s Hill, May 19 

Pendulum Oscillation 

THE oscillations of a long pendulum are observed to describe 
an ellipse the axis of which tends to set itself at right-angles to 
the plane in which the pendulum was started. An explanation 
of the above phenomenon would much oblige. M. H. Maw 

Walk House, Barrow-on-Humber, Hull, May 18 

What is Histioderma ? 

Histioderma hibernica was described by Dr. Kinahan in 1858 
as an annelid, and most writers who have since mentioned it 
have also regarded it as such. Dr. Haughton notices and figures 
it in his ‘Manual of Geology,” Sir R. I. Murchison places it 
amongst annelids in his ‘‘ Siluria,” as also Dr, Bigsby in his 
““ Thesaurus Siluricus.” Writing from memory only, I think a 
description and figure will be found in W. H. Baily’s useful 
compendium of Paleozoic British fossils, published a few years 
ago. The fossil is mentioned with more or less detail by 
numerous writers on Cambrian strata. 

The above references will perhaps answer the letter signed 
“*S.,” but there still remains the question, What is Histio- 
derma? It is apparently a fossil impression in the rocks of 
Bray Head, Wicklow, Ireland. Only one species and only one 
locality is, I believe, known. It seems to me very doubtful] 
what kind of animal made the impression—whether an annelid, 

or otherwise. Iam inclined to doubt if the rocks are Lower 
Cambrian, as geologists generally suppose, because the evidence 
seems to indicate that the Bray Head rocks had become hard- 
ened and raised into land before the oldest Lower Cambrians of 
Wales and England were deposited. I would therefore pass 
on the question and ask, What is Histioderma ? 

4, Cowper Road, Acton, London, W. A. RAMSAY 

IN answer to the above question in your issue of May 20 
(p. 53), I refer your correspondent to the Proceedings of the 
Geological Society of Dublin, where he will find (Matural 
History Review, vol. v., Proceedings of Society, p. 150) the 
original description of Histioderma by Prof. Kinahan. Accord- 
ing toitsauthor, Histioderma is the tube of a cephalo-branchiate 
annelid. J. Vicror Carus 

Leipzig, May 23 

Black Skin 

In a letter lately received from Mr. Flinders Petrie, who is 
now in Egypt, are some remarks on ‘Black Skin,” which [ 
think very interesting, and perhaps the readers of NATURE may 
think them so too, so Isend the paragraph to you. 

Belvedere, Kent, May 24 F. C. J. SPURRELL 

“*Tn considering the use of a naturally or artificially black 
skin, we should not look so much to the requirements of the 
surface, which is constructed to bear variations, and has the 
means of cooling and maintaining a proper temperature within 
itself, but rather we should consider the far more delicate tissues 
beneath. We all know how translucent flesh is to strong light, 
and it can hardly be doubted that the rays of a tropical sun 
would light up a white man’s inside considerably ; whereas 
black skin would stop out the solar energy of light, heat, and 
chemical rays effectually. Skin heat is of no importance, as 
perspiration can always keep that down. May not the oiling of 
the skin in hot countries be partly to make it reflective, so that 
it should absorb less heat? And may not the regard white 
races have for clothing be partly for the purpose of keeping the 
insides of their bodies sufficiently in the dark?” 

Male Animals and their Progeny 

CAN any of your correspondents inform me whether any of 
the male wild animals in foreign countries show any love for, or 
recognition of, their progeny? In this country amongst the 
domestic animals it does not seem to exist, save in the case of 
the gander, who carefully guards the goose while sitting, and 
attends to the goslings when hatched ; but the cock pays no 
attention to the hen while sitting nor when with chickens, nor 
does the dog, the bull, the horse, nor the boar evince any sign 
of parental feeling under circumstances favourable to its de- 
velopment. 

One peculiarity of geese is, I think, worthy of notice, for it is — 
not possessed by ducks or fowls, who also live in flocks. If 
when goslings are hatched, they are permitted to run with a 
goose in‘company with the other geese of the flock, all chances 
of any eggs being laid by the other geese who have no goslings 
are over. 

Birds and Mirrors 

For six days I have been for two or three hours in the club 
reading-room, where tere is a large mirror. During all this 
time a cock and hen sparrow have been flirting with and 
bowing to their images in the glass with evident pleasure— 
rushing along the mantel-shelf, flying to the top of the frame, or 
resting for a time, always apparently happy in contemplation, 
never showing disappointment. IF. C. CONSTABLE 

Sind Club, Karachi, May 2 

SURGEON-MAFOR T. R. LEWIS 

R. TIMOTHY LEWIS, Surgeon-Major Army Medi- 
cal Staff and Assistant Professor of Pathology in 

the Netley Army Medical College, whose death, which took 
place on May 7, we announced last week, was a native of 
South Wales, and received his medical education at Uni- 
versity College, London, and graduated as M.B. at 
Burlington, Gardens. He was selected about twenty 
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years ago, together with Dr. Cunningham, to proceed to 
India in order to undertake, under the auspices of the 
Indian Government, a prolonged study of the causation 
of cholera, especially in regard to its reputed relation to 
parasitic organisms. At that time little was known or 
thought about Bacteria, and the public mind had been 
aroused by Hallier’s (now long-exploded) theory of a rice- 
fungus as the cause of cholera, just as more recently it 
has responded to Dr. Koch’s invitation to believe in the 
comma-bacillus. Dr. Lewis and his companion were 
authorised to visit Prof. Hallier at Jena and Prof. de Bary 
(in those days not attached to French Strasburg !) for 
the purpose of acquainting themselves with methods of 
mycetological research before proceeding to India. A 
few weeks was all the time allowed them for this visit, 
and consequently they took little to India excepting their 
own conscientious habits of work and that modicum of 
knowledge of microscopic ¢ecinzgue which was considered 
sufficient for the highest medical qualification in England 
in those days. Nevertheless these observers made most 
valuable and minute researches on the microscopic 
organisms present in the dejecta of cholera-patients, 
which were published by the Government of India. Dr. 
Lewis extended his researches into the general question 
of the presence of microscopic organisms in the blood 
and tissues of man in health and disease, and was led to 
some very interesting discoveries. His results were pub- 
lished from time to time by the Government of India, and 
were re-published as they appeared in the Quarterly 
Fournal of Microscopical Science. 

Dr. Lewis’s work was always remarkable for the ex- 
treme care with which positive results were asserted, and 
for the fairness with which the researches of predecessors 
in the same field were considered and discussed. His 
most remarkable discovery was that of the little nematoid 
worm occurring in the blood of persons suffering from a 
form of chyluria and elephantiasis, to which he gave the 
name /7/aria sanguints hominis. This discovery was pub- 
lished in 1872. Some years later Dr. Bancroft discovered 
in Australia the adult worm from which the brood of 
ninute blood-parasites is derived, and, still later, an un- 

successful attempt has been made by Dr. Patrick Manson 
to show that the young pass an intermediate stage of 
existence in the alimentary canal of gnats, which suck 
them in together with the blood of worm-infested persons. 

It is no small thing in these latter days to discover a 
new human parasitic worm of great pathological signi- 
ficance, and it was in recognition of this discovery, as 
well as in view of his important contribution to the dis- 
‘cussion of “the cholera-bacillus theory,” that the Council 
of the Royal Society in last April selected Dr. Timothy 
Lewis as one of the fifteen candidates to be submitted to 
the Society for election in next June. 

In regard to the question of the relation of bacteria to 
cholera and similar diseases, Dr. Lewis had a vast store 
of both published and unpublished observation. With 
characteristic caution and modesty, he had refrained from 
dogmatising on the subject. Working for twelve years in 
Calcutta, with daily access to cholera patients, he was 

_ thoroughly familiar with the several different forms of 
Bacteria which are to be found in the alimentary tract 

| and in the dejecta of choleraics. Unlike some of his 
_ recent successors in this line of research, Dr. Lewis was 
also familiar with the different forms of Bacteria which 

Occur in the Aea/¢zy human mouth and intestines, and in 
| potable waters. He was therefore able to demonstrate 
immediately on the publication of Koch’s figures of the 
so-called “ comma-bacillus” that this for (asserted by 
Koch to be peculiar to cholera evacuations) was nothing 

| more nor less than a Sfzrz//um broken by manipulation, 
and commonly to be found in the mouth of healthy 
persons. The importance of this contribution to the 

| controversy excited by Dr. Koch’s statements can- 
not be too highly estimated. Its accuracy was uni- 

versally recognised at once, and has never been called in 
question. Dr. Klein has since come to the conclusion 
that not only are organisms of the exact for of Koch’s 
cholera-comma abundant in the healthy saliva, as shown 
by Lewis, but that some of these forms have precisely the 
same physiological conditions of growth, and precisely 
the same action upon gelatine as Koch considered to be 
characteristic of those obtained from cholera evacua- 
tions. 

At the time of his death Dr. Lewis was carrying on in 
his laboratory at Netley an extensive series of culture 
and inoculation experiments, chiefly upon the Bacteria 
which occur in the alimentary canal of man. 

Those who enjoyed his personal friendship valued Dr. 
Lewis for his warm-heartedness no less than for the rare 
combination of enthusiasm with caution in his work which 
gives his published results a very special value. It is 
perhaps some satisfaction to his friends to know that he 
had heard of the recognition of his merits by the Royal 
Society Council before the commencement of the attack 
of inflammation of the lungs which so rapidly ran to a 
fatal termination. 1B. 1S Lp 

A SKETCH OF THE FPEORA OF SOUTH 
AFRICA 

ees this title we would draw the attention of 
botanists to a very able essay on the botanical 

regions of South Africa, contributed to the “ Official 
Hand-Book of the Cape of Good Hope” for 1886, by 
Harry Bolus, F.L.S., an accomplished botanist, who has 
devoted many years to the investigation of South African 
plants. 

That extra-tropical South Africa is one of the most 
varied botanical regions on the globe is a fact familiar to 
both botanists and gardeners, from the days of Linneeus,— 
who epitomised its richness in the expression, “ Ex Africa 
semper aliquid novi,’—and of the earliest cultivators of 
greenhouse plants, who were indebted to the Cape of 
Good Hope, far more than to any other regions of the 
globe, for what were, and till Japan and Australia eclipsed 
it, the prime favourites of the conservatory. There are 
those still alive who can remember the time when plant- 
houses were ornamented with little else than Cape 
Heaths, Pelargoniums (miscalled Geraniums), Polygalas, 
Proteas, Oxalis’, Mesembryanthemums, Everlastings, Sta- 
pelias, Irideee, and Cape bulbs innumerable, and when 
the illustrated horticultural serials of the day were either 
devoted to these, or contained figures of more of the 
plants of this than of any one other country. It is true 
that the cultivation or all but a very few of the heaths and 
geraniums has been abandoned for things of not greater 
beauty, and of far less interest, but this is due, not to 
want of appreciation, but in the case of some to their not 
being amenable to the treatment of the “ soft-wooded ” 
plants now in vogue, and of others to the fact that their 
flowering period—of the bulbs especially—is a very brief 
one, and that the flowers soon fade when cut. 

To return to the little essay before us: the attempt to 
define the South African regions of vegetation is not a 
new one; it had been essayed by Meyer and Drége, 
Zeyher, Griesebach, and others, but not successfully; and 
the author of the sketch under consideration is the first 
who has succeeded in presenting satisfactorily the salient 
botanical characters of that flora, as affected by, or in 
correspondence with, geographical and other physical 
conditions ; whilst he alone has given such vivid pictures 
of the vegetation of the different botanical regions he has 
defined, that any one with even an elementary knowledge 
of South African plants can fancy himself travelling over 
the ground. 

The two dominant features of the South African flora 
are, the number of orders, genera, and species that it 
contains, and the limitation of great groups of these 
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within very narrow and well-defined areas. There are 
five of these areas, differing from one another in the 
aspect as well as in the composition of their floras more 
decisively than do any other five contiguous areas of 
similarly small extent on the surface of the globe. These 
five together have been estimated to contain the extra- 
ordinary number of 14,000 species of flowering plants ! 
which are comprised under 200 natural orders (nearly 
three-fourths of the known orders of plants), and 1255 
genera (one-sixth of the described genera of the whole 
world). Though possessing no truly Alpine region, it is 
by far the richest extra-tropical area on the globe in 
respect of genera and species, and is probably not sur- 
passed by any tropical area of equal extent; a circum- 
stance which may be taken together with the fact, that 
the vast proportion of the species are low herbs or small 
shrubs—trees being very rare both in species and indi- 
viduals, and that there is not a single arboreous genus of 
more than a very few species. Thereis no dominant genus 
of trees like the Eucalypti of Australia and the Conifers of 
northern regions, or even the oaks or beeches of Europe, 
that monopolise great areas and determine the absence 
or presence of a multitude of plants of lower stature. The 
following are Mr. Bolus’s regions :— 

(1) The South-Western Region—This (which might 
he called the Cape proper region) extends in a curve 
from near the mouth of Olifant’s River along the 
coast facing the Western Atlantic, round by the Cape of 
Good Hope to Cape Agulhas, and thence to near Port 
Elizabeth along the coast facing the Southern Atlantic. 
Throughout its length—about 600 miles—it maintains a 
breadth of between 40 and 80 miles, never more or less, 
and is bounded on its landward sides by mountain-ranges 
attaining 4000 to nearly 8000 feet in elevation—of which 
the eastern run east and west, the western north and 
south. The surface is varied with bushy, grassy, sandy, 
and rocky tracts, of which some appear desolate from a 
distance, but on examination are found to swarm with 
genera and species. It is a region of small-leaved 
herbs and bushes—of Iridea, Orchidez, Rutacee, Ericeze, 
Restiaceze, Compositz, Proteaceze, Polygaleze, Mesembry- 
anthemums, Oxalidez, Geraniacez, and Leguminose. It 
is that whence all the Cape plants of the greenhouses of 
the last generation were derived. The climate is dry, tem- 
perate, and comparatively equable, with a winter rainfall 
which varies excessively from 24 inches at Cape Town to 
60 in some of its own suburbs, but everywhere rapidly 
diminishing with distance from the coast and from the 
vicinity of Cape Town. The few forests are near the few 
rivers, and their trees rarely exceed 50 feet in height. As 
an instance of the endemic nature of its vegetation, the 
genus Erica forms one of the many conspicuous 
examples. It contains no fewer than 300 Cape species ; 
all, or nearly all, are confined to this region, and various 
other genera contain upwards of 100 endemic species. 
The total number of flowering plants in this region is 
about 4500. No temperate area of the globe of its extent 
is nearly so peculiar or rich. California offers but a faint 
counterpart ; and the restriction of the majority of the spe- 
cies of Cistus and Ulex to the Atlantic coasts of Europe 
offers an even fainter example of restricted distribution. 

(2) The Tropical African Region (which might be 
called the Natal region).—Unlike the western tem- 
perate coast, the vegetation of the eastern temperate 
retains the characteristic features of that of tropical Africa. 
From Port Elizabeth northwards to Abyssinia there is no 
sharp delimitation of floras. This region is bounded on 
the east and south-east by the Atlantic, and stretches 
inland for from 60 to too miles to ranges of mountains 
of 5000 to 10,000 feet high, which bound it on the west. 
The surface is varied with bush and park, which, pro- 
ceeding northward, give place here and there to exten- 
sive forests, and it is traversed by many streams. The 
herbage, and bush- and tree-foliage, are greener than in the 

south-western district, and the foliage larger. The rains 
are summer ones, the temperature rather higher than in 
the west, and much more so to the north. Though there 
is some overlapping of the vegetations of this and the Cape 
region proper in the neighbourhood of Port Elizabeth and 
Grahamstown, the transition from one to the other is won- 
derfully sudden. The 300 heaths may be said to disappear 
bodily, as do the Cape Rutacez, Proteacez, and Orchidez, 
As suddenly appear giant Cycadea, Aloes, leafless suc- 
culent tree Euphorbias, with different tribes of Orchidez, 
Leguminose, and Amaryllidez, often grouped in striking 
assemblages of grotesque forms, whilst a palm, Phenix 
reclinata, reaches lat. 33° S. Along with African types, 
Indian abound, both in genera and species, especially to 
the northward. 

(3) The Karroo Region.—Returning now to the Western 
Atlantic coast of South Africa, from Olifant’s River to the 
Orange River, aad thence south-eastwards, bounding 
the Cape proper region on the north, extends a vast 
shallow basin about 2000 feet above the sea-level, except 
towards its western or littoral boundary. It forms a curve 
somewhat concentric with that of the Cape region proper, 
and extends a little further east into the tropical African 
region. It is about 700 miles in length, and from 30 to 
70 in breadth from the bounding mountains on the north, 
which are the Nieuveld Bergen, to lower ranges on the 
south. The surface consists of sandy, stony, or fertile 
plains of vast extent, traversed by river-beds, and by the © 
courses of torrents filled by summer thunderstorms, but 
dry in winter. Permanent water is scarce, and (as in 
California) sheep have denuded large areas of native 
vegetation. The climate is excessive ; the rainfall, chiefly 
a summer one, from 7 to 14 inches according to locality. 
During the dry season the country is a desert, but after a 
shower it is suddenly, but transiently, transformed into a 
vividly-coloured garden. 

“T was amazed on visiting that desert country, after the 
rains of June to July 1883, to see tracts, hundreds of 
acres in extent, covered with sheets of living fire or 
glowing purple, visible from several miles’ distance, 
caused by the beautiful Composite in flower; and 
nothing is more curious than to see this luxuriance inter- 
mingled with the black or white branches of dead shrubs 
killed by previous dreughts, standing like ghostly intruders 
on a scene of merriment and joy. These charming scenes 
pass away all too rapidly, and in a month or two little 
that is beautiful remains.” 

The only tree is the ghastly Acacta horrida, fringing the 
dry river-beds. 
Ericee, Restiaceze, Polygaleze, Orchidez, Proteacea, 
Rutaceze, almost all are absent, and a variety of so- 
called succulent plants appear, especially innumerable 
species of Mesembryanthemum, together with Portulacez, 
Zygophyllez, Crassulacez, Stapelias, Ficoideze, and dwarf 
Euphorbias, besides which many other genera that are 
never succulent elsewhere, here have species with fleshy 
roots, stems, or leaves. The tree Aloes of the Eastern 
region are fairly well represented, but by different species, — 
and the same remark applies to the Geraniacex of the 
Cape region. The curious Elephant’s-foot (Testudin- 
aria) is a characteristic plant, as are the two species of — 
the parasitical Rafflesiaceous genus Hydnora, which 
extends to Abyssinia. 

(4) Avery singular region or subdivision of the Karroo 
region is called by Mr. Bolus the “ Upper Karroo,” or 
“ yezion of Composite,” which occupies an inland broad 
area north of the Karroo region, everywhere distant from 
the coast, about 400 miles from east to west, and 150 to: 
200 miles in breadth. It is a mountainous country, only 
partially explored, and supposed to have a mean elevation 
of 4000 to 5000 feet. Its prevalent features are that of a 
treeless, heathy tract, or dry elevated moorland, covered 
with shrublets of a dull hue. 
summer nights are always cool, sharp frosts are common, 

Of the Orders of the Cape region proper, 

The climate is severe, the 
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and snows falls in winter. Composites abound. Of 
nearly 1000 species that have been collected in this 
region, 61 genera and 231 species are referable to this 
Order. Of Orchids only four species have been found ; 
Rutacez, Ericaceze, and Restiacez are all but absent, and 
Proteacez wholly so. 

(5) The Kalahari Region is the name Mr. Bolus gives 
to the vast tract of country north of the Composite 
region, west of the Natal region, and south of the tropic 
of Capricorn. It is a desert country, with an extreme 
climate, a rainfall of summer thunderstorms, hot summers 
with cool nights, and frosts in winter. Its essential fea- 
tures are of a country clothed with grass in tufts, and 
isolated shrubs and trees, which form forests in the north, 
and are thus probably continuous with the forests of 
tropical Africa. The Cape flora has here disappeared, 
and with it we take leave of Mr. Bolus’s very able and 
most interesting contribution to botanical geography, re- 
gretting that want of space prevents any notice being 

taken of the many valuable observations and comparisons 
that he has made relating to the affinities of the South 
African with the Australian flora, and other matters of 
scientific interest. Wo IDs Isic 

THE INTERNATIONAL COMMITTEE OF 

WEIGHTS AND MEASURES 

| HE Comité International des Poids et Mesures, which 
has its bureau at Sévres, has recently issued its ninth 

_ Report to the contracting Governments. The Report 
_ gives an account of the work done by the Committee 
- during 1885, and a statement of the probable expenses of 

the Committee for the current year. During the last 
year new instruments for the accurate comparison of 

| standards of the metric system have been obtained at a 
! cost of about 500/, making a total cost of about 7000/. 
for instruments supplied to the Bureau. For the present 
year the expenses of the Bureau are estimated at 100,000 

_ francs (4000/.), the annual expenditure of the Committee 
| being limited by the Convention to that amount, of which 
_ sum about 2650/. is for payments to various officers of the 
| Comité. These expenses are divided amongst the twenty 
| contracting Governments, the annual contribution of Great 
| Britain and Ireland amounting to about 3007. The new 
instruments include a comparator for measures of length 
by M. Brunner; new mercurial thermometers by M. 
Tonnelot ; an air thermometer by M. Golaz; a sphero- 
meter by M. Brunner ; and other measuring instruments 
by MM. Oertling, Boudin, Alvergniat, Simmen, and the 
Société Genevoise. 

In the fourth volume of the 7ravaux et Alémoires of 
the Bureau (Paris, Gauthier-Villars, 1885) reference was 

| made by the Director of the Bureau to the work then in 
_ progress, and in the present Report a summary is given 
of the whole work done by the Committee during the 
past twelve months. 

The work of the Director has specially included the 
verification of the lengths and coefficients of expansion 
of several standard metres, and the determination of the 
weights and specific gravities of several standard kilo- 
grammes for different Governments and scientific au- 
thorities. A report is given on the comparison of the 
new kilogramme prototype (K. ll.) with the old kilo- 
“gramme des Archives, and also on the verification at 
‘Paris, by Dr. J. Broch and Mr. H. J. Chaney, of certain 
British standards. During the present year the Com- 
mittee report that Dr. Broch will continue his researches 
on the influence of light on the defining-lines of standards 
of length, and M. Benoit will also carry on his experi- 
ments on the best means of comparing end-measures of 
length (mesures a bouts) with line-measures (mesures a 
traits). Dr. Thiesen will continue his interesting studies 
on balances and the verification of kilogramme standards. 

r 

Dr. Chappuis, with the assistance of Dr. Guillaume, will 
also continue the experiments on the verification of ther- 
mometers. 

It would appear that the Committee are carrying out 
the duties intrusted to them with all possible care and 
despatch. In the preparation of the alloy of platinum- 
iridium, of which the standards of the kilogramme and 
metre are made, extraordinary difficulties were originally 
encountered, owing mainly to the presence in the iridium 
of iron, rhodium, ruthenium, osmium, and other metals, 
and the Committee therefore obtained the assistance of 
MM. Stas and Debray. The report of these eminent 
metallurgists shows that the Committee are indebted 
to Mr. G. Matthey for the production of an alloy 
having the high purity and finish required for such 
work, : 

The Report of the Committee includes copies of its 
correspondence with the different contracting Govern- 
ments. In an able note to the Japanese Minister, Dr 
A. Hirsch (the Secretary of the International Committee) 
explains the objects of the Metric Bureau, and it is grati- 
fying to find that Japan has now joined the Convention. 
From the correspondence with this country it would appear 
that our Government will in due course obtain copies of 
the new metric standards. 

The Committee announce that the vacancies caused by 
the death of Prof. Heer and the resignations of Gen. 
Wrede and Dr. Gould have been filled by the election by 
the Committee of Prof. Th. v. Oppolzer, Mr. W. H. M. 
Christie, and Prof. Thalén. 
The Report also includes copies of a correspondence 

with reference to a proposal made by the French Govern- 
ment to extend the functions of the Bureau to the deter- 
mination and verification of electrical standards of resist- 
ance and light, for the use of the different Governments. 
The proposal appears to have gone no farther at present 
than asking the several contracting Governments whether 
they would have objection to the preparation of estimates 
showing the cost of a new or extended Bureau for elec- 
trical purposes. The replies of Belgium, Denmark, 
Spain, the United States, Italy, Servia, and Switzer- 
land are attached, but, excepting Spain and Switzer- 
land, it cannot be said that generally the Governments 
appear to have given the proposal the most cordial 
welcome. 

THE WEATHER OF THE ICE SAINTS’ 
FESTIVALS OF 1886 

i year we chronicled (NATURE, vol. xxxii. p. 62) 
one of the most disastrous snowstorms that ever 

occurred at this season in Vienna, where, on May 15, 
there fell 5} inches of snow, and the cold accom- 
panying the storm was so intense that several persons 
who were exposed to it were frozen to death. - Over 
Austria and Hungary snow covered the fields and vine- 
yards, and, the crops being in a somewhat advanced 
condition at the time, an incalculable amount of damage 
was done. But the festivals of the Ice Saints (May 11, 
12, and 13) this year have been marked off for a wider 
and deeper remembrance by storms of wind, rain, hail, 
and snow in all the continents of the northern hemi- 
sphere, which, for number and destructiveness, are per- 
haps unexampled at this time of the year. f 

In the British Islands the cold acquired its greatest 
intensity on the five days from May 11 to 15, and was 
coincident with a system of pressures which appeared in 
the Channel, and thence proceeded in a north-north- 
easterly direction through the North Sea to the south- 
west of Norway, which was reached on the 15th. It 
necessarily resulted from this distribution of pressure that 
northerly and easterly winds prevailed in these islands, 
and temperature fell correspondingly low. Over that 
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large portion of the British Islands lying between lat. 52° 
and 58°, the mean temperature of the five days was at 
least 6°70 under the average of the season, and in the 
central portion of this district, as at York and Barrow-in- 
Furness, it was 8°°3 under the average. On the other 
hand, in Jersey the defect from the mean was only 1°°5, 
and in Shetland 2°°5. At Barrow-in-Furness, on the 12th, 
the maximum temperature was only 39°0. On this day 
snow fell over the higher districts of central and southern 
Scotland, in many places to the depth of several inches, 
and the cold was so intense that swallows and some other 
birds perished in thousands. 

Meanwhile torrents of rain were being poured down | 
continuously over wide districts of northern and central 
England. These rains were heaviest and most wide- 
spread on the 11th, 12th, and 13th, on each of these days 
upwards of an inch being recorded in many places. Mr. 
Scott states in the Weekly Weather Report that during 
these three davs falls of 4°83 inches occurred at Church- 
stoke, Montgomeryshire ; 4°36 inches at Hereford ; 4:15 
inches at Pershore, Worcestershire ; 3°38 inches at Ross, 
Herefordshire ; and 3°44 inches at Fassaroe, county 
Wicklow. Extensive and disastrous floods were the 
consequence. The railway traffic between Worcester, 
Hereford, and Malvern was suspended, and the whole of 
the united valley of the Severn and Teme, in the neigh- 
bourhood of Worcester, was laid under water. At Glou- 
cester large numbers of the inhabitants were driven from 
their homes. The valley of the Trent presented the 
appearance of a vast lake, and the Midland Railway 
between Nottingham and Derby was submerged. 
mense damage was done about Chester and along the 
estuary of the Dee, over the low grounds bordering the | 
Humber, and over extensive tracts of Yorkshire. 
A noteworthy feature of the storm is shown in the 

weather maps for the morning of the 13th, when the area 
of low pressure extending from west to east over the 
south of England was broken up, and showed three satel- 
lite cyclones with still lower pressures, having their 
centres the first to the west of Brest, the second over 
Somersetshire, and the third over Kent,—these all 
evidencing great, well-marked, and sharp local differences 
in the distribution of temperature and vapour. Further, 
a most remarkable satellite cyclone was seen near 
Perpignan, in the south of France, which in all proba- 
bility represented the small cyclone or tornado that about 
seven o'clock of the previous evening wrought such 
dreadful havoc in Madrid, causing 32 deaths, seriously 
wounding large numbers, variously estimated from 320 to 
520 persons, and wrecking hundreds of houses. The area 
swept over by the tornado was comparatively limited, but 
within that area, as in the lower Carabanchel, not a house 
was left undamaged and many were wholly blown down, 
and hardly any of the inhabitants escaped uninjured. The 
storm.was preceded by a sultry atmosphere, a heavy bank 
of black clouds in the north, and torrents of rain, and as 
so frequently occurs with the tornadoes of America, 
many buildings would appear to have fallen to pieces 
from an explosive force from within as the tornado 
passed overhead. 

On the 14th violent cyclones or tornadoes occurred at 
Krossen, near Frankfort on the Oder, at Linz on the 
Danube, and at Lonato, n<ar Brescia, wrecking houses, 
and causing great destruction in other ways; and storms 
of less, but yet of considerable severity are reported from 
other parts of the Continent. It is to be hoped that 
some meteorologist of mark will undertake the discussion 
of these remarkable storms, so as to lead, if possible, to 
some knowledge of the peculiar meteorological conditions 
of Europe out of which they originated. In this discus- 
sion no little help will be given by the high-level observa- 
tories now established at so many points over Europe. 

In the United States on May 11 a tornado passed over 
Kansas City, Missouri, destroyed the court-house and 
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other buildings, and partly demolished the bridge over 
the Missouri River, and thence pursued an easterly 
course to Pennsylvania, killing in its course about 90 
persons, and injuring 300. On the night of the 32th ter- 
rible destruction was done by tornadoes in Ohio, Indiana, 
and Illinois. From 4 to 5 inches of rain fell within three 
hours, fully twenty miles of the Little Miami Railway 
were washed away, and at Xenia, where the waterspout 
was most destructive, 36 persons were drowned, 80 
injured, and more than 100 houses destroyed. On the 
14th another series of tornadoes carried destruction 
through Ohio and Indiana; and on the 15th a tornado, 
which appears to have formed on Lake Erie, penetrated 
100 miles into Ohio. Its path was about 500 yards wide, 
and it levelled everything with the ground; killed 41 
persons, and injured several hundreds. These, with 
other tornadoes of less severity occurring in Kansas and 
elsewhere, are stated to be the most severe and destruc- 
tive storms or tornadves hitherto experienced in the 
United States, and the losses are estimated at about 
5,000,000 dollars. 

The detailed reports of these remarkable storms will 
no doubt be prepared and circulated with the fulness and 
satisfactoriness which characterise the work and publica- 
tions of the United States Signal Office ; and, consider- 
ing the striking simultaneousness of occurrence of these 
American and European storms from May Ir to 15, 
Gen. Hazen would, if the Reports were acco npanied and 
illustrated by international weather maps of the northern 
hemisphere from May 7 to 16, lay meteorologists under a 
deep obligation. 

\ 

CRETACEOUS METAMORPHIC ROCKS 

T is now a good many years since Prof. J. D. Whitney 
announced the existence of Cretaceous sediments in 

California which had undergone metamorphism into 
various crystalline rocks. ‘The attention of geologists is 

once more directed to that region by the recent work of 
the Geological Survey of the United States. Mr. George 
F. Becker, whose admirable monograph on the great 
Comstock Lode has reflected such lustre on that Survey, 
has more recently been intrusted with the investigation 
of the quicksilver deposits of California. This research 
when completed will form the subject of another mono- 
graph in the same great series of publications. But in 

the meanwhile some results of such startling importance 

in metamorphism have been obtained that Mr. Becker 

has published in the American Fournal of Sczence a brief 

preliminary outline of them.” It appears that the inquiry 

into the nature and origin of the rocks in question has 

been carried on partly by examination of their structure 

and relations in the field, partly by chemical analysis and 
partly by the study of microscopic sections. In short, all 
the appliances of modern geology have been enlisted in 
the investigation. 

The area embraced by the rocks which are stated to 

have undergone metamorphism is estimated at 3000 

square miles. The rocks are determined by fossils to be 

approximately of Neocomian age. They consist chiefly 

of sandstone and arkose lying upon and probably for the 

most part derived from granite. Their quartz-grains are 

cemented in great measure with carbonate of lime, and 

there are likewise clastic fragments of orthoclase, plagio- 

clase, biotite, hornblende, and other minerals of the 

granite. d 
stones gradations are traceable into varieties wherein a 

process of recrystallisation has been set up, but has ceased 

before the fragmental character has been wholly effaced. | 

In this process one of the first stages 1s often the resolu-— 

tion of the clastic grains into crystalline aggregates from | 

which new minerals are built up. Thusthe quartz-grains_ 

have had their surfaces so altered that an envelope of 

From ordinary unaltered fossiliferous sand- 
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twinned felspar microliths has formed round them. 
These bodies lie approximately normal to the surface of 
the residual kernel, which they actually penetrate like 
pins set in a cushion. Zoisite also, which is present in 
nearly all the altered sandstones, as a product of meta- 
morphism, sometimes pierces the quartz from outside. 
Augite and hornblende have likewise been developed, 
not infrequently as microliths, which, though grouped 
together in one common crystallographic outline, are not 
united. 

Further stages of change are described as occurring in 
certain rocks where the fragmental character, though to the 
unaided eye still traceable, is found to have been replaced 
by an entirely crystalline structure, giving rise to rocks 
which must be classed with the diabases. These masses 
sometimes have their pyroxene in the form of diallage, 
and are destitute of olivine, but usually contain much 
zoisite and frequently also hornblende. Diorites of similar 
origin occur, sometimes with a predominance of horn- 
blende as in true amphibolites. 

The shales are silicified and intersected by innumerable 
quartz-veins, in which, or projecting from their walls, are 
frequently abundant zoisite crystals. Yet the meta- 
morphism has not destroyed the microscopic fossils con- 
tained in the strata. But the most remarkable example 
of metamorphism cited by Mr. Becker is the conversion 
of these same felspathic sandstones into serpentine—an 
alteration referred to in Prof. Whitney’s description of 
this region. He asserts that field observation con- 
clusively proves the great mass of the serpentine, 
estimated altogether at more than 1000 square miles, to 
have been made out of the sandstones, either immediately 
or through an intermediate granular rock. Sections are 
seen where sandstone shades off into serpentine, and 
areas of highly-inclined sandstones pass along the strike 
into the same rock. In this conversion, the change begins 
along the cracks, working toward the centres of the 
included fragments, and producing a structure like that 
seen in decomposing olivine. The felspar fragments are 
corroded externally, their cracks being irregularly widened 
and filled with serpentine which sometimes projects as 
teeth into the clear felspathic mass. Even the quartz- 
grains have not been able to resist the alteration, but may 
be seen with their outer parts replaced by serpentine, 
which likewise penetrates their interior in long slender 
green needles. 
pentine, and the same transformation may be surmised 
in the case of mica and garnet. Mr. Becker states that 
chemical analyses and microscopic tests demonstrated 
that the serpentine diffused through the sandstones and 
forming the massive exposures is all the same mineral. 
He will no doubt in due time produce the detailed evi- 
dence on which his statements are founded. In the 
meantime he will of course be prepared for much scepti- 
cism and even for angry denial of his results. The careful 
elucidation of the problem he has attacked cannot but be 
of enormous service in throwing light upon the vexed 
question of metamorphism. He claimsthat the rocks which 
he has been investigating furnish a colossal example of 
regional metamorphism of which all the successive stages 
can be studied. Many thousands of square miles of rock 
have been subjected to such intense lateral compression 
that they have been utterly shattered, the average size of 
the unbroken lumps not being greater than that of an egg. 
In rocks thus crushed warm interstitial water would have 
potent chemical reactions. Warm basic solutions are 
believed to have first been produced, and to have con- 
verted the sandstones and some of the shales into holo- 
crystalline compounds containing augite and hornblende. 
Serpentisation is supposed to have followed at a lower 
temperature, while silicification came last, as the solutions 
finally became acid. Geologists will await with im- 
patience the appearance of the monograph in which 
these conclusions are maintained. 

Apatite has also been replaced by ser- | 

THE COMPOSITION OF THE EDIBLE BIRD S- 
NEST (COLLOCALIA NIDIFICA) 

HE nature of the material which forms the edible 
bird’s-nest has been the subject of some controversy. 

In 1817 Sir Everard Horne (Phzl. Trans., 1817, p. 337) 
suggested that it is the product of the activity of certain 
glandular structures which he figures in his paper, and 
which he associates with the gastric glands. In the 
“Origin of Species” (6th ed., p. 228) Darwin indorses 
the view of its being entirely a secretion by the bird, 
speaking of it as ‘“‘inspissated saliva,” and showing how 
the amount of saliva devoted to nest construction differs 
with different species. He mentions in particular a 
North American species which he says “ makes its nest 
(as I have seen) of sticks agglutinated with saliva and 
even with flakes of this substance.” Writing at about the 
same time, Bernstein (fournal fiir Ornithologie, 1859, 
p- 111) connects the nature of the material with certain 
developments of the bird’s salivary glands, which he says 
are noticeable during the nest-building season. 

On the other hand, it has been maintained by many 
observers that the nest of this species of swift is con- 

Fig! 

Celebes nest. Lamellated structure (mag. 59 diam.). 

structed similarly to the North American species referred 
to by Darwin, the chief difference being that instead of 
sticks the bird uses certain alge which are found in con- 
siderable masses on the walls of the caves which they 
frequent in the breeding season. Other alge also have 
been suggested as those used. 

It has further been supposed that the alge are par- 
tially digested before being utilised, and that after re- 
gurgitation the material so acted on is worked up into the 
form of the nest. 
A suggestion was made by Mr. E. L. Layard, H.M. 

Consul in New Caledonia, in a letter to NATURE, Sep- 
tember 17, 1884 (p. 82), which seemed to reconcile the 
conflicting theories. He says that the first quality of 
nest which is produced early in the breeding season con- 
sists entirely of animal secretion, but that later on, if the 
first nests are destroyed, the birds cannot replace them 
by this secretion alone, and so use extraneous substances 
to help in the construction. The second and inferior 
qualities of nest are so formed differently from the first. 

In a paper published in the Fournal of Physiology 
(vol. vi. p. 40), | have given the results obtained from an 
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examination, both microscopic and chemical, of the nests 
used for soup at the Health Exhibition of 1884. Since 
then I have had, by the kindness of Mr. W. T. Thiselton 
Dyer, Director of the Royal Gardens, Kew, the oppor- 
tunity of examining various specimens of the nests, 

Fig.2 

Borneo nest. No alga present (mag. 200 diam ). 

obtained from other places than the first-named, and 
differing from one another in quality. 

The results of my experiments on these nests do not 
modify in any essential particular those which I had 
obtained before from the first ones examined. After pro- 
longed soaking all alike became gelatinous in texture, and 

Celebes nest. Alga present (mag. 200 diam.). 

then were easily seen to be made up of laminz affixed by 
their faces to each other. Whether the observation was 
made by teasing with needles or by cutting sections, this 
laminated structure was very evident. Fig. 1 is a section 
of a nest from Celebes, enlarged about 50 diameters. 
The lamin are fairly regular in disposition, and show 

no trace of any vegetable structure between them or in 
their substance. Here and there may be noted small 
granular bodies resembling epithelium cells. These are 
seen more distinctly in Fig. 2, which is a section of a nest ~ 
of inferior quality from Borneo enlarged 200 diameters. 

Another nest, also from Celebes, but marked as being 
of inferior quality showed the presence of alga. A sec- 
tion of this, taken from the part where the greatest 
quantity was found, is shown at Fig. 3, the enlargement 
being again 200 diameters. The presence of the alga in 
this inferior nest seems at first to bear out Mr. Layard’s 
suggestion, but an examination of the mode in which it 
is disposed in the nest-substance does not confirm his 
view of its being here even an agglutination of alge 
because the supply of saliva had failed. The alga-cells, 
though fairly numerous, are not in large quantity when 
compared with the amount of nest-substance, nor are 
they regularly placed in layers as would be the case if 
agglutinated as suggested. Their somewhat scanty 
amount and their irregular position would be better 
accounted for on the theory of their being accidental 
constituents. In many sections debris of one kind or 
another mixed with the secretion is not at all infrequent, 
small feathers being the most numerous. In the nest in 
question the alga was not present throughout, many 
sections showing none, others a little, the quantity vary- 
ing very much. The amount found may perhaps be con- 
nected with the feeding of the birds, and result from 
debris of food remaining in the mouth, and so mixed up 
with the secretion next produced. 

The nest-substance gave no micro-chemical reactions 
that could connect it at all with cellulose, so that it 
could not be formed by the partial digestion of the alga 
and regurgitation of the resulting matter. On the other 
hand, it did give very striking evidence of its close 
relationship with the body mcm described by various 
authors,' and well known as a product of the animal 
body. The reactions obtained with the first material 
used (that from the Health Exhibition) were confirmed 
completely by the experiments made upon the nests from 
Kew. Jos. R. GREEN 

Physiological Laboratory, Cambridge 

NOTES 

Mr. ApDsamM Sepcwick, M.A., Fellow and Lecturer of 

Trinity College, Cambridge, has been nominated by the Presi- 

dent and Council of the Royal Society to be recommended for 
election by the Society on June 4, in place of the late T. R. 
Lewis, one of the selected candidates, who died soon after the 

selection was made. 

SINCE our last week’s note the eruption of Mount Etna has 
gone on increasing in violence. Acorrespondent of the Standard 
sends some valuable notes on the progress of the eruption. 

Under date Catania, May 19, 8.40 a.m., he writes :—“ The erup- 
tion of Mount Etna assumed alarming proportions last evening 
at 5 o'clock. Earthquake shocks were felt in all the communes ” 

in the immediate vicinity of the volcano, At Zafferato, where 
the shocks appear to have been attended with upheaval of the 
soil, the disturbance is described as being so severe that the 

panic-stricken inhabitants fled from the neighbourhood. In the 
district of Bronte heavy showers of sand descended, and a 
gigantic column of thick black smoke was seen to emerge from 

the central crater of Etna towards the west.” ‘‘1o0 a.m. An 
eruption has occurred near Nicolosi, to the north-west of Monte- 
grosso, quite as severe in character as that of 1883. The lava 

has begun to stream down towards Nicolosi, accompanied by 

severe shocks of earthquake. 10.55 a.m. In addition to the 

® Bichwald, ‘‘ Ueber das Mucin besonders der Weinbergschnecke,” Aznad. 
Chem. Pharm., cxxiv. 1865, pp- 177 to 211. Obolensky, ‘‘ Ueber Mucin 
aus der Submaxillardriise,” Pfluger’s Avchzv, vol. iv. p. 336. 
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eruption which has taken place in Etna itself another one 

occurred about 2 a.m. in Prince of Naples Mount, situated 
about 9 kilometres north-east of Nicolosi. This is one of the 

‘red’ mountains, formerly volcanic, but which has hitherto been 

regarded as exhausted. The lava is running in two streams 

towards the open country. Repeated and very severe shocks of 

earthquake are being felt in the vicinity of Etna. 11.55 a.m. 

A short time ago a severe shock of earthquake of an undulating 

kind was felt. The eruption of Prince of Naples Mount is in- 
creasing in severity. The lava is running rapidly in a double 
stream towards Nicolosi, to the great danger of the town. Panic 
amongst the inhabitants.” ‘‘ Nicolosi, May 19, noon. The 

eruption is assuming terrific proportions. The lava has ad- 
vanced over 3 kilometres in 8 hours, continuing its course 
steadily towards Nicolosi. From the central crater, where 

the eruption is still very active, the lava is flowing towards 

Montegrosso.” ‘* Catania, May 19, 2 p.m. The eruption 
threatens the destruction of the western portion of the Etna 
forests. Last night several volcanic rents occurred between 

Nicolosi and Pedara. May 20. Eleven craters have been 

opened, of which three have assumed enormous proportions. 
The lava is advancing rapidly. In some places the stream is 

200 metres broad. The central crater, however, emits only 

vapour and cinders.”  ‘‘ Nicolosi, May 20. Three of the 
craters are raging fearfully, emitting huge stones to a consider- 

able height, and the roar and tumult is terrible. The lava is 

advancing rapidly, but for the present it is uncertain what direc- 
tion it may take, whether towards Nicolosi or Belpasso. Shocks 

of earthquake still continue, but they are less severe in charac- 
ter. The craters are situated behind Montezzano, in the valley 

between that place and Montenero, The people of the district 
assert that they can remember no eruption so sudden and alarm- 
ing as this has been. The scene is indescribable. The streams 

of lava are in some places more than 200 metres in width. The 
central crater on the summit continues to yomit larze columns of 

smoke ; but from this, according to Prof. Silvestri, no danger is 

to be apprehended.” ‘‘Acireale, Miy 20. Last evening, 
through the night, and this morning, many shocks of earthquake 
were felt at Piedimonte, Acisantangelo, Linguaglossa, and Aci- 

reale.” ‘‘Catania, May 20. This morning, with a severe 

shock of earthquake, the volcanic orifice which was so active 

in 1883 was reopened.” ‘‘ Nicolosi, May 20. The activity of 
the central crater is increasing. Montegrosso is the principal 
site of eruptive force. Great alarm exists among the inhabitants, 

and the houses most likely to be in danger are being evacuated. 
The local authorities are on the spot.” On Sunday the eruption 

had greatly diminished, but on Monday morning it broke forth 
with great violence, and a fresh crater sent out a stream of lava 
150 metres wide and 23 deep towards Nicolosi. On Monday 

evening the news was very disquieting. The violence of the 

eruption was then greatly increasing, and Nicolosi seemed 
doomed to destruction. The noise at a considerable distance is 
described as resembling a continuous cannonade. 

AT the meeting of the Paris Academy of Sciences on Monday, 

M. de Lesseps asked for the appointment of a committee to 
report on the alleged difference of sea-level on the two sides of 

the Isthmus of Panama. A similar objection to the Suez Canal 

had, he said, proved unfounded ; and if the present objection 

were also disposed of, no locks would be necessary in the canal. 

On the motion of Admiral Jurien de la Graviere, who suggested 
that the tides might be higher on one side cf the Isthmus than 
on the other, the question was referred to the navigation and 
astronomy sections. Meantime it is stated that the Technical 

Commission to whom M. de Lesseps had referred certain ques- 

tions have affirmed unanimously that there is no insurmountable 
difficulty to the completion of the Canal according to the tech- 

nical programme adopted by the Company—that is to say, that 

there will be no necessity to construct the Canal with locks, the 

level of the two oceans being the same. 

THE committee for the celebration of the centenary of Arago 

will issue shortly an appeal for subscriptions to erect a statue to 
the celebrated astronomer on the Place St. Jacques. A new 

boulevard will be opened in the direction of the meridian for 

connecting Paris and Montsouris Observatories. 

A COUNTY Scientific Society for Middlesex has been consti- 

tuted, to which both ladies and gentlemen are eligible. The 
Right Hon, Viscount Enfield, Lord-Lieutenant of the county, 
has consented to be the President of the Society ; and the Right 

Hon. the Earl of Crawford and Balcarrés, the Right Hon. the 

Earl of Aberdeen, the Right Hon. the Marquis of Ripon, Prof. 
T. H. Huxley, Sir John Lubbock, Prof. W. H. Flower, Sir 

Frederick Abel, and Dr. Archibald Geikie having intimated to 
the Provisional Committee their approval of the scheme and 

their readiness to become Vice-Presidents of the Society, were 

at the meeting constituting the Society elected to this office. 
The following gentlemen were elected members of the Council 
of the Society, the list to be subsequently increased : —W. Lant 

Carpenter, Herbert Druce, J. N. Dunning, E. Fitch, G. 

Griffiths, R. B. Hayward, J. Logan Lobley, Rev. Dr. C. 

McDowall, Wm. Simpson, Rev. Dr. F. A. Walker, Rev. J. 

Crane Wharton, W. Mattieu Williams. It is intended that the 

Society shall hold monthly meetings (evening) from about 

October to May, and field-meetings during the summer months. 

Names of ladies or gentlemen desirous of joining may be sent to 
the Hon. Secretary, Mr. Sydney T. Klein, Clarence Lodge, 

Church Road, Willesden, N.W. 

Tue eleventh public annual meeting of the Sunday Society 

was held on May 22. Sir Henry E. Roscoe, M.P., F.R.S., 

took the chair as President for the year. Mr. Mark H. Judge 

read the annual statement, pointing out the progress that had 

been made during the year in accomplishing the objects which 

the Society has in view. Sir Henry Roscoe, in his Presidential 

Address, quoted copiously from the utterances of past Presidents 

and of eminent men in all departments on behalf of the opening 
of museums, art galleries, and similar institutions on Sunday, 

Having had the honour, Sir Henry said, to serve on the Royal 
Commission on Technical Instruction, he had had full oppor- 
tunity of observing the effects of the Sunday opening of the numer- 

ous museums, industrial, artistic, and scientific, which exist in 

Continental countries, and he stated that aftersuch observations the 

unanimous conclusion to which the Commissioners arrived was 

that the influence which the opening of these museums on Sun- 

day exerted, not only upon the industrial progress of those 
countries, but upon the moral and intellectual condition of their 
peoples, had been in the highest degree satisfactory. And so 

forcible was the evidence on this head then brought before them, 

that the Commis ioners placed a distinct recommendation at the 
close of their Report, to the effect that museums of art and 

science and technological collections in this country should be 

opened to the public on Sundays. They point out in their 
Report that, in respect to museums, the people of this country 
stand in a position of great disadvantage as compared with Con- 

tinental nations, and that to the influence of these collections, 

as regards the direct bearing they have on art and industrial 

training, is due much of the abundance of art resource so 
advantageous to many Continental industries and manufactures. 
Almost all these Continental art galleries and mu-seums are 

opened to the public freely on Sundays, and Sir Henry had yet to 
learn that opposition has been anywhere raised to this, or 

that any objectionable features have there been introduced. 

Sunday opening in the United Kingdom, so far as it has gone— 
and that isa long way—has had an effect the reverse of that 
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anticipated by its opponents : museums, galleries, and 
libraries have been open on Sundays in thirteen towns for 
some years, with such success that the only opposition in those 

towns is one which does not show itself in public. The town 

of Oldham is now trying the experiment of Sunday opening for 

four Sundays, to-morrow being the second Sunday; and Sir 

Henry had a letter from the Mayor of that important northern 
town, stating that on last Sunday crowds of well-behaved per- 

sons passed through the gallery, and that he is satisfied of the 

importance and good influence of the movement. Sir Henry 
concluded :—‘‘ We challenge the Sabbatarian party to be true to 
their own opinions, as we are to ours. We ask for more of 

what we say has been a blessing. They refuse their assent on 

the plea that Sunday opening fer se is a curse. They show by 

their actions that they are only half believers in their own state- 
ments. We challenge them to take a vote on the direct ques- 
tion as to whether those museums and galleries now open 
should remain open or not.” The meeting authorised the 
Committee of the Society to send a memorial to H.R.H. the 

Prince of Wales, requesting that in the interest of the com- 
munity the Colonial and Indian Exhibition should be opened on 
a few Sundays by free tickets. 

Mr. EDGAR CROOKSHANK writes, with reference to our article 

on the Royal Society sozrée last week, to say that by a slip the 
exhibition of micro-photographs and preparations of Bacteria 

were assigned to his friend Mr. Cheshire. The collection of 

photographs was exhibited by request, and represent many 
months’ work in endeavouring to overcome the difficulties of | 

obtaining satisfactory results with the use of high powers 
(1-25th, 1-18th, and 1-12th, 0.1.). In many cases of preparations 

of Bacteria, such as cover-glass freparations, and especially the 

so-called zmpression-preparations, and particularly where there is 
much detail, Mr. Crookshank maintains that photography is the 
only satisfactory means for obtaining an accurate picture. In such 
cases photography excels in affording us absolute faithfulness. 

THE hybrid trout reared at the South Kensington Aquarium 
from the ova of the sea-trout, .S. “wa, impregnated with the 

milt of the common trout, .S. favo, in December last, show un-_ 

mistakable signs of hardihood. Comment has been made pre- 
viously in this journal upon the subject, as the facts adduced 

evidence the capacity of Salmonidz to give-ova without descend- 
ing to the sea. There has been a much less percentage of 
mortality not only amongst the ova but the fry. At the present 
time they are located in a special pond at the Delaford Park 
Fishery belonging to the National Fish Culmre Association, 
where they continue to thrive exceedingly well. They were 
encouraged to feed after losing their sac sooner than other 
species of fry ; and without exception are growing rapidly. 

ON Saturday last 12,000 Severn salmon fry were turned into 
the River Dee. 

Board, and hatched out by the National Fish Culture Associa- 
tion. A large number of the same species will be deposited 
this week in the Severn, having been reared at South Kensington 
for this purpose. 

THE additions to the Zoological Society’s Gardens during the 
past week include a Rhesus Monkey (J/acacus rhesus) from 

India, presented by Capt. Boyle; ‘two Squirrel Monkeys 

(Chrysothrix sciurea) from Brazil, presented by Mr. George 

Liddell ; a Pig-tailed Monkey (A/acacus nemestrinus) from Java, 

presented by Mrs. F. E. A. Prince; three Speckled Terrapins 
(Clemmys guttata), seven Painted Terrapins (Clemmys ficta), a 

Sculptured Terrapin (Clemmys insculpta), eleven Striped Snakes 
(Tropidonotus sirtalis), three Ribbon Snakes (Zropidonotus 

saurita), seven Dekays Snakes (/schnognathus dekayi), four 

Grass Snakes (Cyclophis vernalis) from North America, pre- 
sented by Mr. Samuel Garman, C.M.Z.S.; three Spanish 

Terrapins (Clemmys Jleprosa), European, presented by Mr. ! R.A. rth. 55m., Decl. 8° 55’ N. 

The ova were spawned by the Severn Fishery } 
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Cuthbert Johnson; a Quail (Coturnix communis), European, 
presented by Mr. Kenneth Lawson ; four Menobranchs (A/eno- 
branchus lateralis) from North America, presented by Prof, 

Ramsay Wright ; two Wild Ducks (Aas doschas), British, pre- 

sented by Mr. G. Edison; a Common Viper (Viera berus)> 

British, presented by Mr. Percy E. Coombe; a Macaque 
Monkey (Macacus cynomolgus) from India, deposited; two 
Spotted Hyzenas (Hyena crocuta) from South Africa, two Ruffs 
(Machetes pugnax), three Viperine Snakes ( 7ropidonotus viper- 

inus), European, two Lion Marmosets (A/idas rosalia), a Spotted 

Cavy (Celogenys paca), two Ariel Toucans (Ramphastos ariel). 

two Crested Curassows (Crax alector), a Zenaida Dove (Zenatda 
amadilis) from Brazil, purchased ; four Bernicle Geese (Bernicla 

iucopsis), European, received in exchange; a Gayal (Bibos 

frontalis), an African Wild Ass (Zguus teniopus), a Japanese 

Deer (Cervus sika), born in the Gardens. 

OUR ASTRONOMICAL COLUMN 

THE HELIOMETER OF THE YALE COLLEGE OBSERVATORY. 
—From Dr. Elkin’s report of the work done during the year 
ending June 1, 1885, we learn that the principal object of re- 
search has been the triangulation of the Pleiades, to which work 
the heliometer was devoted from September 1884 to March 1885. 
It was originally intended to confine the investigation to the 
stars measured at Konigsberg and to carry out only one method 

The scheme has been extended, however, to 
include all the stars in the Bonn Durchmusterung, within certain 
limits, down to magnitude 9°2, making sixty-nine stars in all, 
and also to obtain a determination of the relative positions of 
the stars which should be strictly comparable with the Konigs-- 
berg work, viz. measurement of distances and angles of position 
of the stars from Alcyone. The observations have all been 
reduced provisionally ; the final reduction cannot be undertaken 
until the results of the meridian observations of the end stars 
of two zones serving to determine the scale value and zero of 

| position have been received from the observatories which have 
consented to make them. Measures of the moon from neigh- 
bouring stars have also been made on thirty-six nights near the 
first and last quarters, and the diameter of the moon has been 
measured at opposition on seven occasions. Observations have 
also been made of the diameter of Venus, the outer ring of 
Saturn, and of Titan referred to its primary. It is now proposed 
to devote the heliometer to systematic investigations in stellar 
parallax, and, judging from the results which have been obtained 
by Gill and Elkin at the Cape, we may expect that most valu- 
able work will be done in this direction with the heliometer at 
Yale College also. 

ECLrpsE OF JUPITER’S FouRTH SATELLITE.—Mr. Marth 
pointed out some two years ago, in a paper read before the 
Royal Astronomical Society (A/enth/y Notices, vol. xliv. p. 241), 
the importance of observing those eclipses of the fourth satellite 
of Jupiter which commence or end a series, in order to obtain 
data for correcting the tables. A slight error in latitude shows 
itself very strikingly on such occasions in the duration of the 
eclipse. Such observations are unfortunately very rare, the 
Greenwich eclipse observations from 1836 to 1883 not affording 
a single instance of an observation which will assist in correcting 
the latitude. Mr. John Tebbutt, Windsor, New South Wales, 
noticing that two of the last eclipses of the cycle just closed 
were visible in New South Wales, drew attention to these facts 
in the Sydney Morning Herald for March 27. We learn from a 
communication in the number for April 1 of the same paper that 
Mr. Tebbutt was successful in his own observations of the phe- 
nomenon. The disappearance of the satellite took place at 
14h. 38m. 34s. Windsor mean time, or 15m. 43s. defore the 
time given in the Wautical Almanac. The reappearance, on the 
contrary, was 8m. 55s. /a¢e, the duration thus being 244m. 
longer than the predicted time. Mr. Russell, at Sydney, noted 
that the satellite had already disappeared when he began to 
observe, quite six minutes before Mr. Tebbutt lost sight of it. 
Mr. Tebbutt was convinced, however, of the accuracy of his 
now observation. 

A New Comet.—Mr. W. H. Brooks, Red House Observa- 
tory, Phelps, New York, discovered a bright comet on May 23, 
15h. Greenwich mean time. Its position was as follows :— 
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ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 MAY 30—F$UNE 5 

( OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Greenwich on May 30 

Sun rises, 3h. 52m. ; souths, rth. 57m. 15°7s. ; sets, 20h. 2m. ; 
decl. on meridian, 21° 48’ N.: Sidereal Time at Sunset, 
12h. 35m. 

Moon (New on June 2) rises, 2h. 37m. ; souths, gh. 20m. ; sets, 
16h. 14m. ; decl. on meridian, 7° 36’ N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h, m. omy 

Mercury 3 20 TORS Siar cue lS. 3 Ours ti TES ONE 
Venus ... 2022 9 5 15)-48) we 7) ASUNE 
Mars nie BY) 18 35 TeIg* 3) 6ra4eNe 
Jupiter... D205 ne eho el DPSS ease edz SORNG 
Saturn .. EPSON cen TA) 22 12 22 46 N. 

* Indicates that the setting is that of the following morning. 

May h. 

BOMec cc el Venus in conjunction with and 1° 18’ north 
of the Moon. 

June 

i ey UG) Saturn in conjunction with and 4° 1’ north 
of the Moon. 

Variable Stars 

Star R.A. Decl. 
hom. ones h. m. 

wiGephei, <-: © 52:2)... 89 16 N. ... May 30, 2 57 m2 
June's; 2) 37/7 

S Cancri - 8 374... 19 17 N. ... May 31, 22 12 7 
S Bootis Bec VAN LMR ek 5420 Nepeesn memes M 
6 Librae --» 14 54°99... 8 4S. ... May 30, 1 16 m 
U Coronz ... 2 LS LetOms se) UNS ee pee eV Ss) See 
R Herculis ... 16) fr... 18 40 N.... June 2; M 
U Ophiuchi... W7ALOi8 25) TN2ONN -2, Mayigr) 3) ou 

and at intervals of 20 8 
X Sagittarii... ... 17 40°4...27 47S. .. June 5, 220M 
W Sagittarii 3 WW SYPtS ors 22) IS, Sb ons py BE BIO) aie 
ORS 2pittariieecseesnelS 025)2)07. 10) T2iSaeen0y,) | lv oNeOwys 
8 Lyre... 3, HES ZI Reno ge) LING Goya IS HNL 

M signifies maximum 3 7 minimum, 

Meteor Showers 

The shortness of the nights at this season of the year greatly 
interferes with meteor observation, and no great periodical 
shower occurs at this time. Meteors from the following radiants 
amongst others have been observed. Near Cor Caroli, R.A. 
206°, Decl. 39° N. ; near e Coron, R.A. 240°, Decl. 25° N. ; 
near 8B Lyre, R.A. 280", Decl. 29° N.; near « Cephei, R.A. 
289°, Decl. 80° N. 

Stars with Remarkable Spectra 

Name of Star R.A. 1886'0 Decl. 1886'o Type of 
ns ig ° ; spectrum 

407 Birmingham 5 By) ivy 2 15°4 N. IIl. 
D.M. + 17° 3241 D7EZ2ONAD) oo Lise DAN ee eS 

2 Sen) oie ouch Arg. Oeltzen 17681 ... 18 I 7 ... 21 16°3S. ‘Ve dines 

D.M. +43° 2890 ErnGine S| 20... s4ge2O53NE Ill. 
458 Birmingham ..._ ... 18 38 51 ... 36 50°7 N. IV. 
464 Birmingham ... ... 18 43 43... 8 2°0S. ... IV. 
8? Lyre . ese) L8)50) 30)"---) 30) 4502 IN III. 
RlLyre . i LO Ge h20n Asia cOuNe IIT. 
222¢ Schjellerup 18 58 18 G Gas, IV. 

GEOGRAPHICAL NOTES 

In his presidential address at the annual meeting of the Royal 
Geographical Society on Monday, the Marquis of Lorne, 
referring to the matter of geographical education, said that the 
interest excited in the subject by the Society’s recent action has 
been so great, and the expectation that the Society will con- 
tinue it by taking some positive ste, s towards encouraging im- 
provements in the position of geography in schools and Univer- 
Sities is so general, that the Council have felt encouraged and 
indeed bound to carry the scheme further. The Educational 
Committee of the Society therefore made certain suggestions to 
the Council, which are now under consideration, and will pro- 
bably be adopted. The principal of these suzgestions relates to 

the appointment of a lecturer in geography to deliver courses 
where the Council may direct, In this matter the Council will 
take suitable steps to obtain the co-operation of the Universities 
of Oxford and Cambridge. In order still further to encourage 
the scientific study of geography at the Universities, the Com- 
mittee suggest that a prize or travelling scholarship be given 
every alternate year to a student who has shown marked ability 
in geographical subjects, and who may desire to visit one of the 
less-known districts of Europe, or the Mediterranean or Black 
Sea shores, and any results be communicated to the Society. 
One or other of the annual grants which are at the Society's 
disposal might be devoted to this purpose. Another suggestion 
is aimed at reaching the intelligent middle and working classes 
through the medium of the University Extension Scheme. For 
this purpose a small annual grant is proposed. Another is that 
a medal be given by the Society to the student reported by the 
examiners to have done best in physical geography in the first 
part of the Natural Sciences Tripos (Honours Examination). 
And finally, in order that all classes of schools may be reached, 
it is proposed that prizes be offered for competence in geography 
to the students at the various training-colleges. ‘*Here we 
reach the fountain-head of education, and if we can secure ade- 
quate attention to geography in the institutions which send forth 
yearly troops of teachers to our Board and elementary schools, 
the Society will have accomplished much. It is evident, then, 
that the Society has already accomplished a great deal. The 
mind of the public has been aroused and greatly enlightened on 
the subject ; our best schools and Universities have expressed 
their willingness to co-operate as far as possible in carrying out 
improvements ; and there can be little doubt that our proposed 
further action will bring results which the Council and all in- 
terested in geography have long desired.” 

IN a paper contributed to the Bulletin of the Moscow Society 
of Naturalists (1885, No. 2) M. Smirnoff continues his most 
valuable delimitation of the vegetable zones of the Caucasus, 
which forms an introduction to a flora of the vascular plants of 
the region. He subdivides Transcaucasia into several zones, 
the central zone extending east to the meridian of Shemakha. 
This limit does not correspond to any orographical features, but 
separates from the remainder of Transcaucasia the region sub- 
ject to the influence of the Caspian Sea. The littoral of the 
Black Sea in Transcaucasia is distinguished fron the rest of the 
region by high winter temperatures. As far as lat. 44° N., and 
even at an altitude of 150 metres, the winter is as mild as in 
Provence or in Central Italy, only the setting in of warm 
weather in spring being a little later. But as soon as the chain 
is crossed we find a rapid decrease of the winter temperature, so 
that Yekaterinodar, on the northern slope of the chain, although 
only 20 miles further to the north and 1° of longitude more to 
the east than Novorossiysk, has an average temperature during 
December and January 4° lower. Baku and Lencoran have 
winters very much like those of the Venetian littoral, but 
Derbent shows a sudden decrease of 3°°5 of temperature in 
January, probably due to the influence of ice gathering in the 
northern part of the Caspian Sea, while Petrovsk, only 70 miles 
further north on the same coast, shows a further sudden decrease 
of temperature in January. The ranges of the monthly average 
temperatures of different places show a still greater difference of 
climate. Thus, on the Black Sea coast, south of lat. 44° N., 
and even at Kutais, the difference between the warmest and the 
coldest months does not exceed 18° to 19°; it is the same as at 
Trieste and Athens. But in Ciscaucasia it reaches 25°, and on 
the Caspian littoral it varies from 22°°4 at Baku to 29°°8 at 
Petrovsk. It is still greater on the Armenian plateau (30° to 
35); while in Central Transcaucasia it is generally less than 
25°, and rapidly diminishes with the altitude of the place, 
reaching no more than 19°°5 at Shusha. These few data, to- 
gether with a map of isotherms prepared by M. Smirnoff, give a 
broad general idea as to the climatic conditions of the Caucasus, 
and the consequent distribution of different regions of vegetation 
through the country. 

TELESCOPIC OBFECTIVES AND MIRRORS: 
THEIR PREPARATION AND TESTING } 

Ht would probably lend an additional interest to a technical 
subject such as I have to bring before you to-night, could I 

preface my description of the processes now employed in the 

* Lecture given at the Royal Institution on Friday, April 2, 1886, by 
Mr. Howard Grubb, F.R.S., F.R.A.S. 
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construction of telescopic objectives by a short historical account 
of what has been attempted and achieved in the past, but time 
will not permit. 

A very few words, however, on the history of glass manu- 
facture are necessary. 

As I pointed out last Saturday afternoon, Dollond’s brilliant 
discovery, which afforded a means of achromatising objectives, 
rendered possible their construction of greater size and perfec- 
tion than formerly, provided suitable material could be obtained. 
But the chromatic errors being removed, faults in the material 
hitherto masked by them were detected, and it was not until 
after many years that Guinand, a lowly but gifted Swiss peasant, 
succeeded in producing glass disks of a considerable size and 
free from these defects. 

The secrets of his process have been handed down in his own 
family to M. Feil, of Paris (one of his descendants), and also 
through M. Bontemps, who for a time was associated with 
Guinand’s son, and afterwards accepted an invitation from Messrs. 
Chance bros. and Co., of Birmingham, to assist them in an 
endeavour to improve that branch of their manufacture. Only 
these two houses, so far as I am aware, have succeeded in 
manufacturing optical disks of large size. 

Testing of Optical Glass.—Let me here say a few words re- 
specting the testing of optical glass; I mean of the material of 
the glass, quite apart from the optician’s work in forming it into 
an objective. When received from the glass manufacturer it is 
sometimes in this state, roughly polished on both sides, and 
sometimes in this, in which as you see there are small windows 
only, facets as they are called, polished on the edges. In case 
of lenses for telescopic objectives, it is always well to have them 
roughly polished on the sides, to avoid the chance of having to 
throw away a lens after much trouble and labour has been spent 
on it. 

There are only three distinct points to be looked to in the 
testing of optical glass: (1) general clearness and freedom from 
air-bubbles, specks, pieces of ‘dead metal,” &c. ; (2) homo- 
geneity ; (3) annealing. 

The first is the least important, and needs no instructions for 
detection of defects, any one can see these. The second ismuch 
more important, and much more difficult to test. 

The best test for homogeneity is one somewhat equivalent to 
Foucault’s test for figure of concave mirrors. 

The disk of glass should be either ground and polished to 
form a convex lens, or if that be not convenient, it should be 
placed in juxtaposition with a convex lens of similar or larger 
size, and whose excellence has been established by previous 
experience, 

The Jens or disk is then placed opposite some small 
brilliant light, a small gas flame generally suffices, and at such a 
distance that a conjugate focus is formed at other side and at a 
convenient distance. When the exact position of this focus is 
found, the eye is placed as nearly as possible so that the image 
of flame is formed on the pupil. On looking at it with the 
eye in this position, the whole lens should appear to be ‘full of 
light”; but at the slightest movement to one side the light will 
disappear and the lens appear quite dark. If the eye be now 
passed slowly backwards and forwards between the position 
showing light and darkness, any irregularity of density will be 
most easily seen. 

Of course, like everything else, some experience is neces- 
sary. 

The rationale of this is very obvious. When the eye is placed 
exactly at the focus of a perfect lens, the image formed on the 
pupil is very small, and the slightest movement of the eye will 
cause the light to appear and disappear. If the eye be not at 
the focus, the pencil of light will be larger, and consequently it 
will require a much greater movement of the eye to cause the 
light to disappear. Now if any portion of the lens be of a dif- 
ferent density to the general mass, that portion will have a longer 
or a shorter focus ; consequently while the light flashes off the 
general area of the lens quickly, it still remains on the defective 
portions. 

By imitating this arrangement and substituting a camera for 
the eye and forming the focus of a small point of light on the 
stop of the lens, Ihave succeeded in photographing veins in 
glass, and sometimes have found this useful as a record. 

The third point—that of proper annealing—is easily tested by 
the polariscope. 

For small disks the usual plan is to hold them between the 
eye and a polarising plane, such as a piece of glass blackened at 

back or a japanned surface, and look at them through the facets, 
| using as an analyser a Nicol prism. 

Larger sizes, which are polished on the surfaces, can be more 
easily examined. It is difficult to describe the appearances, but 
I will put a few disks into the lantern polariscope and endeavour 
to point out what amount of polarisation may safely be permitted 
in disks of glass to be used for objectives. 

The composition of metallic mirrors of the present day differs 
very little from that used by Sir Isaac Newton. Many and dif- 
ferent alloys have been suggested, some including silver or nickel 
or arsenic ; but there is little doubt that the best alloy, taking 
all things into account, is made with 4 atoms of copper, and 1 
of tin, which gives the following proportions by weight : copper, 
252, tin, 117°8. 

Calculation of Curves. —Vaving now obtained the proper 
material to work upon, the first thing necessary is to calculate 
the curves to give to the lenses, in order that the objective, 
when finished, may be of the required focus, and be properly 
corrected for the chromatic and spherical aberrations. 

As this lecture is intended to deal principally with the tech- 
nical details of the process, I do not intend to occupy your time 
for more than a few moments on this head, nor indeed is it at 
all necessary. In my lecture last Saturday I explained the 
principles of achromatism, and in many published works full 
and complete particulars are given as to the calculation of the 
curves—particulars which are sufficient, and more than sufficient, 
for the purpose. 

Much has been discussed and written concerning the calcula- 
tion of curves of objectives, and much care and thought has been 
bestowed by mathematicians on this subject, and, so far as the 
actual constructors are concerned, a certain amount of veil is 
thrown over this part of the undertaking, as if there were a 
secret involved, and as if each had discovered some wonderful 
formulze by which he was enabled to calculate the curves much 
more accurately than others. 

I am sorry to have to dispel this illusion. Practically the 
case stands thus. The calculation of the curves which satisfy 
the conditions of achromatism and desired focus is a most simple 
one, and can be performed by any one having a very slight alge- 
braical knowledge in a few minutes, provided the refractive in- 
dices and dispersive power of the glass be known. Both Messrs. 
Chance and Feil supply these data quite sufficiently accurately 
for small-size objectives. | Speaking for myself, I am quite con- 
tent to take the figures as given by these glass manufacturers for 
any disk. up to 10 inches indiameter. If over that size, I grind 
and polish facets on the disk and measure the refractive and 
dispersive powers myself. 

The calculations of the curves required to satisfy the condi- 
tions of spherical aberration are very troublesome, but fortu- 
nately these may be generally neglected. 

Some years ago the Royal Society commissioned one of its 
members to draw up tables for the use of opticians, giving the 
curves required to satisfy the conditions of both corrections for 
all refractive and dispersive indices. 

A considerable amount of labour was expended on this work. 
but in the end it was abandoned, for it was found that the caleu- 
lation of these curves was founded on the supposition that all 
surfaces produced by the opticians were truly spherical ; while 
the fact is, a truly spherical curve is the exception, not the rule, 
The slightest variation in the form or figure of the curve will 
produce an enormous variation in the correction for spherical 
aberration, and it was soon apparent that the final correction for 
spherical aberration must be left to the optician and not to the 
mathematician. Odyect-glasses cannot be made on paper. When 
I tell you that a sensible difference in correction for spherical 
aberration can be made by half an hour’s polishing, correspond- 
ing probably to a difference in the first place of decimals in radii 
of the curves, you will see that it is practically not necessary to 
enter upon any calculation for spherical aberration, We know 
about what form gives an approximate correction ; we adhere 
nearly to that, and the rest is done by figuring of the surface. 

To illustrate what I mean. I would be quite willing to under- 
take to alter the curves of the crown or flint lens of any of my 
objectives by a very large quantity, increasing one and decreas- 
ing the other so as to still satisfy the conditions of achromatism, 
but introducing theoretically a large amount of positive or 
negative spherical aberration, and yet to make out of the altered 
lens an object-glass perfectly corrected for spherical aberration. 

I am now speaking of ordinary sizes. For very large sizes it 
is usual to go more closely into the calculations ; but I may 

———— 
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remark that it is sometimes possible to make a better objective 
by deviating from the curves which give a true correction for 
spherical aberration and correcting that aberration by figuring, 
rather than if the strictly theoretical curves were adhered to. So 
far, then; as any calculation is required, the ordinary formula 
given in the text-books may be considered amply sufficient. 

Having now determined on the curves, we have to consider 
the various processes which the glass has to undergo from the 
time it is received in this form from the glass manufacturer to 
the time when it is turned out a finished objective. 

The work divides itself into five distinct operations: (1) 
rough grinding ; (2) fine grinding ; (3) polishing ; (4) center- 
ing ; (5) figuring and testing. 

4 (1) The rough grinding or approximate shaping of the glass 
is a very simple process. The glass is cemented on a holder, 
and is held against a revolving tool supplied with sand and 
water, and of a shape which will tend to abrade whatever por- 
tions are necessary to be removed to produce the required 
curves. These diagrams will illustrate the various operations. 

(2) Fine grinding. The tools used for fine grinding are of 
this form, and are made of either brass or cast iron.» I prefer 
cast iron, except for very small sizes. They are grooved on the 
face, in the manner suggested by the late Mr. A. Ross, in order 
to allow the grinding material to properly distribute itself. 

If two spherical surfaces be rubbed together they will,- as 
may be supposed, tend to keep spherical; for the spherical is 
the only curve which is the same radius every part of its surface. 
If fine dry abrading powder be used between, the same result 
will be obtained ; but, if wet powder be used, the surface will 
no longer continue spherical, but will abrade away more on the 
centre and edge than in the zone between. It was to meet this 
difficulty that the late Mr. A. Ross devised the idea of the dis- 
tributing grooves. The fine grinding process is the first of the 
series which calls for any skill on the part of the operator. 

That the modus operandi of the grinding be the more easily 
__ understood, let me explain the principle of the process in a few 
words. 

When two surfaces of unequal hardness are rubbed together 
with emery powder and water between the two, each little 
particle of the powder is at any given moment in either of these 
conditions: (a) embedded into the softer surface ; (4) rolling 
between the two surfaces; (c) sliding between the two 
surfaces. 

Those particles which become embedded in the softer material 
do no work in abrading it, and but little in abrading the harder. 

__ They generally consist of the finer particles, and are kept out of 
action by the coarser which are rolling or sliding between the 
surfaces. Further, those that are purely rolling do little or no 
work. The greater part of the work is performed by those 
particles which are facetted and which s/ide between the two 
surfaces. 

As the grinder is always of a much softer material than 
the glass, there is much more friction between the grinder and 
these particles than between the glass and the same particles, 
and therefore they partially adhere to the grinder and are carried 
by it across the face of the glass. This being so, it is now easy 
to perceive what the best conditions for rapid grinding are. Not 
too little emery, for then there will not be enough of abrading 
particles ; not too much, for then the particles will roll on each 
other and tend to crush and disintegrate each other instead of 
abrading the glass, but just sufficient to form a single layer of 
particles between the grinder and the glass surface. 

In the grinding of the small lenses, I mean up to 5 or 6 
inches diameter, it is usual to carry out the entire grinding pro- 
cesses by hand ; above that size by machinery. Surfaces up to 
12 or even 15 inches can be ground by hand; but the labour 
becomes severe, and for my part Iam gradually reducing the 
size for which the hand grinding is used, as I find the machine 
work more constant in its effects. 
' The machinery used is the same as that employed for the 
polishing operation, and I shall describe it under that head 
further on. 5 

In the fine grinding operation by hand, the glass is usually 
cemented on to a holder of this form, having (for smaller sizes) 
three pieces of cork, to which the lens is attached, and this 
holder being screwed to a spud or nose on top of a post screwed 
to the floor. The operator, having applied the proper quantity 
of moist emery powder between the grinder and the glass, pro- 
ceeds to work the former over the latter in a set of peculiar 
‘strokes, the amplitude and character of which he varies accord- 

ing to circumstances, at the same time that he changes his 
position round the post every few seconds... . 

Although, as I have shown, the harder material is abraded 
very much more than the softer, yet the softer (the grinder) 
suffers considerable abrasion as well as the glass, and the skill 
of the operator is shown by the facility with which he is able to 
bring the glass to the curve of the grinder without altering the 
curve or figure of the latter. 

It is even possible for a skilled operator to take a lens of one 
curve and a grinder of, say, a deeper curve, and by manipulation 
to produce a pair of surfaces fitting together, and of shallower 
curves than either. 

Measurement of the Curves.—In the early stages of grinding, 
gauges of the proper radius, cut out of sheet brass or sheet steel, 
are used for roughly testing the curves of the lenses ; but when 
we get to the finer grinding process it is necessary to have 
something much more accurate. 

For this purpose a spherometer is used. It is made in various 
forms, generally with three legs terminating in three hardened 
steel points, which lie on the glass, and a central screw with fine 
thread, the point of which can be brought down to bear on the 
centre of the glass. In this way the versed sine of the curve for 
a chord equal to diameter of circle formed by these points is 
measured, and the radius of curve can be easily calculated from 
this. 

I do not find the points satisfactory for regular work. They 
are apt to get injured or worn, and for ground surfaces are a little 
uncertain, as one or other of the feet may find its way intoa deep 
pit. This particular spherometer has three feet, of about half 
an inch long, which are hardened steel knife-edges forming three 
portions of an entire circle. In using this it is laid on the surface 
to be measured, and the screw with micrometer head is turned 
till the point is felt to touch the surface of glass. This scale and 
head can then be read off. The screw in this instrument has 
fifty threads to the inch, and the head is divided into roo parts, 
so that each division is equal to 55 of an inch. With a little 
practice it is easy to get determinate measures to 75 of this, 
or satca Of an inch, and by adopting special precautions even 
more delicate measures can be taken, as far probably as 
soters OT gscsaa Of an inch, which I have found to be prac- 
tically the limit of accuracy of mechanical contact. 

To give an idea of the delicacy of the instrument, I bring the 
screw firstly into contact with the glass. Now the screw is in 
good contact ; but there is so much weight still on the three feet, 
that, if I attempt to turn it round, the friction on the feet oppose 
me, and it will not stir except I apply such force as will cause 
the whole instrument to slide bodily on the glass. Now, how- 
ever, I raise the whole instrument, taking care that my hands 
touch none of the metal-work, and that the screw be not dis- 
turbed. I lay my hands for a moment on part of the glass 
where centre screw stood, and thus raise its temperature 
slightly, and on laying the spherometer back in the same place, 
you now see that it spins on the centre screw, showing how 
easily it detects what to it is a large lump, caused by expansion 
of the glass from the momentary contact of my hand. 

Flexure.—One of the greatest difficulties to be contended 
with in the polishing of large lenses is that of flexure during 
the process. 

It may appear strange that in disks of glass of such consider- 
able thickness as are used for objectives, any such difficulty 
should occur; but a simple experiment will demonstrate the 
ease with which such pieces of glass can be bent, even under 
such slight strain as their own weight. 
We again take our spherometer and set it upon a polished 

surface of a disk of glass of about 7} inches diameter and 3 inch 
thick. I set the micrometer head as in the former experiment 
to bear on the glass, but not sufficiently tight to allow the instru- 
ment to spin round. ‘This has now been done while the glass, 
as you see, is supported on three blocks near ils periphery. I 
now place one block under the centre of disk and remove the 
others thus, and you see the instrument now spins round on 
centre screw. 

It is thus evident that not only is this strong plate of glass 
bending under its own weight, but it is bending a quantity easily 
measurable by this instrument, which, as I shall presently show, 
is quite too coarse to measure such quantities as we have to deal 
with in figuring objectives. 

After this experiment no surprise will be felt when I say that 
it is necessary to take very special precautions in the supporting 
of disks during the process of polishing, to prevent danger of 
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flexure ; of course if the disks are polished while in a state of 
flexure, the resulting surface will not be true when the cause of 
flexure is removed. 

For small-sized lenses no very special precautions are neces- 
sary, but for all sizes over 4 inches in diameter I use the equili- 
brated levers devised by my father, and utilised for the first time 
on a large scale in supporting the 6-foot mirror of Lord Rosse’s 
telescope. These have been elsewhere frequently described, but 
I have a small set here as an example. 

I have also sometimes polished lenses while floating on 
mercury. This gives a very beautiful support, but it is not so 
convenient, as it is difficult to keep the disk sufficiently steady 
while the polishing operation is in progress without introducing 
other chances of strain. 

So far I have spoken of strain or flexure during the process of 
working the surface ; but even if the surface be finished abso- 
lutely perfectly, it is evident from the experiment I showed you 
that very large lenses when placed in their cells must suffer con- 
siderable flexure from their own weight alone, as they cannot 
then be supported anywhere except round the edge. 

To meet this I proposed many years ago to have the means 
of hermetically sealing the tube, and introducing air at slight 
pressure to form an elastic support for the objective, the pressure 
to be regulated by an automatic arrangement according to the 
altitude. My attention was directed to this matter very pointedly 
a few years ago from being obliged to use for the Vienna 27-inch 
objective a crown lens which was, according to ordinary rules, 
much too thin. 

I had waited some years for this disk, and none thicker could 
be obtained at the time. ‘This disk was very pure and homo- 
geneous, but so thin that, if offered to me in the first instance, 
I would certainly have rejected it. Great care was taken to 
avoid flexure in the working, but, to my great surprise, I found 
no difficulty whatever with it in this respect. This led me to 
investigate the matter, with the following curious results. 

If we call / the flexure for any given thickness 7, and /’ the 
2 

flexure for any other thickness 2’, then 3, ~ ym for any given 

load or weight approximately. But as the weight increases 
directly as the thickness, the flexure of the disks due to their 
own weight, which is what we want to know, may be expressed as 

Ft. 
ft 

Let us now consider the effect of this flexure on the image. 
In any lens bent by its own weight, whatever part of its surface 
is made more or less convex or concave by the bending has a 
corresponding part bent in the opposite direction on the other 
surface, which tends to correct the error produced by the first 
surface. This is one reason why reflectors which have not this 
second correcting surface are so much more liable to show 
strain than refractors. If the lens were infinitely thin, moderate 
flexure would have no effect on the image. The effect increases 
directly as the thickness. If then the flexure, as I have shown, 
decreases directly as the thickness, and the effect of that 
flexure increases directly as the thickness, it is clear that the 
effect of flexure of any lens due to its own weight will be the 
same for all thicknesses ; in other words no advantage is gained 
by additional thickness. 

This has reference, of course, only to flexure of the lens in its 
cell after it has been duly perfected, and has nothing to do with 
the extra difficulty of supporting a thin lens during the grinding 
and polishing processes. 

Polishing.—The polishing process can be, and is often, con- 
ducted precisely in the same manner as the grinding, except that 
the abrading powders used (oxide of iron, rouge, an oxide of tin, 
putty-powder) is of a finer and softer description, and the surface 
of the polishing tool is made of a softer material than the metallic 
grinder. 

Very nearly all my polishing is done on the machine I shall 
presently describe ; but before doing so, I will, with your per- 
mission, say a few words on the general principles of the polish- 
ing process. Various substances are used for the face of the 
polisher—fine cloth, satin or paper, and pitch. Pitch possesses 
two important qualities which render it peculiarly suitable for 
this work, and it is a curious fact that we owe its application for 
this purpose to the extraordinary perspicuity of Sir Isaac Newton, 
who we may fairly say was the first to produce an optically 
perfect surface, and that that material is not only still used for 
the purpose, but is, as far as I know, the only substance which 

possesses the peculiar qualifications necessary to fulfil the required 
conditions. With skill and care, moderately good surfaces can 
be obtained from cloth polishers ; but it is easy to see why they 
can never be perfect. There is a certain amount of elasticity in 
cloth and in its ‘‘nap,” and there is consequently a tendency to 
round off the surfaces of the pits left by the grinding powder, 
and to polish the bottom or floor of these pits at the same time 
as the upper surface. It is easy to show mathematically that 
any process which abrades the floors of the pits at the same time 
as general surfaces even in a very much less degree, can never 
produce more than an approximation to a perfect surface, and 
practice agrees with the theory. Paper is said to be much used 
by the French opticians. I can say nothing about it. I have 
tried it and failed to produce a perfect surface with it, nor indeed 
should I expect it. It is of course open to the same objection as 
cloth. Pitch possesses, as I said, two most important qualities 
which render it suitable for the work ; the first, in its almost 
perfect inelasticity ; the second, a curious quality of subsidence, 
which we utilise in the process. 

If we watch with a microscope, or even a magnifier, the cha- 
racter ofgtwo surfaces during the process of polishing, the one 
with cloth, and the other with pitch, the difference is very 
striking. With the cloth polisher, the polish appears much 
quicker, and it would at first sight appear as if the same polish- 
ing powder abraded more quickly on the cloth than on the pitch 
polisher, but I do not believe that such is the case, for if we look 
at the surface with a magnifier we shall find that, while all the sur- 
face has assumed a polished appearance, the surface itself has 
retained some of the form of the original pitted character with 
the edges rounded off; while in the pitch half-polished surfaces 
the floors of the pits are as gray as ever, and the edges are 
sharp and decisive. In pitch polishing, too, a decided amount 
of polish appears very quickly, and then for many hours there 
appears to be little or no further effect. Suddenly, however, 
the remaining grayness disappears, and the surface is polished. 
The reason of this is very obvious. The polisher being very 
inelastic, polishes first only the tops of the hills, and has to 
abrade away all the material of which these hills are composed 
before it reaches the valleys or floors of the pits. When it does 
reach them, the proper polish quickly appears. The second 
quality of pitch, that of subsidence, is also most valuable. 

Pitch can be rendered very hard by continued boiling. By pitch 
I mean the natural bituminous deposit which comes to us from 
Archangel, not gas-tar pitch. It can be made so hard that it is im- 
possible to make any impression on it with the finger-nail without 
splitting it into pieces ; and yet even in this hard condition, if 
laid on an uneven surface it willin a few days, weeks, or months 
subside and take the form of whatever it is resting upon. The 
cohesion of its particles is not sufficient to enable it to retain its 
form under the action of gravity; and as this condition is that 
which science tells us marks the difference between solids and 
liquids, we must, paradoxical though it may appear, class even 
the hardest pitch among liquid instead of solid substances. 
Now how do we utilise this peculiar quality ? 
The polishing tool is made by overlaying a metal or wooden 

disk formed to nearly the required curves by a set of squares 
of pitch, and while these are still warm pressing them against 
the glass, the form of which they immediately take. 

In the grinding process I showed you that the regulation of 
the abrasion was managed partly by the character of the stroke 
given, and partly by the local touches given to the tool by the 
stoning process. 

In polishing we still retain the same facilities for modifying 
the stroke, and the same rules I gave apply generally to the 
polishing process as well as the grinding ; but we have not got 
any process equivalent to that of the local stoning, and even if 
we had it would be useless, for this very quality of subsidence 
of the pitch would in a few minutes cause any part of its 
surface which had been reduced to come into good contact 
again; we must therefore look for some other means for pro- 
ducing more or less abrasion whenever we require it. This we 
effect by modifying the size of the squares of pitch in the various 
zones. Practically it is done in this way by a knife and mallet. 
Whenever the squares are reduced, the abrasion will be less. 

This is a well-known method of regulation; but the rationale 
is, I think, not generally understood. It is generally explained 
that there is less abrasion because there is less abrading surface. 
I do not think this is the true, or at least the entire, explanation. 
In order to understand the action, you must conceive the pitch 
to be constantly in a state of subsidence, the amount of that 

a 
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subsidence depending of course on the pressure placed upon it. 
Now, if we reduce the size of the squares in any zone while 
retaining the same distance from centre to centre of squares, 
we increase at first the pressure per unit of area on the pitch 
squares in that zone, and consequently the subsidence will be 
greater, and the action will not be so tight or severe on that zone. 

I know of no substance but pitch and a few of the resins 
which possesses this peculiar quality except perhaps ice, and it is 
curious to think that the same quality which in ice allows of 
that gradual creeping and subsidence and consequent formation 
of glaciers with their characteristic moraines, &c., will in pitch 
help us to produce accurate optical surfaces. 

Polishing-Machines.—Vhe two best-known polishing-machines 
arethose of the late Earl of Rosse and the late Mr. Lassell, the 
general forms of which were shown in these diagrams. Time 
will not permit me to enter into a minute description of their 
working, nor is it necessary, as both have been often described. 

A few words, however, as to the different character of the 
strokes given by these machines may be interesting. The stroke 
of Lord Rosse’s machine may be imitated in hand-work by the 
operator traversing the polisher or mirror in a series of nearly 
straight strokes, of about one-third the diameter of the glass, to 
and from himself, at the same time that he keeps walking slowly 
round the post, and instead of allowing the centre of polisher 
to pass directly over the ceatre of mirror, each stroke that he 
gives he slides a little (about one-tenth diameter) to one side 
and then a little to the other. 

Mr. Lassell’s stroke may be imitated by causing the polisher 
to describe a series of nearly circular strokes a little out of the 
centre, walking round the post at the same time; thus the 
centre of polisher will deseribe a series of epicycloidal or hypo- 
cycloidal curves on the speculum. 

Many years ago my father devised a machine, figured and 
described in Nichols’s ‘‘ Physical Science,” by which either of these 
motions could be obtained. He appeared to have got better 
results with Mr. Lassell’s strokes, for he afterwards devised a 
machine which gave the same character of stroke, but over which 
the operator had greater control, and this machine has been used 
for many years with great success. Like all machines, however, 
which give a series of strokes constantly recurring of the same 
amplitude, it is apt to polish in rings It is impossible to 
obtain absolute homogeneity in the pitch patches, and if any 
one square be a shade harder than the general number, and 
that square ends its journey at each stroke at the same dis- 
tance from the centre of speculum or glass, there will almost 
surely be a change of curvature in that zone. To avoid this I 
have made a slight modification in the machine, which has in- 
creased its efficiency to a great extent. I will now place in the 
lantern a model of this machine, and first draw you a few curves 
with the machine in its old state, and afterwards in its improved 
state. 

In order to convey some idea of the relative quantities of 
material removed by the various processes, I have placed upon 
the walls a diagram which will illustrate this point in two dis- 
tinct ways. 

The diagram itself represents a section of a lens of about 
8 inches aperture and 1 inch thick, magnified 100 times, and 
shows the relative thickness of material abraded by the four 
processes. 

The quantity removed by the rough grinding process is repre- 
sented on this diagram by a band 25 inches wide, the fine grind- 
ing by one 58; inch wide, the polishing by a line ;'5 inch wide, 
while the quantity removed by the figuring process cannot be 
shown even on this scale, as it would be represented by a line 
only zp40~ inch thick. 

I have also marked on this diagram the approximate cost of 
abrasion of a gramme of material by each of the four processes, 
viz. <— 

b Sch 

Rough grinding, about 0 oO I per gramme. 
Fine grinding, oe) Om .ON 174. rs 
Polishing, jy) POTION. 0 op 
Figuring, m Ce &) © ” 

Figuring and Testing.—By the figuring process I mean the 
process of correcting local errors in the surfaces, and the bring- 
ing of the surfaces to that form, whatever it may be, which will 
cause the rays falling on any part to be refracted in the right 
direction. When an objective has undergone all the processes 
I haye described, and many more which are not so important, 
and with which I have not had time to deal, and when the 

objective is centred and placed in its cell, it is, to look at, as 
perfect as it will ever be, but to look through and use as an 
objective it may be useless. The fact is that when an objective 
has gone through all the processes described, and is in appear- 
ance a finished instrument, I look upon it as about one-fourth 
finished. ‘Three-fourths of the work has probably to be done 
yet. True, sometimes this is by no means the case, and I have 
had instances of objectives which were perfect on the first trial ; 
but this is, I am sorry to say, the exception and not the rule. 

This part of the process naturally divides itself into two 
distinct heads :— 

(1) The detection and localisation of faults—what may, in 
fact, be termed the diagnosis of the objective. 

(2) The altering of the figures of the different surfaces to cure 
these faults. This may be called the remedial part. 

It may be well here to try to convey some idea of the quanti- 
ties we have to deal with, otherwise I may be misunderstood in 
talking of great and small errors. 

L have before mentioned that it is possible to measure with the 
spherometer quantities not exceeding ;shy, Of an inch, or with 
special precaution much less even than that ; but useful as this 
instrument is for giving us information as to the general curves 
of the surface, it is utterly useless in the figuring process ; that 
is, an error which would be beyond the power of the sphero- 
meter to detect, would make all the difference between a good 
and a bad objective. 

Take actual numbers and this will be evident. Take the case 
of a 27-inch objective of 34 feet focus; say there is an error in 
centre of one surface of about 6 inches diameter, which causes 
the focus of that part to be ;4; of an inch shorter than the rest. 

For simplicity’s sake, say that its surface is generally flat ; the 
centre 6 inches of the surface therefore, instead of being flat, 
must be convex and of over 1,050,000 inches radius. The 
versed sine of this curve, as measured by spherometer, would 
be only about sposo0, 4 millionths of an inch, a quantity 
mechanically unmeasurable, in my opinion. 

If that error was spread over 3 inches only instead of 6 inches, 
the ver-ed sine would only be about z55}yay- Probably the 
effect on the image of this 3-inch portion of 34; inch shorter 
focus would not be appreciable on account of the slight vergency 
of the rays, but a similar error near edge of objective certainly 
would be appreciable. Until, therefore, some means be devised 
_of measuring with certainty quantities of 1 millionth of an inch 
and less, it is useless to hope for any help from mechanical 
measurement in this part of the process. 

If, then, no known mechanical arrangement be delicate 
enough to measure these quantities, how, it may be asked, are 
these errors detected ? 

The answer to this is, that certain optical arrangements enable 
us to carry our investigations far beyond the limits of mechanical 
accuracy. ‘Trials of the objective or mirror as a telescope are 
really the crucial test, but there are various devices by which 
defects are detected and localised. 

The best object to employ is generally a star of the third or 
fourth magnitude, when such is available, but as it frequently 
occurs that no such object is visible, recourse is had to artificial 
objects. The minute image of the sun reflected from little 
polished balls of speculum metal, or even a thermometer bulb is 
a very good object ; polished balls of black glass are also used 
with good effect ; but as the sun also is of somewhat fickle 
disposition in this country, we have frequently to have recourse 
to artificial light. Small electric lamps, such as this, with their 
light condensed and thrown on a polished ball are very useful. 
In fact, I am never without one of them in working order. 

For the detection and localisation of errors it is very useful 
to be provided with sets of diaphragms which leave exposed 
various zones of the surface, the foci of which can then be 
separately measured, but a really experienced eye does not need 
them. 

For concave surfaces, Foucault’s test is useful. I shall not 
trespass on your time to explain this in detail, as it is described 
very fully in many works, in none better than in Dr. Draper's 
account of the working of his own reflecting telescope. ‘This 
diagram will give an idea of the principle of the system, which 
is really the same as what I have described as useful for detect- 
ing want of homogeneity in the substance of the glass. 

This system is extremely useful for concave spherical surfaces, 
but is not available for convex surfaces, and only partially avail- 
able for concave parabolic surfaces. 

The really crucial test is, as I said before, the performance ol 
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the objective when used as a telescope; and the appearance of 
the image not only at the focus, but on each side of. it, conveys 
to the practised eye all the information required for the detection 
of the errors. 

If an objective have but one single fault, its detection is easy ; 
but it generally happens that there are many faults superposed, 
so to speak. There may be faults of achromatism, and faults of 
figure in one or all the surfaces ; faults of adjustment, and _per- 
haps want of symmetry from some strain or flexure; and the 
skill of the artist is often severely taxed to distinguish one fault 
from the rest and localise it properly, particularly if, as is gene- 
rally the case, there be also disturbances in the atmosphere itself, 
which mask the faults in the objective, and permit of their detec- 
tion only by long and weary watching for favourable moments of 
observation. 

It would be impossible in one or a dozen of such lectures as 
this to enumerate all the various devices that are practised for 
the localisation of error:, but a few may be mentioned, some of 
which have never before been made public. 

For detection of faults of symmetry, it is usual to revolve one 
lens on another and watch the image. In this way it can gene- 
rally be ascertained whether it is in the flint or crown lens. 

With some kinds of glass the curves necessary for satisfying 
the conditions of achromatism and spherical aberration are such 
that the crown becomes an equi-convex and the flint a nearly 
plano-concave of same radius on inside curve as either side of 
the crown. This form is a most convenient one for the localisa- 
tion of surface errors in this manner. 

The lenses are first placed in juxtaposition and tested. Cer- 
tain faults of figure are detected. Now calling the surfaces 
ABCD in the order in which the rays pass through them, 
place them again together with Canada balsam or castor-oil 
between the surfaces B and C, forming what is called a cemented 
objective. If the fault be in either A or D surface, no improve- 
ment is seen ; if in B or C, the fault will be much reduced or 
modified. Now reverse the crown lens, cementing surfaces A 
and C together. If same fault still shows, it must be in either 
Bor D. If it does not show, it will be in either A or C. From 
these two experiments the fault can be localised. 

It often happens that a slight error is suspected, but its 
amount is so slight that it appears problematical whether an 
alteration would really improve matters or not. Or the observer 
may not be able to make up his mind as to the exact position 
of the zone he suspects to be too high or too low, and he fears 
to go to work and perhaps clo harm to an objective on which he 
has spent months of labour, and which is almost perfect. In 
many such cases I have wished for some means by which I could 
temporarily alter the surface and see it so altered before actually 
proceeding to abrade and perhaps spoil it. 

During my trials with the great objective of Vienna, I thought 
of a very simple expedient, which effects this without any chance 
at all of injuring the surface. If I suspect a certain zone of an 
objective is too low, and that the surface might be improved by 
lowering the rest of it, I simply pass my hand, which is always 
warmer than the glass, some six or eight times round that 
particular zone. The effect of this in raising the surface is 
immediately apparent, and is generally too much at first, but 
‘the observer at the eye end can then quietly watch the image as 
the effect goes off, and very often most useful information is thus 
obtained. The reverse operation, that of lowering any required 
part of the surface, is equally simple. I take a bottle of sul- 
phuric ether and a camel’s-hair brush, and pass the brush two 
or three times round the part to be lowered, blowing on it 
slightly at the same time; the effect is immediately perceived, 
and can always be overdone if required. 

So far then for the diagnosis. Now for the remedy. When 
the fault has been localised, the lens is again put upon the 
machine and the polisher applied as before, the stroke of the 
machine and the size of the pitch patches being so arranged as 
to produce, or tend to produce, a slightly greater action on 
those parts that have been found to be too high (as before 
described while treating of the polishing processes). 

The regulation of the stroke, excentricity, speed, and general 
action of the machine, as well as the size and proportion of the 
pitch squares, and the duration of the period during which the 
action is to be continued, are all matters the correct determina: 
tion of which depends upon the skill and experience of the 
operator, and concerning which it would be impossible to 
formulate any very definite rules. All thanks are due to the 
late Lord Rosse and Mr, Lassell, and also to Dr. de la Rue, 

for having published all particulars of the process which they 
found capable of communication; but it is a notable fact that, 
as far as it is possible to ascertain, every one who has succeeded 
in this line has done so, not by following written or communi- 
cated instructions, but by striking out a new line for himself; 
and I think Iam correct in saying that there is hardly to be 
found any case of a person attaining notable success in the art of 
figuring optical surfaces by rigidly following directions or in- 
structions given or bequeathed by others. 

There is one process of figuring which is said to be used with 
success among Continental workers. I refer to the method 
called the process of local touch. In this process those parts, 
and those parts only, which are found to be high, are acted upon 
by a small polisher. 

This action is of course much more severe ; and if only it were 
possible to know exactly what was required, it ought to be much 
quicker ; but I have found it a very dangerous process. I have 
sometimes succeeded in removing a large lump or ring in this 
way (by large I mean 3 or 4 millionths of an inch), but I have 
also and much oftener succeeded in spoiling a surface by its use. 
I look upon the method of local touch as useful in removing 
gross quantities, but for the final perfecting of the surface I 
would not think of employing it. 

In small-sized objectives the remedial process is the most 
troublesome, but in large-sized objectives the diagnosis becomes 
much the more difficult, partly on account of the rare occurrence 
of a sufficiently steady atmosphere. In working at the Vienna 
objective it often happened when the figure was nearly perfect 
that it was dangerous to carry on the polishing process for more 
than ten minutes between each trial, and we had then sometimes 
a week to wait before the atmosphere was steady enough to 
allow of an observation sufficiently critical to determine whether 
that ten minutes’ working had done harm or good. It must not 
be supposed either that the process is one in which improvement 
follows improvement step by step till all is finished. On the 
contrary, sometimes everything goes well for two or three 
weeks, and then from some unknown cause, a hard patch of 
pitch perhaps or sudden change of temperature, everything goes 
wrong. At each step, instead of improvement there is disim- 
provement, and in a few days the work of weeks or months per- 
haps is all undone. Truly any one who attempts to figure an 
objective requires to have the gift of patience highly developed. 

In view of the extraordinary difficulty in the diagnostic part 
of the process with large objectives, it is my intention to make 
provision which I hope may reduce the trouble in the working 
of the new 28-inch objective for the Royal Observatory, Green- 
wich, 

Two of the greatest difficulties we have to contend with are :_ 
(1) the want of homogeneity in the atmosphere, through which 
we have to look in trials of the objective, due to varying hygro- 
metric and thermometric states of various portions ; and (2) 
sudden changes of temperature in the polishing-room. The 
polisher must always be made of a hardness corresponding to 
the existing temperature. It takes about a day to forma polisher 
of large size, and if before the next day the temperature changes 
10° or 15°, as it often does, that polisher is useless, and a new 
one has to be made, and perhaps before it is completed another 
change of temperature occurs. To grapple with these two 
difficulties I propose to have the polishing-chamber under 
ground, and, leading from it, a long tunnel formed of highly 
glazed sewer-pipes about 350 feet long, at the end of which is 
placed an artificial star illuminated by electric light; on the 
other side of the polishing-chamber isa shorter tunnel, forming 
the tube of the telescope, terminating in a small chamber for 
eye-pieces and observer. About half-way in the long tunnel there 
will be a branch pipe connected to the air-shaft of the fan, 
which is used regularly for blowing the blacksmith’s fire, and 
through this, when desired, a current of air can be sent to 
““wash it out’’ and mix up all currents of varying temperature 
and density. It may be found necessary even to keep this going 
during observations. ’ 

By this arrangement I hope to be able to have trials whenever 
required, instead of having to wait hours and days for a fayour- 
able moment. 

Figuring of Plane Mirrors.—There is a general idea that the 
working of a plane mirror or one of very long radius is a more 
difficult operation than those of more ordinary radii. This is not 
exactly the case. There is no greater difficulty in figuring a low 
curve than adeep one, but the difficulty in the case of absolutely 
plane mirrors consists simply in the fact that in their figuring there - 

es — 
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is one additional condition to be fulfilled, viz. that the general 
radius of curvature must be made accurate within very narrow 
limits. In figuring a plane mirror to use, for instance, in front 
of even a small objective, say 4-inch aperture, an error in radius 
which would cause a difference of focus of =4, of an inch would 
seriously injure the performance. This would be about equiva- 
lent to saying that the radius of curvature of the mirror was 
about 8 miles, the versed sine of which, with the 6-inch sphero- 
meter, would be about s¢$y0 Of an inch. Now what I mean 
to convey is this: that it would be just as difficult to figure a 
convex or concave lens of moderate curvature as a flat lens of the 
same size if it were necessary to keep the radius accurate to that 
same limit, 7.2. one-tenth of a division of this spherometer. 

Lick Observatory.—For the final testing of large objectives or 
mirrors, it is necessary to have them properly mounted, and in 
such a manner that they can be directed conveniently on any 
celestial object, and kept so directed by clockwork, to enable 
the observer to devote his whole attention to the testing. I 
had not intended touching at ail on the subject of the mounting 
of telescopes, but I have been asked to call your attention to 
this model of a proposed observatory for Mount Hamilton, 
California, as it embraces some novel features, but I shall do so 
in only a very few words. 

Most here are probably aware that a monster observatory {s 
in course of erection in California, a large sum of money having 
been left for the purpose by a Mr. Lick. The observatory is 
already partly complete, and contains some excellent instru- 
ments of moderate size, the work already done with which 
warrants us to hope that the great 36-inch refractive about to be 
erected will be placed under more fayourable conditions for work 
than any other large telescope in the world. 

The 36-inch objective is at present in process of construction 
by the Messrs. Clark of America, but the mounting has not yet 
been contracted for. 

Some years since, in a paper published in the Zyazsac’ions of 
the Royal Dublin Society, I shadowed forth a principle which I 
considered should be adopted in great telescopes of the future. 
The trustees of the Lick Observatory having invited me to 
design an instrument for the 36-inch objective, { have put into 
practical form what I had before given but general principles of, 
and the design which this model illustrates is the result. 

Whether this design will ever be carried out or not I cannot 
tell, but even as a proposal [ trust it may be interesting enough 
to excuse my introducing it (somewhat irrelevantly perhaps) to 
your notice to-night. 

The design includes the equatorial itself, with its observatory, 
dome, and provision for enabling the observer to reach the eye 
end conveniently. 

The conditions I laid down for myself in designing this obser- 
vatory were that it would be possible for the observer single- 
handed to enter the equatorial room at any time, and that, with- 
out using more physical exertion than is neces-ary for working 
the smallest-sized telescope, or even a table-microscope, he 
should be able to open the 7o-foot dome, turn it round back- 
wards and forwards, point the equatorial to any part of the 
heavens, revolving it in right ascension and declination to any 
extent, and finally (the most difficult of all) to bring his own 
person into a conyenient position for observing. I say this last 
is the most difficult of all, for 1 think any who have worked 
with larger instruments will allow that there is generally far 
more trouble in moving tle observatory chair (so called) and 
placing it in proper position than in pointing the instrument 
itself. In this instrument the ‘‘chair” would require to be 
25 feet high, and with its movable platform, ladder, balance- 
weight, &c., would weigh probably some tons. Even if very 
perfect arrangements were made for the working of this chair, 
the mere fact that the observer, while attempting to make the 
most delicate observations, is perched upon a small and very un- 
protected platform 25 feet above the floor, and in perfect dark- 
ness, tends to reduce his value as an observer to an extent only 
to be appreciated by those who have tried it. 

No matter how enthusiastic a man may be at his work, I 
would not put a high value on his determinations if made while 
in a position which calls for constant anxiety for his own per- 
sonal safety. I would go even further still, and say that even 
personal comforts or discomforts have much to do with the value 
of observations. 

I propose, therefore, that all the various motions should be 
effect'd by water-power. There are water engines of various 
forms now made, some of which have no dead point, and having 

little ws zzertia, are easily stopped and started, and are conse- 
quently well adapted for this work. 

I propose to use four of them: one for the right ascension 
motion of the instrument, and one for the declination ; one for 
revolving the dome, and one for raising and lowering the 
observer himself ; but instead of having anything of the nature 
of a 25-foot chair or scaffold, I propose to make the 70-foot floor 
of the observatory movable. It is balanced by counterpoise 
weights, and raised and lowered at will by the observer. Then 
the observer can without any effort raise and lower the whole 
floor, carrying himself and twenty people if desired, to whatever 
height is most convenient for observation ; and wherever he is 
observing, he is conscious that he has a 70-foot floor to walk 
about on, which even in perfect darkness he can do in sifety. 

The valves and reversing gear of the water engines are actuated 
by a piece of mechanism, the motive power of which may be a 
heavy weight raised into position some time during the previous 
day by man- or water-power. By means of a simple electrical 
contrivance, this piece of machinery itself is under the complete 
control of the observer, in whatever part of the room he may 
be, and he carries with him a commutator of a compact and con- 
venient form, with eight keys in four pairs, each pair giving for- 
ward and backward movements respectively to (A) telescope 
movement in right ascension; (B) telescope movement in 
declination ; (C) revolution of dome ; (D) raising of floor. 

The remaining operation—opening of shutter—is easily 
effected without any additional complication. 

It is only necessary to anchor the shutter (which moves back 
horizontally) to a hook in the wall and move the dome in the 
opposite direction by motion C ; the shutter must, of course, be 
opened by this motion. . . . 

It is very possible that there may be some here who have 
found what I have had to say on the subject of the figuring of 
objectives very unsatisfactory. They may have expected, natu- 
rally enough, that, instead of treating of generalities to such a 
large extent as I have done, I should have given precise direc- 
tions, by the following of which rigidly any person could make 
a telescopic objective. 

To those, however, who have followed me in my remarks, the 
answer to this will probably have already suggested itself. It is 
the same answer which I give to those who visit my works and 
ask what the secrets of the process are, or if I am not afraid 
that visitors will pick up my secrets. All the various processes 
which I have described up to that of the figuring are, I consider, 
purely mechanical processes, the various details of which can be 
communicated or described as any mechanical process can be ; 
but in the last final and most important process of all there is 
something more than this. A person might spend a year 
or two in optical works where large objectives are made, 
and might watch narrowly every action that was taken, see every 
part of the process, take notes, and so forth, and yet he could no 
more expect to figure an objective himself than a person could ex- 
pect to be able to paint a picture because he had been sitting in 
an artist’s studio for the same time watching him at his work. 
Experience, and experience only, can teach any one the art, and 
even then it is only some persons who seem to possess the power 
of acquiring it. 

A well-known and experienced amateur in this work declared 
his conviction that no one could learn the process under nine 
years’ hard work, and I am inclined to think his estimate was 
not an exaggerated one. 

True, it may be said that large objectives can be and are 
generally turned out by machinery, but what kind of an objective 
would any machine turn out if left to guide itself, or left to 
inexperienced hands? 

At the risk of being accused of working by what is generally 
called the rule of thumb, I confess that conditions often arise, 
to meet which I seem to know intuitively what ought to be done, 
what crank to lengthen, what tempering is required of the pitch 
square ; and yet if I were asked I should find it very hard to 
give a reason for my so doing which would even satisfy myself. 

I may safely say that I have never finished any objective over 
10 inches diameter, in the working of which I did not meet with 
some new experience, some new set of conditions which I had 
not met with before, and which had then to be met by special 
and newly-devised arrangements. 

A well-known English astronomer once told me that he con- 
sidered a large objective, when finished, as much a work of art 
as a fine painting. : 

I have myself always looked upon it less as a mechanical 
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operation than a work of art. It is, moreover, an art most 
difficult to communicate. It is only to be acquired by some 
persons, and that after years of toilsome effort, and even the 
most experienced find it impossible to reduce their method to 
any fixed rules or formule. 

CASTINGS AT THE INDIAN AND 
COLONIAL EXHIBITION 

INDIAN 

At the last meeting of the Iron and Steel “Institute Mr. C. 
Purdon Clarke, C.I.E., Keeper of the Indian Section, 

South Kensington Museum, read a paper ‘On Certain De- 
scriptions of Indian Castings” as follows :— 

The importation of partly manufactured material is at present 
exercising considerable influence over many of the native arts of 
Oriental countries and India. The supply of machine-made 
thread has doubled the village hand-looms in some districts of 
Madras, and gold thread from Germany has enabled the brocade 
weavers to compete with the imitation brocades sent in from 
Europe. 

In some handicrafts, however, the supply of European mate- 
rial has produced a contrary effect. Iron and steel, bar and 
rod, have displaced an ancient industry, and sheet copper and 
brass have robbed the founder of half his work. Formerly the 
only means of producing sheet-metal was by hammering cast 
plates, an expensive method, only resorted to when thin flat 
coverings were required for wooden or other objects, For very 
large vessels, where weight was required to be kept down and 
strength maintained, hammered sheet was used; but generally 
the founder was employed, to save as much as possible the 
labour of forming the furnishel castings which required but 
little beating out, trimming, and brazing. 

In the case of a bowl, or flat jar with a narrow mouth, the 
founder would prepare a cast not unlike in shape and thickness 
that of an ordinary flower-pot saucer, from which, by constant 
hammering, the bulbous sides would be formed, projecting 
beyond the rim, which would remain of its first diameter and 
thickness. When finished, such a vessel would be nearly double 
the size of the first cast, and a remarkable example of the native 
knowledge of the composition of bronzes and annealing pro- 
cesses. 

It is worthy of noting that the chief means of detecting 
moder from old Persian and Saracenic metal vessels is by 
examining the brazen joints, which in ancient vessels are rare. 
When not found, a close examination will show the vessel to 
be athin casting, the ornamentation being by inlay, or chasing 
and hammering, which, being done after the cast is made, gives 
the reverse side the appearance of chased sheet metal. 

So far as he could ascertain, there were three methods of 
casting practised in India. The first, by moulds in sand; the 
second, moulds in Clay not unlike plasterers’ piece-moulds ; the 
third, clay moulds formed on a wax model, the etre perdu of 
Europe. 

The first of these was well known in Europe, but the second 
was, he believed, now described for the first time. In preparing 
the mould, impressi ms of the various parts of the pattern are 
taken in clay, and these pieces when nearly dry are, after trim- 
ming, stuck neatly together, and kept in place by several layers 
of mud, in which some fibre is mixed. ‘lhe mould when ready 
has but one vent, which, placed on the most convenient side, is 
carried up into a sort of bottle-neck. If the object is small, 
several moulds are attached together, and the vents united by a 
single short neck of clay, to which a crucible, inclosed in an 
egg-shaped ball of clay, is attached. The size of this crucible 
depends upon the exact amount of metal required to fill the 
mould or moulds; and this quantity being known by experi- 
ence, the founder places it inside before closing up. No pro- 
wision is made for the escape of air from the mould when the 
metal is poured in. The mould and crucible (now in one piece) 
is allowed to dry; and after several coats of clay, tempered 
with fibre, have also been well baked on by the sun, the furnace | 
is prepared. This is simply a circular chamber about 2 feet 
6 inches in diameter, 2 feet in heizht, with a perforated hearth 
and no chimney. Half filled with charcoal, a good heat is 
obtained by the use of several sheepskin bellows from beneath. 
When ready, as many mouldsas the furnace will hold are placed 
in it, the crucible end of each being embedded in the fire. A 
cover is placed over, and the fire kept up until, upon examina- 
tion, the moulds are found to be red hot. ‘They are then taken, 
one at a time, and replaced in a reverse position, the crucibles 

being now above. The metal flows down into a red-hot mould? 
and penetrates the finest portions of the surface without suffering 
from air or chilling. The fire is allowed to gradually cool, and 
when the objects are broken out of their clay covering, the metal 
is soft and malleable. 

The third manner of casting (that by the use of a wax pattern 
which is destroyed in the moulding) was well known, but in one 
particular case the process had been carried further than would 
be at first believed, and of this he would now attempt a 
description. : 

The object produced is an anklet, a flexible ring about 4 
inches in diameter, made from an endless curb chain. Such 
curb chain trinkets are common in India, and are generally made 
from .thick silver wire rings interlinked and soldered one by one. 
In th's example the anklet is of bronze, and consists of a com- 
plicated chain of forty-three detailed links, the whole being 
cast by a single operation. The first part of the process is the 
preparation of a pattern in wax, a delicate work, each link 
having to pass through four others, and to bear three small 
knobs or rosettes. These are in two instances but ornaments ; 
the third, however, serves as a channel for the metal to enter 

each ring. 
Then commences the most difficult part of the work, each ring 

having to be slightly separated, and this is effected by painting 
in a thin coat of fine clay until there is sufficient to form a par- 
tition. Other coats of clay are added until a thickness of about 
half an inch is attained, when a groove is cut round the upper 
side of the ring, and deepened until the row of knobs is bared. 
The wax is then melted out, and the mould attached to a 
crucible as before described. When cast, and the mould broken 
away, the chain comes out inflexible, being attached to a rod 
which runs round where the groove was cut. This is broken off, 
and the chain is complete. 

Having been consulted respecting the trades to be represented 
in the Indian Courts of the Colonial and Indian Exhibition, he 
recommended amongst others a good brassfounder to be sent. 
Dr. Tyler, who was charged with the collection of these 
artisans, engaged one of the best he could find, but up to the 
present the foundry is not in working order. : 

One of these combined crucible moulds was submitted for 
inspection, with fragments of another, also a cast curb chain. 
anklet ; the author concluding by thanking the members for this 
opportunity of publishing an interesting process. 

A NEW SPECTROMETER 

JN equipping the Physical Laboratory of University College, 
Dundee, I felt considerable difficulty in deciding on a 

spectrometer for accurate work ; it was easy to get a simple 
instrument for qualitative experiments and rough quantitative 
work, but dt was only after consulting several friends and com- 
municating with two or three firms that about two years ago I 
wrote to Mr. Hilger, in the hope that from him we might obtain 
an instrument capable of working to as high a degree of accu- 
racy as would enable our best students in the laboratory to do 
advanced work. Considering that a second of are is by no 
means an unusual limit of error in anzular measurement, and 
that it is of the order 1: 1,000,000, the whole circle being unit, 
we thought that while further capability in reading power would 
be more than counterbalanced by various indeterminate errors, 
yet it should be possible to obtain this accuracy with a suitable 
instrument. 

Prof. Liveing was kind enough to give us valuable information 
about one of his own instruments, of which the plans were sent 
to us by Mr. Hilger for inspection; and Mr. Capstick and I 
finally decided to ask Mr. Hilger whether he could not arrange 
two microscopes on the instrument in place of the one which 
Prof. Liveing’s has. 

As a consequence, Mr. Hilger presented suggestions for a 
spectrometer which is now in this college, and is capable of read- 
ing directly to one second of arc and yielding reliable results. Its 
construction is very simple. The collimator stands on a heavy 
pillar by itself; and the circle, divided to five minutes of are on 
a ring 15 inches in diameter, with six radial spokes, is carried 
on another pillar. The telescope, counterpoised, turns on the 
same axis, but does not touch the circle at any point ; and the 
reading is managed as follows: from the telescope-bearing a 
double girder with a semicircular plan tied across its diameter 
by tubes of brass stretches horizontally above the semi-cireum- 
ference of the divided circle ; to this girder are fixed, at its ends, 
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two long focus microscopes, whose axes produced intersect the 
divided circle at the extremities of a diameter. They are read 
by means of a pointer and spider-line micrometer, whose head 
is divided into 300 parts, each of which represents one second 
of arc. The microscopes are carried at such a height that they 
easily pass the collimator, and they can be read in any position, 
and the light from the collimator passes clear under the girder. 

J. E. A. STEGGALE 

THE ABACUS IN EUROPE AND THE EAST 

At a late meeting of the Asiatic Society of Japan (reported 
in the Fafan Mail), Dr. Knott read a paper on ‘“* The 

Abacus, and its Scientific and Historic Import.” A portion of 
the paper described the various arithmetical processes connected 
with the sovoban, the form of the abacus employed in Japan. 
The writer pointed out that in all arithmetical operations up to 
the extraction of the cube root, the sovoban really possessed 
dis‘inct advantages over ordinary ciphering. This in itself ex- 
plained why the instrument, which in Europe is suggestive of 
an infant school, has in the East survived till the present day. 
The rest of the paper was a discussion of the peculiar position 
which the abacus, used in its widest signification, holds in the 
history of the progress of arithmetic and mathematics, and of 
science and civilisation generally. The following is an abstract 
of the argument, the ultimate object of which was to explain 
why the abacus had died in Europe but lived in China, and 
why the cipher system of numerals had grown up in India but 
not in China. 

The abacus, as used in China and Japan, bears, on the sur- 
face of it, evidence of a foreign origin. The numbers are set 
down on it with the larger denomination to the left—a method 
which could hardly be believed to have been invented by the 
Chinese, who tend to work from right to left, and who have 
always named their compound numbers beginning with the 
higher denominations, The Chinaman says ‘‘one hundred 
forty-five,’ as the Englishman does ; but the Englishman once 
said ‘‘one hundred five-and-forty,” as the German still does ; 
while ‘in some of the Aryan languages of India, and in the 
Arabic of to-day, the number is named ‘‘five-and-forty and one 
hundred.” The Arab writes from right to left, so that, had the 
abacus been invented by such a people who, so to speak, both 
wrote and spoke inversely, it would have indicated the number 
as it does. In fact, the abacus could only have arisen in its 
present form amongst a people who either wrote and spoke 
directly, or wrote and spoke inversely. As a matter of history, 
the geographical home of the abacus is India, but, unless there 
is conclusive evidence to the contrary, we cannot regard it as 
an invention of Aryan Indians, who, although they wrote 
directly, spoke inversely. They probably borrowed it from the 
Semitic merchants, and these, with their inverse speaking and 
inverse writing, may have invented it, or perhaps received 
it from a direct-speaking, direct-writing people, such as 
the highly-cultured Accadians seem to have been. The 
abacus was evolved, no doubt, from the human hand, which, 

with its ten fingers, was the only counting-board used by 
primitive man. Its course of development is quite distinct from 
that of the symbolic representation of numbers. These latter 
we can trace through four stages, which may be called the pic- 
torial, the symbolic, the decimal, and the cipher. The pictorial 
we find in the Egyptian hieroglyphic and the Accadian cunei- 
form ; the symbolic in the hieratic, Phcenician, Hebrew, Greek, 
Roman, and the host of systems which grew up with the deve- 
lopment and spread of alphabets and syllabaries, and the decimal 
in the simplification of these which live to-day in the Chinese 
and Tamilic systems. Once the decimal stage was reached, its 
general similarity to the abacus indications suggested bringing 

_ them into still closer correspondence. This took place amongst 
_ the Aryan Indians, who, along with their brethren of the West, 
-yery soon discarded the abacus for the, to them, more convenient 

_ cipher notation. With the Chinese and Tamils, however, no 
~ advance was made in this direction, a fact especially surprising 
‘in the case of the latter, who have lived in close contact with 

_ peoples that have long used the cipher system of numerals. One 
reason for the Chinese conservatism in so adhering to an un- 

_wieldy notation might be their vertical mode of writing, with 
which no very striking similarity between their symbolising of 
numbers and the abacus columns would appear. But this does 
not explain the conservatism of the Tamils, who write from left 
to right, nor yet the persistence of the abacus for centuries face 

_ to face with the Indian cipher system. The explanation is 
rather to be found in the system of nomenclature, which, being 
direct both among the Chinese and the Tamils, fitted perfectly 
with the abacus indications. For this reason the manipulation 
of the abacus in China and Japan is more rapid and certain than 
ciphering, and hence, there being no advantage for simple arith- 
metical operations in tne latter, the cipher system did not de- 
velop in these countries, and even when introduced from the 
West in all its vigour could not displace ‘‘the rod and the 
beads.” An Aryan Indian, with his inverse-speaking, could 
never work the abacus with the same facility as the Japanese 
unless he worked from right to left, a mode of procedure quite 
foreign to his nature. It is not so foreign to the Chinese and 
Japanese, however, to work from left to right, as shown in the 
formation of each individual ideograph employed in writing. 
Hence the abacus suited the Chinese language better than it did 
any of the Aryan languages in their original mode of number- 
naming. The influence of the notation which was developed 
from Semitic sources under the influence of the abacus, has in 
later times compelled many of the Aryan languages to assimilate 
as far as possible to the direct mode of numeration ; but in the 
English fi/teen, the German /frizfzehn, and the French guinze, we 
still have the relics of the original inverse mode of naming, alike 
peculiar to Aryan and Semitic peoples. 

In the course of the discussion which followed, it was men- 
tioned that Chinese mathematics were first studied in Japan 
about 900 A.D., and that the Japanese ascend by powers of 
10,000 in their treatment of larger numbers. 

THE GAZETTEER OF RUSSIA? 

E have received the concluding fascicule of the ‘ Geogra- 
phical and Statistical Dictionary of the Russian Empire,” 

published by the Russian Geographical Society, and edited by M. 
P. Semenoff. This monumental work, which was begun more 

| than twenty years ago, has been now concluded in five large 
octavo volumes, and will remain for many years the most trust- 
worthy and complete source of information for the geography of 
the empire, exclusive of Poland, but inclusive of the former 
Russian dominions in America. It may be regretted that the 
editor of the ‘* Dictionary” has been diverted by so great a 
variety of geographical, statistical, and administrative work from 
this undertaking, and that therefore the last fascicule appearing 
twenty-three years after the first, the statistical information con- 
tained in the first fascicules and volumes has become out of date. 
But notwithstanding that, the ‘‘ Dictionary ” has not become old. 
Its value is not in the statistical data it contains ; it is much 
more in the excellent geographical descriptions of the localities 
treated—that is, of each separate government of Russia, Siberia, 
Turkestan, and Caucasus—of the seas that border Russia, and 
their islands. Several articles are excellent and most complete 
monographs, and we need only mention those on the Amur, 
Caucasus, Sakhalin, the Northern Ocean, or Turkestan to 
remind geographers of these excellent descriptions of whole 
regions. The geology, the flora and fauna of each region 
have received much attention. These descriptions will not soon 
be old—they can be only completed. 

At the end of each article there is, moreover, a most com- 
plete bibliography of the larger geographical works in which the 
place described in the article has been mentioned, as also 
of monographs dealing with it, and of newspaper articles. This 
bibliography is invaluable for the geographer. On the whole, 
the equally high standard of all geographical descriptions and 
the unity of conception in all of them—the whole being the 
work of the editor himself, assisted only by M. Zverinsky and 
very few occasional contributors—make this ‘‘ Dictionary” 
occupy one of the first ranks among like publications. An ap- 
pendix is promised, which will contain descriptions of such 
regions as the Thian-Shan, Ferganah, and Transbaikalia, which 
were much explored during the publication of the ‘‘ Dictionary.” 
They will embody all recent information. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

Con vocaTION of the University of London met on Tuesday 
evening to consider the report of a Special Committee which 
proposed several important changes in the constitution of the 

* “ Geographitchesko-Statistitcheskiy Slovar Rossiyskoy Imperii,’ P. P. 
Semenoya. 
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University. After considerable discussion, resolutions were 
passed approving of the admission of certain educational institu- 
tions having one, or more than one, faculty of University rank 
as constituent Colleges of the University, of the establishment 
of a Council of Education, and of certain changes in the consti- 
tution of the Senate. 

SCIENTIFIC SERIALS 

THE most important paper in the Youwrnal of Botany for 
April is the commencement of a Synopsis of the Rhizocarpez, 
by Mr. J. G. Baker, another of the series of this writer’s ex- 
haustive monographs of the families of Vascular Cryptogams 
outside the Ferns. The present instalment includes the genus 
Salvinia, in which three new species are described, and a por- 
tion of Azolla. In the May number we find a continuation of 
Mr. W. B. Grove’s paper on new and noteworthy fungi, in 
which several new species are described, and one new genus of 
Spheeroideze, Collonema. Mr, W. H. Beeby gives further par- 
ticulars respecting the distribution of his newly discovered 
Sparganium neglectum, and Mr, Arthur Bennett an account of 
the distribution in Britain of the various species of Potamogeton, 
in addition to those contained in the second edition of ‘* Topo- 
graphical Botany.” 

This research is an extension of a former one on “‘ Transfer- 
Resistance in Electrolytic and Voltaic Cells,” communicated to 
the Royal Society, March 2, 1885. Further evidence on the 
same subject has been published by the author in the PAz/o- 
sophi al Magazine, 1886, vol. xxi. pp. 130, 145, 249. 

“©A Study of the Thermal Properties of Ethyl Oxide.” By 
William Ramsay, Ph.D., and Sydney Young, D.Sc. 

A year ago a paper was communicated to the Society on the 
behaviour of ethyl alcohol when heated. A similar study of the 
properties of ether has been made, in which numerical values 
have been obtained exhibiting the expansion of the liquid, the 
pressure of the vapour, and the compressibility of the substance 
in the gaseous and liquid conditions ; and from these results, the 
densities of the saturated vapour and the heats of vaporisation 
have been deduced. The temperature range of these observa- 
tions is from — 18° to 223° C. 

It is the authors’ intention to consider in full the relations of 
the properties of alcohol and ether; in the meantime it may be 
stated that the saturated vapour of ether, like that of alcohol, 
possesses an abnormal density, increasing with rise of tempera- 
ture and corresponding rise of pressure ; that at o° the vapour- 
density is still abnormal, but appears to be approaching a 
normal state; and that the apparent critical temperature of 
ether is 194° C.; the critical pressure very nearly 27,060 mm. 

SOCIETIES AND ACADEMIES 

LONDON 

Royal Society, May 20.—‘‘ Relation of ‘ Transfer-Resist- 
ance’ to the Molecular Weight and Chemical Composition of 
Electrolytes.” By G. Gore, L.L.D., F.R.S. 

In the full paper the author first describes the method he 
employed for measuring the “resistance,” and then gives the 
numerical results of the measurements in the form of a series of 
tables. 

He took a number of groups of chemically related acids and 
salts of considerable degrees of purity, all of them in the pro- 
portions of their chemical equivalent weights, and dissolved in 
equal and sufficient quantities of distilled water to form quite 
dilute solutions. The number of solutions was about seventy, 
and included those of hydriodic, hydrobromic, hydrochloric, 
hydrofluoric, nitric, and sulphuric acids ; the iodides, bromides, 
chlorides, fluorides, hydrates, carbonates, nitrates, and sulphates, 
of ammonium, cesium, rubidium, potassium, sodium, and 
lithium ; the chlorides, hydrates, and nitrates, of barium, stron- 
tium, and calcium ; and a series of stronger solutions, of equiva- 
lent strength to each other, of the chlorides of hydrogen, ammo- 
nium, rubidium, potassium, sodium, lithium, barium, strontium, 
and calcium. A series of similar liquids to those of one of the 
groups of acids, of equal (not of equivalent) strength to each 
other, was also included. 

As electrodes, he employed pairs of plates of zinc, cadmium, 
lead, tin, iron, nickel, copper, silver, gold, palladium, and 
platinum ; and separate ones formed of small bars of iridium. 

He took each group of solutions, and measured in each liquid 
separately, at atmospheric temperature, the ‘‘ total resistance ” 
at the two electrodes, and the separate ‘‘ resistances’ at the 
anode and cathode respectively with each other, and thus ob- 
tained about seventy different tables, each containing about thirty- 
six measurements, including the amounts of ‘‘ total,” ‘‘ anode,” 
and ‘‘ cathode” resistance of each metal, and the “averages ”’ of 
these for all the metals. 

By comparing the numbers thus obtained, and by general 
logical analysis of the whole of the results, he has arrived at 
various conclusions, of which the following are the most im- 
portant :—The phenomenon of ‘ transfer-resistance’’ appears 
to be a new physical relation of the atomic weights, attended by 
inseparable electrolytic and other concomitants (one of which is 
liberation of heat, Phz/. Mag., 1886, vol. xxi. p. 130). In 
the chemical groups of substances examined 7 varied inversely 
as the atomic weights of the constituents, both electro-positive and 
electro-negative, of the electrolyte, independently of all other cir-um- 
stances ; and in consequence of being largely diminished by 
corrosion of the electrodes, it appeared to be intimately related 
to ‘“‘surface-tension.” He suggests that corrosion may be a 
consequence, and not the cause of small ‘‘ transfer-resistance.”’ 
The stronge-t evidence of the existence of the above general 
law was obtained with liquids and electrodes with which there 
was the least corrosion and the least formation of films; those 
liquids were dilute alkali-chlorides, with electrodes of platinum. 

= 35°61 atmospheres; and the volume of 1 gramme of the 
substance at 184° between 3°60 and 4 c.c. 

Mathematical Society, May 13.—J. W. L. Glaisher, 
F.R.S., President, in the chair.—Mr. F. W. Watkin was 
admitted into the Society.—The following communications were 
made :—On Cremonian congruences contained in linear com- 
plexes, by Dr. Hirst, F.R.S.—Solution of the cubic and bi- 
quadratic equation by means of Weierstrass’s elliptic functions, 
by Prof. Greenhill.—On the complex of lines which meet a uni- 
cursal quartic curve, by Prof. Cayley, F.R.S.—n Airy’s solu- 
tion of the equations of equilibrium of an isotropic elastic solid 
under conservative forces, by W. J. Ibbetson.—Conic note, by 
H. M. Taylor.—On the converse of stcreographic projection 
and on contangential and coaxal spherical circles, by H. M. 
Jeffery, F.R.S. 

Zoological Society, May 18.—Prof. W. H. Flower, 
F.R.S., President, in the chair.—Mr. C. W. Rosset exhibited 
a series of photographs taken during his recent visit to the Mal- 
dive Islands, and made some remarks on the zoological collec- 
tions obtained during his expedition.—Mr. Philip Crowley, 
F.Z.S., exhibited some pupz of nocturnal Lepidoptera which 
had been sent to him from Natal; and read some notes from 
his correspondent, which proved that they were subterranean.— 
Mr. Joseph Whitaker, F.Z.S., exhibited a specimen of Wilson’s 
Phalarope, said to have been obtained at Sutton Ambian, near 
Market Bosworth, in Leicestershire.—A communication was 
read from Dr. A. B. Meyer, C.M.Z.S., containing an account 
of the known specimens of King William the Third’s Bird of 
Paradise (RAipidornis cuglielmi-tertit), and remarking on a fourth 
specimen which had been recently obtained by the Dresden 
Museum.—Mr, Frank E. Beddard read a paper on some new 
or little-known Earthworms, together with an account of the 
variations in structure exhibited by Perionyax excavales.—Mr. 
Sclater read a paper on the species of Wild Goats and their 
distribution. Mr. Sclater recognised ten species of the genus 
Capra, distributed over an area extending from Spain to Southern 
India, and from Central Siberia to Abyssinia. 

Royal Meteorological Society, May 19.—Mr. W. Ellis, 
F.R.A.S., President, in the chair.—Mr. L. T. Cave and Rey. 
C. Malden, M.A., were elected Fellows of the Society.—The 
following papers were read :—The severe weather of the past 
winter, 1885-86, by Mr. C. Harding, F.R.Met.Soc. The 
author showed that the whole winter was one of exceptional 
cold, not so much on account of any extremely low tempera- 
tures experienced, but more from the long period of frost and 
the persistency with which low temperature continued. In the 
South-West of England there was not a single week from the 
commencement of October to March 21 in which the temperature 
did not fall to the freezing-point. In many parts of the British 
Islands frost occurred in the shade on upwards of 60 nights 
between the beginning of January and the middle of March, and 
during the long frost which commenced in the miadle of 
February and continued until March 17 the teimperature {fell 
below the freezing-point in many places on more than 30 con- 
secutive nights. At Great Berkhamsted, in Hertfordshire, frost 
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occurred on the grass on 73 consecutive nights from January 5 
to March 18. The winter of 1885-86 wa; the only one in which 
there was skating on the water of the London Skating Club, in 
Kegent’s Park, in each of the four months December to March, 
since the formation of the Club in 1830, and there are but four 
records of skating in March during the 56 years, and none so 
long as in the present year. With regard to the temperature of 
the water of the Thames at Deptford, it was shown that the 
total range from January 8 to March 20 was only 6°, whilst 
from March 1 to 1g the highest temperature was 36°°5, and the 
lowest 35°. The temperature of the soil at the depth of 1 foot 
was generally only about 2° in excess of the air over the whole 
of England, and from March 1 to 17 the earth was colder than 
usual by amounts varying from 6°°3 at Lowestoft to 8°-5 at Nor- 
wood. The facts brought together showed that the recent 
winter was one of the longest experienced for many years, and 
that in numerous ways it may be characterised as ‘‘ most 
severe.” —Description of an altazimuth anemometer for recording 
the vertical angle as well as the horizontal direction and force of 
the wind, by Mr. L. M. Casella. The author describes an 
anemometer he has made which records continuously on one 
sheet the pressure, direction, and inclination of the wind.—Earth 
temperatures, 1881-85, by Mr. W. Marriott, F.R.Met.Soc. 
This is a discussion of the observations of the temperature of the 
soil at various depths below the surface, which have been regu- 
larly made at 9 a.m. at several of the stations of the Royal 
Meteorological Society during the past five years. The results 
show that the temperature jof the soil at 1 foot at nearly all 
the stations in the winter months is almost the same as that of 
the air, while in the other months of the year the temperature of 
the soil is higher than that of the air at all except that of the 
London stations.—Note on the after-glows of 1883-84, by Mr. 
A. -W. Clayden, M.A., F.R.Met.Soc. The author suggests 
that the after-glows were the result of the water-vapour erupted 
from Krakatdo, and that the dust and other ejecta played but a 
secondary part in the production of the phenomena. 

SYDNEY 

| Linnean Society of New South Wales, March 31.— 
| Mr. William A. Haswell, M.A., B.Sc., in the chair.—The fol- 

lowing papers were read :—On certain Geckos in the Queens- 
land Museum, by Charles W. de Vis, M.A. A new species of 
the very curious genus Vefhrusus is described under the specific 
name of /evis, from its smooth lepidosis, as compared with the 
only other species, 4. asfer. A species of Diplodactylus (D. 
wentcauda) is also described. Both lizards are from Northern 
Queensland.—Description of a new aphanipterous insect from 
New South Wales, by A. Sidney Olliff, F.E.S., Assistant Zoo- 
logist, Australian Museum. The remarkable parasite here 
characterised under the name ZLchidnophaga ambulans was found 
in large numbers on the head and breast of a porcupine ant- 
eater (Achidna hystrix). It differs from the Pulex echidne de- 
scribed by Denny from the same host in habit as well as in 
several important points of structure, and is, therefore, regarded 
as forming the type of anew genus. Unlike the majority of its 
allies this species does not appear to possess the power of 
jumping.—On a microscopic fungus parasitic on the Cu- 
curbitacez, by E. Haviland, F.L.S. In this paper the author 
gives an account of his inquiry as to the origin of a disease 
which has caused much destruction to melon and pumpkin 
plants during the last three months, and which he has identified 
as the micro-fungus Ozdium monilioides. As a preventative he 
suggests greater care in cultivation, and quotes various authors 
proving that old plants will thereby be sufficiently vigorous to 
resist the attacks of the fungus.—Jottings from the Biological 
Laboratory of Sydney University, by William A. Haswell, 
M.A., B.Sc., Lecturer on Zoology and Comparative Anatomy. 
On the myology of the flying squirrel (Petaurista taguanvides). 
In its muscular anatomy the flying phalanger nearly resembles 

_ the vulpine phalanger and the Cwscws, with a few special modi- 
_ fications, of which the chief is the presence of a peculiar ‘‘long 
femoro-caudal muscle.” —Insects of the Fly River, New Guinea, 
“Coleoptera,” by William Macleay, F.L.S., &c. This is the 
second paper communicated by Mr. Macleay on the insects col- 
lected during the recent expedition organised by the Geographi- 
cal Society of Australia for the exploration of the interior of 

British New Guinea. The previous paper dealt with the 
Coleoptera up to the end of the Heteromera. The present one 
deals with the families Curculionide, Brenthide, Anthvibide, 

now described for the first time.—The Mollusca of the Pareora 
and Oamaru systems of New Zealand, by Capt. F. W. Hutton, 
Hon. Member Linnean Society, New South Wales. Capt. 
Hutton’s paper is a contribution towards the correlation of the 
Tertiary rocks of Australia with those of New Zealand, and it 
enumerates 268 species of Mollusca from the Pareora and 
Oamaru systems, which are probably of Miocene and Oligocene 
age, of which 184 species are confined to the Pareora beds, 33 
species to the Oamaru, while 51 species, of which a few are 
doubtful, are common to both. 

Paris 

Academy of Sciences, May 17.—M. Jurien de la Graviere, 
President, in the chair.—Presidential allecution on the occa- 
sion of the homage offered to M. Chevreul at the meeting of 
Monday, May 17, when that illustrious member and doyen of 
the Academy completed his hundredth year. In reply, M. 
Chevreul assured the audience that to be told his long career 
had been useful to science and his country was the greatest 
eulogium he had ever ambitioned.—Observations in reference to 
the quantitative analysis of the ammonia found in the ground : 
a reply to M. Schleesing, by MM. Berthelot and André. The 
authors point out that the note recently published by them in 
the Comptes rendus was not intended to raise any discussion on 
M. Schleesing’s theories regarding the absorption of atmospheric 
ammonia by arable lands. Their main object was to explain a 
special precaution and a common source of error in the quan- 
titative analysis of the ammonia present in the ground. Nor 
did they wish to deny that the ground receives in a general way 
a supply of ammonia from the atmosphere, although they did 
not consider that this fact had been fully demonstrated by M. 
Schleesing’s experiments. —Keply to M. Taurines’s recent obser- 
vations on the communication of March 23, 1885, regarding 
marine engines and the experiments made on board the Przm- 
auguet, by M. A. Ledieu. The author maintains the general 
correctness of his conclusions, which are unfairly stigmatised by 
M. Taurines as ‘‘theories conceived @ priori and at times dan- 
gerous.”—Remarks on the third volume of the Scientific Mission 
to Cape Horn, presented to the Academy by M. Mascart. This 
volume contains all the observations regarding terrestrial mag- 
netism, and MM. Miintz an’ Aubin’s analyses of the specimens 
of atmospheric air collected by Dr. Hyades. The researches on 
terrestrial magnetism were greatly aided by a continuous register- 
ing apparatus, which was set up by MM. Payen and Le Can- 
nellier, and which worked satisfactorily the whole time the 
Mission remained in Orange Bay. Incidental reference was 
made to the subsequent death of M. Payen in France, and of 
M. Martial, commander of the Expedition, in China.—Elements 
of the orbit of Brooks’s comet, No. 1, by M. Lebeuf. These 
elements, deduced from observations made at Kiel on April 30, 
and at Paris on May 4 and 8, are as under :— 

T = 1886 June 7°5158 Paris Mean Time. 

Q = 193 1 29°5 ) 
@= 33 42 71} Mean Eq. 1886-0. 
t= 8747 3457, 

logg = 97439104 
—Observations of Brooks’s comets made at the Observatory of 
Algiers with the o’50m. telescope, by M. Rambaud.—Measure- 
ment of the electric conductivity of the dissolved chloride of 
potassium, by M. E. Bouty. Between the temperatures of 0° C. 
and 30° C. the resistance of the solutions of the chloride of 
potassium is expressed with sufficient accuracy by the binomial 

A) 
I + at 

the specific resistance 7) and the relative values of the molecular 
resistance py, as well as the values of a,.—On the atomic volume 
of oxygen, by M. E. H. Amagat. M. Wroblewski having 
recently announced that the atomic volume of oxygen was con- 
siderably below 16, the author points out that he had arrived at 
the same conclusion early in 1885. In his communication of 
March 2 of that year he stated that under a pressure exceeding 
4000 atmospheres he had succeeded in obtaining oxygen with a 
density higher than 1°25 and at a temperature of 17°.— 
Observations on the deviation from the vertical on the south 
coast of France, by M. Germain. From four determina- 
tions obtained at Nice, Saint-Raphael, Toulon, and Mar- 
seilles, the author infers that on this seaboard the continent 
attracts the vertical, that is to say, repels the astronomic as 

formula 7 = A table is given of the absolute values of 

and Longicornia, comprising in all 96 species, of which 31 are | opposed to the geodetic zenith, and that this attraction 
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ap ears tu be exercised by a point situated to the north of Nice 

in the Alps.—-On the barometric pressure of May 13, 1886, 

when at 4 o'clock in the morning the barometer fell to 

737°37 mm., the lowest recorded in Paris since the year 1757, 

by M. E. Renou. This remarkable fall coincides with violent 

atmospheric disturbances in Madrid and other parts of Spain, 

in England and the United States. The stormy weather 

reached Italy and Germany on May 14, when the Jura and 

Chaux-de-Fonds were covered with snow.—Action of vanadic 

acid on the ammoniacal salts (continued), by M. A. Ditte. In 

this paper the author deals with a second group comprising the 

sulphate, chromate, iodate, borate, acetate, vanadate, per- 

chlorate, carbonate, and hydrochlorate of ammonia.—On 

several double silicates of alumina, and of potassa or soda, 
by M. Alex. Gorgeu. The kaolin with which these silicates are 
obtained is that used at the Sevres works. This composition 
when dried at a temperature of 120° C, is almost exactly that of 
the silicate of hydrated alumina, 2Si0,A1,03,2110. Its action is 
described on the alkaline haloid salts, on the alkaline carbonates, 
and on the fused caustic alkalies.—On the combinations of the 
chloride of zinc with water, by M. R. Engel. Besides that dis- 
covered by M. Schindler, the author describes three other 
hydrates of the chloride of zinc, of which two may be obtained 
in large isola ed crystals. —On a combination of phosphuretted 
hydrogen with the hydrate of chloral, by M. J. de Girard. —On 
pilocarpine, by MM. E. Hardy and G. Calmels. For this 
substance the authors have established the formula— 

jC00 CH, 
(C;H,N)B—C. —N—CHs 

\cH, SCH, 
and for pilocarpidine— 

; CORE Cis 

(C;H,N)B—C Ne 
CH, s 

—Researches onthe composition of carotine, its chemical function, 
and its formula, by M. A. Arnaud. This is a carburet of hydro- 
gen (Cy,H4g) identical with the orange-red crystallised substance 
which the author has extracted from the leaves of various kinds 
of plants. This colouring-matter exists also in a great many 
fruits, and especially in the tomato, and may in fact be said to 
be universally present in the roots, leaves, and fruits of plants. 
It oxidises in the air even at the ordinary temperature, and 
especially about 70° C., and in solution this oxidation becomes 
extremely rapid. Remarks on the bilobites, by M. Stan. Meunier. 
The author makes a fresh study of these interesting vestiges, 
without deciding the question whether they are mere animal 
footprints, as supposed by M. Nathorst, or real fossil algze, as 
maintained by MM. Delgado and De Saporta.—Characteristics 
of the stem of Poroxylon (fossil gymnosperms of the Carboni- 
ferous epoch), by MM. C. Eg. Bertrand and B. Renault.— 
Account of a meteor recently observed on board the steamer 
Algérie in the Gulf of Smyrna, by M. L. Aubouy. 

BERLIN 

Physiological Society, April 30.—Dr. Wolffberg spoke on the 
Young- Helmboltz theory of the colour-sense, which he extended 
in the direction of assuming the existence of red-sensitive, green- 
and violet-sensitive ganglia in the central organ of sight-percep- 
tion in the sphere of vision. These ganglia were connected with 
the red nerves, the green nerves, and the violet nerves, and by 
means of such nerves communicated with the retina. Seeing, how- 
ever, that yellow, blue, and white were likewise psychically simple 
sensations, Dr. Wolffberg assumed specific ganglia for these as 
well, which, however, stood in connection with the red, green, 
and violet ganglia, the yellow ganglia being situated at an equal 
remove from the red and green, but at a further remove from 
the violet ganglia. Similar was his conception of the situation 
and connection of the blue and white ganglia. Regarding the 
sensation of black, he would speak in an address in the imme- 
diate future. —Dr. Uhthoff made further communications respect- 
ing the dependence of visual sharpness on the intensity of illu- 
mination. After an historical survey of the older experiments to 
determine the relation of visual sharpness to light intensity, he 
described the results of his own labours in this field. In the 
case of white light, he had communicated the relation on a former 
occasion (NATURE, vol. xxxi. p. 476). In the case of yellow 
light, the visual sharpness under low intensities increased just as 

| I'Académie Impériale des Sciences de St. Petersburg,” vol 

rapidly with increasing intensity of light as in the case of white 

light.” The curve, however, in the former case attained a greater 

height than it did with white, and then likewise proceeded 

parallel to the abscissa. With red light, on the other hand, the 

curve kept below the height reached with white light ; it rose 

slower, moreover, and never became parallel. The curve of 

visual sharpness for green light lay still deeper than for red, and 

also rose persistently, though slowly. | The curve for blue light 

lay deepest of all, and very soon became parallel to the abscissa 

of the light intensity. In the case of a green-blind person, the 

curves for white, yellow, and red were the same as in the case 

of the normal eye, as there was likewise a coincidence for 

blue. The curve for green fell almost coincident with the 

low curve for blue. 
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THURSDAY, JUNE 3, 1886 

BRITISH FUNGI 

Hymenomycetes Britannici—Bkritish Fungi (Hymeno- 
mycetes). By Rev. John Stevenson, Author of “ Myco- 

logia Scotica.” Vol. I. Agaricus—Bolbitius. 8vo, pp. 
372, with Cuts. (Edinburgh: William Blackwood and 

Sons, 1886.) 

QUARTER of a century ago, the number of per- 

sons in this country who made any pretence to 
study the fungi might have been counted on the fingers, 

and almost on the fingers of one hand. At that time 

Berkeley’s “ Outlines of British Fungology” had just 
appeared, but with it came no visible evidence of an 
increased number of students. An unfortunate desire to 
limit the volume to a definite size and price acted in- 

juriously upon its contents. Half the bock was a mere 
list of names without descriptions, and in the other half 

the descriptions were reduced to short diagnoses, quite 
insufficient except for those who were somewhat expert in 

the study. The young student struggling to get some 

knowledge of these obscure plants had no alternative but 

to fall back on the supplementary volume of Hooker’s 
“English Flora” for the information he needed, oftentimes 

with much disappointment. Hence it is not surprising 
that only a few had the courage to persevere in a study 

for which there was no adequate text-book. It was not 
until 1871 that Cooke’s “ Hand-book of British Fungi” 

supplied what was required, and imparted a stimulus to 
the pursuit of that section of British botany, which has 
gradually increased in force, until at the expiration of 
another fifteen years, the “ Hand-book” is out of print, 
and out of date, with a greatly augmented body of 

students looking anxiously for a new edition, or an 
entirely new work. 

At this crisis, and under these circumstances, the work 

now before us has made its appearance, opportunely, and 

it is to be hoped satisfactorily, to filla vacant place. No 

apology is offered, and none is required, where there is 
no rivalry, and a manifest necessity has been created by 

the flux of time. If the new work fulfils all the conditions 
of such a “ Hand-book” of mycology as the student would 
require, there is a good and valid case in its favour. It 
must be conceded that although his previous “ Mycologia 
Scotica ” was little more than a localised catalogue, there 
was every reason to believe that the Rev. John Stevenson 
would bring practical experience and literary ability to 
his task, and acquit himself well in the production of a 

more elaborate work. In the result his friends have no 
reason to be disappointed. He has laboured conscien- 

tiously, and although in some things we do not agree with 
him, has accomplished a useful task. 

It is hinted in the preface, although not clearly stated, 
what is the character of the book, namely, that it is prac- 

tically a translation of Fries’s “ Monographia” in so far 
as the British species are concerned. There is no doubt 

that this was the best course to adopt, because there can 
be no two opinions of the value of Fries’s observations, 
and the book in which they are written is very rare, and 
beyond the reach of the ordinary student. Still it would 
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have been better not to have left this point in suspense, 
since a long detailed description which can be attributed 
without reservation to Fries is of infinitely more value 
than the most careful compilation would be. Unfor- 
tunately, any one who opens the book to consult it for 

the first time will at once conclude that the descriptions 
are the original production of the author, whose name 
appears on the title-page. We do not for a moment 
imagine that there was any desire to appropriate whole- 
sale and take credit for the product of another man’s 

brains, but unfortunately that zs done sometimes in 

scientific books, and an honest author should be above 

suspicion. 
Of the type, paper, and general appearance of the work, 

including the woodcuts by Mr. Worthington Smith, we 
have nothing to say except in strong commendation. 

But we cannot help quoting one sentence from the 
preface, which at least is original—“ The tendency in 
recent years has been to multiply species unnecessarily, 

and ultimately many so-called species must disappear. 
The pruning-knife must be unsparingly used ; but this 

must be the work of a Congress of Cryptogamic Botanists, 

not of individual authors.” This quotation is made 

without intention of dissenting from it, but as a prelude 
to a statement of the fact that in the present volume two 
sub-genera and about fifty species (good, bad, or indif- 
ferent) which have been recorded as British, some on the 

authority of the Rev. M. J. Berkeley, and many of them 

figured, are entirely excluded without comment or 

apology. Was this “the work of a Congress of Crypto- 
gamic Botanists or of an individual author?” 

Some writers, and compilers, of the present day exer- 
cise a questionable originality in the correction, or altera- 

tion, of the orthography of generic names which have 
been in use for, perhaps, half a century. No useful 
purpose is served, except the gratification of personal 
vanity, and the multiplication of synonymy. We note, 

on p. 304, an instance of this kind, where Psad/io¢a is 
written Psalota. Without inquiring which is most accu- 
rate, or most elegant, surely its uniform use by Fries, in 
the previous form, since 1821, should have been sufficient 
to protect it from the “ pruning-knife,” and given it some 
title to usage in perpetuity. To such manipulators of 

names we would commend the following sentence from 

De Candolle’s Commentary on the Laws of Botanical 

Nomenclature :—“In these kinds of questions, it must 
be borne in mind that the fixity of names is of superior 
importance.” 
We observe also two or three instances in which the 

orthography of specific names has undergone a change, 
but as it is just possible that these may be referred to 

typographical errors, and not to any intentional mutila- 
tion, we will accord the author the benefit of the doubt. 

Some apology is made in the preface for a departure 

in the present work from the ordinary method of giving 
first a short diagnosis of the species, and afterwards a 
detailed description. “I am aware,” it says, “that the 
departure from this method will touch existing prejudice ; 
but it seems desirable to avoid repetition, to the extent of 

one-third, or one-half, in the account of each species, and 
thereby to secure space for fuller description. Moreover 

the diagnosis is not lost. From the arrangement which 
is adopted in printing, the student, if he is a student at 
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all, can at a glance pick it out for himself.” We confess 
that we are not conscious ourselves of any prejudice 

which this arrangement touches inconveniently, since the 

diagnoses, by themselves, can be obtained in another 
form. 

This first volume extends to the end of the genus 
Bolbitius; a second yolume is proposed to complete the 
work, embracing all the British Hymenomycetes. Thus 

far we have descriptions of 822 species, corresponding to 
485 which were included in the “ Hand-book of British 
Fungi” in 1871, and 383 in Berkeley’s “ Outlines” in 
1860; whilst all the European species included in Fries’s 
“Hymenomycetes” up to the same point was 1271. 
Hence it would appear that two-thirds of the species 
enumerated by Fries as European have been found in 
the British Isles. This may not be absolutely accurate, 
since there are some included in the present volume 

which are not to be found in Fries,‘but the proportion is 
small and will not much affect the ratio. It is an inter- 

esting fact that the number of British species has been 
nearly doubled in fifteen years, which at least must be 

taken to indicate a larger number of observers and in- 
creased activity, for which there was. doubtless some good 

and sufficient cause. Although coloured figures of 
upwards of 700 out of the 822 species have been published 
in this country since 1881, that would scarcely have been 
an appreciable factor in the result. 

Criticisms of particular species would prove of little 
interest to any but practical mycologists, and therefore 
we forbear. In these times, when authority is held to 
have such slender claims, and independence of opinion is 

esteemed more highly than respect for the convictions of 

the old masters, it is a great consolation to encounter 

such an earnest and faithful disciple of the good old 

mycologist of Upsal as we meet with in the author of the 

book before us. Yet, notwithstanding this good trait, he 
has evidently a weak place in his human nature, without 

the tact to conceal it, and this is to be regretted, since 

rancour—like young chickens—comes home to roost. 

M. G; G. 

A MEDICAL INDEX-CATALOGUE 

Index Catalozue of the Library of the Surgeon-General's 

Office, United States Army. Vol. VI. Heastie-Insfeldt. 
(Washington : Government Printing-Office, 1885.) 

Bee Nest the vast and rapidly-increasing mass of 

4 scientific literature it is a singular satisfaction to 
meet with a first-rate work such as this ‘ Index Cata- 
logue,” which holds out good promise of being a clue to 
some parts at least of what is far too large for any single 

grasp. And if in any department of science it is more 
important than in another to trace generalisations to their 
foundations upon observations, and to have the facts 
before one, it is in medicine, which still contains so many 

dogmas whose foundations are not beyond attack, and so 

many observations in want of an adequate theory to 
explain them. In giving a clue to medical knowledge this 

“Index Catalogue” is in one respect at least, and in one 
very important respect, unique among its class ; for under 
subject-headings such as, in this volume, hernia, hooping- 

cough, hydrophobia, hip-joint, hospitals, hygiene, in- 
sanity, &c., it gives a list not only of all the books and 

pamphlets in the library dealing with them, but also a 
list of the full titles of all the articles on them in all the 
periodical literature that it possesses, Fournals, Trans- 

actions, Reports, Reviews, Bulletins, &c.; and when we 

reflect that the list of such peviodicals taken in by the 
Surgeon-General’s Office amounts now to at least 3005 
(of which a very considerable proportion are weekly or 
monthly publications), such a careful classification of 

their separate articles would seem to be beyond all hope. 
However, the unexampled energy of Mr. J. S. Billings 

and his able assistants, which gives us every month the 

Index Medicus, has proved equal to this gigantic task, 
which it would have seemed to most men mere 

foolishness to attempt. The advantage to the student 

is immense; for in such periodical literature, by 
modern fashion, a great number of important facts 
in medicine lie buried, and there would hardly be a 

chance of finding them without some such help as is 
given us here. For though the literature of science is 
far less at present in bulk than the literature of some 
other subjects, most notably divinity, yet the literature of 
natural science, even in one of its many subdivisions, such 

as medicine, is paralysing in its profusion. To take as 

an instance the literature of a disease which, though just 

at present it is the fashion to talk much about it, is yet 

so rare that many doctors with considerable experience 
have never seen it, viz. hydrophobia, we find catalogued 
here not only 368 books dealing with it specially, but also 

the full titles of more than 1900 signed articles, not in the 
general but the medical press of the European languages, 

that have to do with it as well; and yet that is not a fifth 
part of what is catalogued under ‘“‘ Cholera” in Vol. III., 
and not a tenth of what is catalogued under “ Fever” in 
Vol. V. The subdivision and arrangement of the masses 
of information so gathered together is admirable, and that, 

for subjects so difficult to deal with as hospitals and 
hygiene, which occur in this volume, is not a little to be 
proud of, and one that any student will appreciate. To 

the accuracy of every entry it would be absurd to pre- 

tend to testify on our own investigation, but frequent use 
of the five preceding volumes and some testing of this 

sixth volume leave us in little doubt that a very high 
standard was previously reached, and will be found to be 
maintained, and of course that is one of the points of 
cardinal importance in what is practically a dictionary of 

reference. 
The Washington Library, or, as we should say more 

accurately, the “ Library of the Surgeon-General’s Office, 

United States Army,” is one of the two or three largest 

collections of medical books in the world, and its growth 
has been astonishingly rapid. It was begun in 1830, 

and, after the first thirty years, in 1860, it contained only 

350 volumes. To what size, at the end of the next thirty 
years, in 1890, we may see it grow we hardly venture to 

speculate ; but in 1883 it stood at about 60,0co books and 

66,000 pamphlets, and took in more than 2600 periodi- 
cals ; and yet a careful critic last year estimated that for 
every hundred medical books that were in both the Wash- 
ington Library and the British Museum there were also 
another hundred in each that were not in the other. If that 
be true, it would not astonish us to hear that for every 
hundred held in common there were fifty or more in the 
Bibliothtque Nationale at Paris, which were not to be 
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found in either of them. The largest medical specialist 
library in England, that of the Medical and Chirurgical 
Society, cannot claim to be more than half the size of the 
Washington Library, or to contain many books that are 

not to be found elsewhere ; and it does not grow with all 
the rapidity of the New World. 

For some time probably all seekers after the most 
difficult and most complete medical knowlege will have 
to turn to this “Index Catalogue,” and will trust that 
Mr. Billings may be able to go on year after year putting 

forth his modest quarto of 1000 pages, until six or seven 
years may see him at the end of his great work. 

A. T. MYERS 

OUR BOOK SHELF 

Mémoires de la Société des Sciences Physigues et Natu- 
velles de Bordeaux, 3e série, tome i. (Paris ; Gauthier- 
Villars, 1885.) 

WE have frequently had occasion to direct our readers’ 
attention to the high-class memoirs which this energetic 
Society puts forth. The volume before us is one of a kind 
that we should like to see brought out by our own scien- 
tific Societies. Under the title “ Niels-Henrik Abel, sa 
vie et son action scientifique,” it contains a full and most 
valuable sketch, by Prof. C. A. Bjerknes, of Christiania, 
of the writings and life of one of the ablest and acutest 
mathematicians of modern times. That the account is a 
full one will be evident when we say that the work 
occupies 365 octavo pages: it is a translation in French 
from the original memoir, and is further enriched by a 
considerable appendix. The labour of seeing the present 
form of the work through the press has principally fallen 
upon M. Hoiel, to whom the author warmly expresses 
his thanks. Abel was born at Find6, Christiansand, on 
August 5, 1802, and died near Arendal on April 6, 18209, 
and was interred at Froland, 

The main body of the work consists of fifteen chapters, 
and the appendix occupies thirteen chapters more. His 
works, originally edited by M. Holmboe, the professor 
under whom he studied, were published in 1839, and quite 
recently a new edition was referred to in these columns. 

_ We give two or three extracts which show the apprecia- 
tion of his powers amongst his contemporaries, an appre- 
ciation which has rather increased than decreased since 
his death. Jacobi writes of a deduction Abel had drawn 
as being “elle est au-dessus de mes éloges, comme elle 
est au-dessus de mes travaux.” Legendre says, “il me 
tarde beaucoup de voir les méthodes qui vous ont 
conduit a de si beaux résultats; je ne sais si je pourrais 

les comprendre, mais ce quil y a de siir, c’est que je n’ai 
aucune idée des moyens que vous avez pu employer pour 

_ vaincre de pareilles difficultés. Quelle téte que celle dun 
_ jeune Norvégien!” Gauss expresses similar views, and 
on hearing of Abel’s death, wishes for particulars of the 
life “de cette téte eminemment distinguée.” We could 

easily add other extracts from Prof. Bjerknes’ admirable 
record of the distinguished Norwegian’s life, which is a 

_ fitting companion to the before-cited edition of “the 
works,” but forbear. Should any desire, with Gauss, to 

_ have his portrait, they will see here in the frontispiece the 
_ well-known, to some of us, lineaments. 

Solid Geometry. By Percival Frost, D.Sc., F.R.S. 
x Third Edition. (London: Macmillan and Co., 1886.) 

a would have been superfluous to recommend the third 
edition of Dr. Frost’s “Solid Geometry,” even if the 
third edition had been merely a reprint of the second. 
The book has now taken its position alongside the very 
best mathematical treatises in use, and requires “no 
oush.” What we have got to do with, however, is no | 

mere reprint: there is once again presented to us a 
notable increase of matter—much more than a cursory 
glance is likely to detect—and there has been considerable 
improvement generally. One change, greatly to the 
student’s advantage, is the careful graduation of the pro- 
blems at the end of each chapter, and the separation of 
them into groups. There is still a lack of references to 
original memoirs, and though, apparently, the author is 
conscious of it, he needs reminding that it is not sufficient 
merely to say that this or that is due to Cayley, Chasles, 
or any one else. Such incomplete statements serve only 
to give discoverers their dues; they do not assist the 
advanced and inquiring student. 
We have pleasure in learning that an Appendix is 

about to be issued giving hints for the solution of the 
problems, but the pleasure is far more than counter- 
balanced by observing that the title-page bears no longer 
the words “ Vol. I.,’ the inference being that Dr. Frost 
has followed the sad example of Thomson and Tait. 
There is no dearth of men willing and on the whole able 
enough to write mathematical text-books for beginners : 
those who could produce a volume to follow Frost’s 
“ Solid Geometry ” are rare as white crows. When found 
—by press delegates—they should not only be made a 
note of, but coerced. 

DETAILS SLOT ED MOR. 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or lo correspond with the writers of, rejected manu- 
scripts. No notice ts taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that tt tis impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts. | 

Flora of South Africa 

No one, who ever spent much of the impressionable period of 
his youth at the Cape, that land of lowly plants with exquisite 
flowers, —but will be vividly interested in the masterly description 
of those plants’ geographical regions of habitat, as given by Mr. 
Bolus, per your reviewer, ‘“‘J. D. H.,” on pp. 77-79 of your 
last week’s issue. 

But what can either one, or other, of those gentlemen mean 
by saying of ‘‘the Natal region” that it is ‘bounded on the 
east and south-east by the Atlantic” ! 

By the Indian Ocean if you like; and then you have a ready 
means of conveyance for those ‘‘ Indian types of plants, both in 
genera and species” which the above-quoted authors say do 
abound along that eastern coast of South Africa, —but which the 
Atlantic could never have brought to it. 

There is, however, a further local difference in the qualities of 
the two oceans, of such overwhelming importance to all vegeta- 
tion, that I wonder no mention appears of it in a Cape botanical 
essay. 
The Natal coast, for instance, on the east, is washed by a 

warm current from the equator, giving out so much steamy 
moisture that not only, as your article truly states, are there “the 
herbage- and bush- and tree-foliage greener, and the leafage 
larger” than elsewhere ; but there, in that region of luxuriously 
fed, densely growing plants, does game abound ; there do Kaffir 
tribes congregate and establish their kraals ; and thereto do Dutch 
Boers emigrate out of the old, dried-up, southern colony, and 
found new republics; while therein have we also, every few 
years, to wage successive wars either with them, or with Zulus 
or Amakosi tribes of various power, until British lives have 
been sacrificed by thousands, and British money expended by 
millions. 

But the west coast of South Africa, bless it, being washed by 
a cold current of the Atlantic coming from Antarctic seas, and 
giving out little or no vapour, even under a nearly vertical sun, 
—can hardly but be, even just as it is, an arid desert, where only 
a few starving Boschjesmen wander miserably up and down, 
existing perhaps on an occasional antelope, or roasted ants and 
stray locusts ; and no one fights there for permanent possession 
of the greund. : 
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Now all this egregious contrast between human society, as 
well as the flora, on the one side, versus the other, of Southern 
Africa (excepting some details dependent on the soil and the 
prevailing direction of the wind) are due to the Indian Ocean 
imparting to the air on the east coast an invisible, yet most 
potent quality which the Atlantic does not confer on the western 
coast. Could there then be found a more expressive emblazon, 
suitable to the present day, for a coat of arms for one of the 
flourishing new Governments on the eastern side of South 
Africa, than a wet, and dry, bulb hygrometer pictured with both 
bulbs marking 85° F., and with the surf of the Indian Ocean 
beating in the distance? C, PIazzi SMYTH 

May 29 

The Composition of the Edible Bird’s-Nest 

As I have been much interested in the controversy concerning 
the composition of the edible bird’s-nest, and particularly in the 
bearing of Mr. Green’s investigations, which are given at length 
in your last issue (p. 81), would you permit me to give the result of 
some observations I made on this subject in the Solomon Islands. 
It will be remembered that it was the association of these nests 
with a so-called ‘*fungoid growth” in the caves of North Borneo 
that led Mr. Pryer to consider that he had found the source of 
the material of which the nests are made, a supposed discovery | 
which led to the re-opening of the controversy (NATURE, 
vol. xxx. p. 271). This low plant-substance was determined by 
Mr. George Murray to be the result of the growth of a micro- 
scopic alga, a species, probably new, of Gleocapsa (Proc. Zool. 
Soc., 1884, p. 532)- 

In the Solomon Islands I was only able to obtain the edible 
nest in one locality (Oima Atoll) since the bird usually frequents 
inaccessible sea-caves and cliffs. The nests were of inferior 
quality, and were for the most part composed of fibrous materials 
derived from the vegetable drift (the husks of pandanus seeds 
especially). The gelatinous substance thickly incrusted the in- 
terior of the nests, and attached them to the rock. The surface 
of a cliff in the vicinity of the cave frequented by the swifts was 
coated by a reddish gum-like growth, which proved on exami- 
nation to be an aggregation of the cells of a protophytic alga 
about 1/2500 of an inch in size. Unfortunately my specimens 
of this growth have miscarried, but I feel assured that it is very 
similar to that observed by Mr. Pryer in the Borneo caves, 
samples of which, through the kindness of Mr. George Murray, 
I had the opportunity of seeing at the British Museum, A 
similar growth is commonly to be found coating the coral-lime- 
stone cliffs in this group, It may be seen in all stages, the older 
portions being dark-coloured and rather tough, and the fresher 
portions being, as Mr. Pryer aptly remarked, like half-melted 
gum tragacanth. There are but few cells in the fresh alga, the 
mass being apparently composed of cellular debris, immersed in 
a rather diffluent material, the whole somewhat resembling the 
third section given in Mr. Green’s paper. 

That the salivary glands are especially concerned in the pro- 
duction of the gelatinous nest-substance there can now be but 
little doubt, and the investigations of Mr. Green have established 
the nature of its composition ; yet it is possible, and I make the 
suggestion with great diffidence, that a vegetadle mucin, or a sub- 
stance closely allied to this animal product, may be found in these 
low plant-growths. H. B. Guppy 

95, Albert Street, N.W., May 29 

“* Arithmetic for Schools ” 

In NaTuRE of May 20 (p. 51) there appears a criticism of 
my ‘‘ Arithmetic for Schools,” in which your reviewer states :— 
“‘In the purely arithmetical part of the book logical accuracy is 
attempted with considerable success. Want of grasp is much 
more evident in the part which deals with the applications. 
Then the division into subjects is strangely illogical, and slight 
inaccuracies of thought and language occur. Is it really the case, 
for example, that rate of interest (p. 181) is totally independent 
of time?” These are very serious charges to make against a book 
of the kind, and ought not to be made without very good rea: on. 
As your reviewer suggests the inferences (1) that the book is 
divided into parts, one of which contains the “‘pure arithmetic,” 
and the other the ‘‘ applied,” and (2) that it is stated that ave of 
interest ts totally indefendent of time, and as neither of these 
inferences has any foundation in fact,. it seems only fair to myself 
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that your reviewer should be asked to quote verbatim the other 
slight inaccuracies on which he bases his general statement. 

Gonville and Caius College, May 24 Joun B. Lock 

SUNSPOTS AND PRICES OF INDIAN FOOD- 
GRAINS 

jpBs the volume of the Bomdbay Gazetteer which deals 
with the province of Kathiawar, there is at page 217 

a long list of prices of the principal food-grains at Bhay- 
nagar. The list contains, along with other information, 
the price of Indian millet for nearly every year from 1783 
to 1882. This series of figures is long enough to afford 
the means of testing whether there is any tendency, in 
India, for times of scarcity, and consequent dearness of 
food, to recur after more or less regular intervals of 
years. 

Ever since the discovery by Schwabe of the periodicity 
discovery by Sabine of 

the same periodicity in the variations of the earth’s 
magnetism, there has been a growing belief in the minds 
of scientific men that the varying condition of the sun 
exerts a far greater influence on terrestrial affairs than is 
usually thought at all probable, and various investigators 
have traced, with more or less definiteness, a periodicity 
of eleven years—coinciding with that of the sunspots—in 
the variations of the rainfall, in those of the temperature 
and pressure of the atmosphere, and in the frequency of 
storms, &c. The late Prof. Stanley Jevons went so far 
as to express the opinion that even trade depressions — 
are the remote effects of corresponding variations in the 
condition of the sun. 

I am not aware that any attempt has hitherto been made 
to trace out any direct connection between the variations — 
of prices in India and solar phenomena. The apparent 
hopelessness of the task has probably acted as a sufficient 
deterrent, for although it may be reasonable to suppose 
that solar variations influence the rainfall and other purely 
physical phenomena, yet it is well known that there are 
many causes of variation of price which cannot, with any 
show of reason, be attributed directly to the sun. Such, 
for instance, are wars, the gradual increase of the popula- 
tion, variations in the quantity of money in use, changes 
in the total volume of trade, &c. These circumstances 
complicate the problem very much, but it does not neces- 
sarily follow that it is hopeless to attempt to trace the 
possible influence of solar periodicity on the prices; for 
there are statistical methods by which most of the dis- 
turbing influences can be approximately, if not entirely, 
eliminated. Indeed, when these methods of elimination 
have been applied, it may be found that the solar periodi- 
city is more decidedly traceable in the prices than in the 
rainfall: for, in the one case, the produce of every field 
exercises its due share of influence in determining the 
price ; while, in the other case, the quantity of rain actually 
measured is but an infinitesimal portion of the whole 
quantity which falls, and may therefore very imperfectly 
represent the total rainfall over the whole of a district. 

In considering a price in relation to the causes of varia- 
tion to which it is subject, it may be thought of as divided 
into portions, each portion being assigned to its own 
particular cause. What is wanted here is to separate as 
distinctly as possible that portion which may be due to 
the variation of the influence of the sun from all the rest. 
But before any satisfactory attempt can be made to dis- 
tinguish that portion of the price variation which may be 
due to variation of solar influence from the portion due 
to the average amount of solar influence and to other 
causes, it is necessary to adopt some standard of com- 
parison which may reasonably be supposed free from solar 
effects of a periodically variable nature. Now as the — 
physical state of the sun is known to go through a com- 
plete cycle of changes in a period of almost exactly eleven 
years, the average price for any consecutive eleven years’ 
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will be affected by the average amount of solar influence, 
and the difference between this average price and the 
actual price for the middle year of the eleven will be 
affected by the difference between the average condition 
of the sun and its actual condition in that middle year. 
This difference of price may also include the effects of 
other extraneous and non-periodic causes. Eleven years 
after the middle year just mentioned the sun will again 
be in its former condition, and a similar price difference 
for that year may be calculated. The same process may 
be carried on to the twenty-second, thirty-third, &c., years, 
and it will then produce a series of price differences 
equally affected by equal periodical solar influence. Non- 
periodic causes will, however, sometimes tend to unduly 
raise these price differences, sometimes to depress them, 
but on the average such disturbances will, in a long series 
of years, tend to balance each other, leaving the periodical 
portion of the solar influence outstanding. If, for instance, 
the years for which the calculations of the price differences 
have been made are those in which the sunspots are at a 
maximum, the average price difference will show how 
much prices tend to be raised or depressed by that con- 
dition of the sun which produces most spots. A similar 
series of calculations may be made for the years in which 
the spots are at a minimum, also for the intermediate 
years when the spots are increasing, and for those years 
when the spots are decreasing. <A set of eleven average 
price differences, one for each year of the sunspot cycle 
of eleven years, will thus be obtained, and_if, on arranging 
them in consecutive order, they show that prices are, on 
the average, decidedly high in those years when there are 
few sunspots, and decidedly low when the sunspots are 
numero«s, or if they show any other decided and system- 
atic variation in the sunspot period, the conclusion will be 
that the sunspot cycle does really affect the prices. If, 
on the other hand, the prices do not change in any system- 
atic manner in the different years of the sunspot cycle, the 
conclusion will be against the hypothesis of a periodical 
variation of the prices corresponding to the periodical 
variation of the sunspots. 

There is one point of view from which this method of 
taking differences is open to some objection. Suppose, 
merely for the sake of illustration, that the average price 
of millet throughout some particular sunspot period of 
eleven years is 50 pounds for a rupee, but that in the 
year of maximum sunspots the solar influence is such as 
to double the crop and lower the money price or raise 
the quantity price proportionately, that is, to 100 pounds 
forarupee. The price difference for that year would be 
50. If, however, by reason, say, of a more plentiful 
supply of money, the average price of millet for the whole 
of another sunspot period of eleven years is only 25 pounds 
for a rupee, and the crop in the year of maximum sunspots 
is, through solar influence, similarly doubled, the quantity 
price would only rise to 50 pounds, and the price differ- 
ence would be only 25, although the solar influence, which 
is supposed to have produced the change, is the same as 
before. The difference between the two results would be 
due simply to the more plentiful supply of money, not at 
all to a difference of solar influence. This shows that it 
is needful to adopt some modification of the method, 
which will allow for gradual changes in the amount of 
money in use, and other similar causes of alteration of 
price. Such a modification will be made if, instead of 
taking price differences, the actual price of the middle 
year of the eleven is expressed as a percentage of the 
average price. Expressed in this way, the percentage for 
the year of maximum sunspots in each of the above ex- 
amples would be 200, that is to say, in each case the 
number of pounds for a rupee would be 100 per cent. 
greater than the average number. 

Table I. contains the Bhavnagar price list expressed in 
the percentage form in the manner just described. Inthe 
original table the prices are expressed in pounds for a 

rupee. If, therefore, the number for any year in Table I. 
is 125, it means that the number of pounds of grain for a 
rupee is 25 per cent. greater than the corresponding 
eleven-yearly average ; and if the number is 75 it means 
that the number of pounds for a rupee is 25 per cent. less. 
In other words the excess above or the defect below 109 
shows how much per cent. the number of pounds for a 
rupee is above or below the corresponding eleven-yearly 
average. 

TABLE 1.—Percentages, Bhavnagar. 

Years. peer eet IM) oe Soll ey) exsyil| Be: 

1783 to 1793 . . | 57] 66) 56 143/157 172|185|104] 24] 60) 61 
1794 to 1804 . . | 66) 69/140 163/145|/131|108| 82) 78) 75) 63 
1805 to18i5 . . | 70) 117 97/139|124|115|106| 78] 38) 69] 85 
1816 to 1826 . , |118)159)162/103| 68 81] 78|x11| 71) 51) 74 
1827 to 1837 . . |14I 98|137| 96)121)131/135| 71| 78] 79} St 
1838 to 1848 . gt| 58100] 92!) 81/141|164| 93) 86)107| 66 
1849 to1859 . . |132) 96) 96,102) 104/100} 106) 112/109) 84\122 
1860 to 1870 . . |103/100;103] 86] 52] 62) 87|105|104) 92) 84 
1871 to1881 . . | 93] 93/133/126 126|107| 89] 75) 71) So|118 
1882 =. St Airs | 

Means, including 
1863 to 1866 . | 97] 95|114\117|109|116|118| 92) 73) 78) 84 

Means, excluding 
1863 to 1866 . | 97| 95|114|120|116|122|121) 92) 73 78| 84 

Smoothed means. | 93|100|111|117|118/120|114| 94) 79) 78) 86 

The numbers of Table I. are arranged in lines of eleven 
numbers each, so that the numbers occurring at equal 
intervals of eleven years, beginning with 1783, all fall in 
the first column, those occurring at equal intervals begin- 
ning with 1784, all fall in the second column, and so on. 
Now if there is any decided tendency for high or low 
prices to recur at more or less regular intervals of about 
eleven years, the great majority of the high prices should 
be found in a few contiguous columns in one part of the 
table, and the great majority of the low prices in a few 
contiguous columns in another part of the table. An 
examination of the numbers of Table I. shows that this is 
the case, for in columns 9, 10, and 11, no less than twenty- 
two out of the twenty-seven numbers are below Ioo, and 
only five of them are above 100 ; while in columns 3 to 7 
the great majority of the numbers are above 100. 

The average results are given at the foot of the table. 
They show that there is a decided tendency for years of 
high and low prices to recur, with some regularity, in a 
period of eleven years, five consecutive years being good 
years, when money prices are below the average ; and the 
six following years being bad years, when money prices 
are above the average. The years which give the highest 
average money price, or the smallest number of pounds 
for a rupee, are those in column 9. The average number 
of pounds for a rupee in those years is 27 per cent. below 
the eleven-yearly average. The years which give the 
lowest average money prices are those in columns 4, 6, 
and 7. The average number of pounds for a rupee in 
those years is about 17 per cent. greater than the eleven- 
yearly average. There is thus an average difference of 
44 per cent. between the years of low prices and those of 
high prices. This percentage difference would have been 
considerably greater if the prices had been reckoned in 
rupees for a fixed quantity of grain, instead of in pounds 
of grain fora rupee. To show that this is the case it is 
only necessary to convert the three prices 117, 100, and 
73 regarded as pounds for a rupee, into their correspond- 
ing rupee prices, that is to say, into the number of rupees 
which would in each case be required to purchase 100 
pounds. These are 0°85, 1°00, and 1°37 respectively, 
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giving a difference between the highest and lowest of 0°52, PRICES of FOOD GRAINS in INDIA 
or no less than 52 per cent. of the average price, which is RecKONED IN POUNDS FOR A RUPEE. ~ 
8 per cent. more than the corresponding difference in the 
pound prices. Although this illustration by no means 
exhausts the question of the difference between quantity 
prices and money prices, it suffices for the purpose of 
guarding against the erroneous supposition that results 
worked out in quantity prices are directly applicable to 
money prices. 

Having now found such remarkable evidence of regu- 
larly recurring periodical variations of the price of the 
staple food-grain at Bhavnagar, amounting on the average 
to more than 50 per cent. of the average money price, it 
seems desirable to inquire whether similar variations of 
price have taken place from year to year in other districts. 
For this purpose I have selected from the various volumes 
of the Bombay Gazetteer all those price lists which extend 
over periods of fifty years or more. These are for the 
districts of Ahmedabad, Kaira, Surat, Khandesh, Poona, 
Bijapur, Dharwar, Belgaum, and Kanara, and to these I 
have added Madras, for which station a long price list is 
given in the Report of the Indian Famine Commission. 

The best way of testing whether any considerable por- 
tion of the variations of price in these districts can be 
regarded as regularly recurrent in a period of eleven years, 
corresponding to that of the sunspots, is to calculate the 
average eleven-yearly variation by the method already 
applied to the Bhavnagar prices. These calculations have 
been made. The results are entered in Table II. The 
corresponding average sunspot variation is also given. 

YEARS OF SUN-SPO 

TABLE II. 

dalle 
4 | 4 & a ro r PA 
2 aN eh cell os 5 Siaeise | Elles 
a | BW ecg geile Cam) ae Ree a Al 
Ata Milo) Shs leas le) ewes |__| Fie.e! 

oo le Bh : aS!) ee || BiwAPU 
? 7 lawl ere 

1813 1783 1790 1825| r8cq 1823! 1824 1823) 1824} 1811! 1810 = 1823 to 1882 ¥ears.) to | to | to | to | to | to | to | to | to | to to | 
ie 1882 | 1882] 1879 1882 1882 | 1882| 1883] 1882 | 1877] 1875, | | 

if - | fee 
gore 91) 97} 99) Tol; 119, 124 113] 115] 95] 116] 84-q 
Be tor 95] Io1| 89 99| or) 91| 102| 102| 109) 72°1 
3+ | 120) 114) 115) r21/ 113 102] 111) 98] 112] 110] 584 
4. | Ifo) 120} 110) 123) 113] 127) 108) 112] 114] 123| 45:0 
5 - | 104 116) 119) 118) 108) 114! 117| 106) 115| 115| 32°0 
6 . | 126 122) 116] 126] 102) 80| 106] 120] 105] 89) 19°6 
Z- | 110 121) 95) 78) 75) 67| 78) 69] 103] 83) 974 
8. | 98 92! 75] 83] 81] 88] 106! 92| 93) 75] 12-2 
on 82, 73| 76] 83] 89) 101] 92; 120 93] 77 33°2 | 

TOM: 73, 78) 87) 75| 81] 111] 103! 115] 88] 87) 64:0 
Teg 89 84 105 104| 126 112) 103 100 OSMeuISINO2°3 

| | | ' | 

In calculating the average sunspot variation the sunspot 
numbers before 1811 have been excluded, partly because 
they are very much less reliable than the numbers for the 
later years, from lack of continuous observations, partly 
because the mean variation for the later years will be more | 
directly comparable with the price variations, which, ex- 
cept in two cases, are deduced from the data of the years 
following 1810: In calculating the average eleven-yearly 
price variations the data for the years 1863 to 1866 have 
been excluded, because it is known that in those years 
prices were very much raised by the influence of the 
American war. 

There is some irregularity in the eleven-yearly price 
variations (especially in those for Dharwar and Belgaum) |_WOLF'S which can hardly be attributed directly to the solar in- | SUN-SPOT 
fluence. The best way of removing this irregularity will NUMBERS 
be to take the means of each consecutive pair of the eleven 1810 to 1875 . 

| “The year 1871 is taken. as the first year of the sunspot cycle of eleven 
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average numbers which constitute the eleven-yearly price 
variation, and to repeat the process on the new means, 
This has been done, and the results are given in 
Table III. 

TABLE III. 

3 Fo | : | 
pred lla lente 5 Aol as 4 
eee) oes erst ese ||) ast) erga edie 

= |/e/eie1s oi i|o |a/] a) Ss 3 Alsia le (/¥le lela l/ale)/e]4 
Lal 

| £813 | 1783 | 1790| 1825 | 1809 | 1823 | 1824 | 1823 1824) 1811} 1810 
Years, to to to to to to to to to to to 

1877 | 1882] 1882] 1879 | 1882] 1882] 1882 | 1883] 1882 | 1877] 1875 

i} —h = i at i} 

a 93] 93} tOI| 99] 116] 115] 105) 108] 97] 113] 83:2 
2. | 103] 100] 104] 100] 107] 107] ror] 104] 103] 111] 71°7 
3. | 183] 111] 110} 113] 109] 108] 105] 102} 110) 113] 5875 
4 . | 101} 117) 1x13) r2t] £12) 117} 111] 107] 114) 118] 45°1 
5. | 101} 118] 116) 121] 108] roo] 112) 111) 112] 10] 321 
6. | 116} 120] 11z| 112] 97] 85] 102/ 104! 107} 94] 20°1 
7- | 111) 114) 95) 91 83) 75] 92] 87| 101] 82! 12°6 

8. | 97] 94] 80) 82) 81) 36) 95) 93) 95) 77] 16°7 
9. 84) 79} 78) 81) 85) 100) 98} 112 2) 79 35°6 

Io. 79! 78) 89) 84] 94] 109] 100] 112] 91] 91] 6373 
Ir. | 85] 86) 99} 96) 113] 115) 105] 107] 93] 107] 83:2 

These smoothed results are graphically represented 
by the dots connected with black lines in Figs. 1 to ro. 
To show the effect of the smoothing process the original 
unsmoothed numbers, viz. those of Table II., are graphic- 
ally exhibited over the smoothed curves by the dots 
joined with faint dotted lines. It will be seen from these 
figures that the application of the smoothing process has 
got rid of almost all the irregularity. At the same time 
it has somewhat unduly reduced the range of the eleven- 
yearly variations. The amount of this reduction may be 
roughly estimated by applying the same smoothing pro- 
cess to the eleven average sunspot numbers given in the 
last column of Table II. This has been done in the last 
column of Table III. The results are curved in Fig. 11. 
The range of the original unsmoothed numbers is 82°9, 
that of the resulting smoothed numbers is 706; that is 
to say, the range of the smoothed numbers would have to 
be increased by 17 per cent. of itself to obtain the full 
range of the original numbers. From this it may be in- 
ferred that the range of each of the smoothed eleven- 
yearly price variations represented by Figs. 1 to 
10 is too small, and should be increased by about 17 
per cent. of itself to obtain the full range of the variation. 
On the other hand, the extreme range of the unsmoothed 
numbers will probably be somewhat too great in most 
cases, because the data do not extend over a sufficient 
number of years to eliminate completely the effects of 
casual fluctuations. The true mean range of the variation 
caused by solar influence will therefore probably lie some- 
where between the range of the unsmoothed numbers and 
that of the smoothed numbers. The ranges ef both the 
unsmoothed and the smoothed variations are shown below 
for each district. The range of each smoothed variation 
increased by 17 per cent. of itself is also given, 

all ; 
4 Sp Fj s g Fy fal) ee 
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Unsmoothed .| 53 | 49 | 44 | 51 | 51 | 60 | 39 | 51 | 27 | 48 
Smoothed. .| 37 | 42 | 38 | 40 | 35 | 42 | 20 | 25 | 23 | ar 
Smoothed, plus 

17 per cent.) 43 | 49 | 44 | 47 | 41 | 49 | 23 | 29 | 27 | 48 

Now these results reveal the remarkable fact that, amid 
all the apparently irregular fluctuations of the yearly 
prices, there is in every one of the ten districts a periodi- 
cal rise and fall of prices once every eleven years, corre- 
sponding to the regular variation which takes place in the 
number of the sunspots during the same period. They 
also show that in seven out of the ten districts the range 
of the eleven-yearly variation of prices lies between 40 and 
50 per cent. of the average price, and that in the remain- 
ing three districts the range lies between 20 and 30 per 
cent. The ranges are greatest in those districts where 
scarcity and famine are most frequent, smallest in those 
which enjoy the greatest immunity in these respects. In 
Bijapur and the neighbouring districts of Belgaum and 
Dharwar the highest prices occur in the year of minimum 
sunspots ; in Madras, Poona, and Khandesh a year or two 
later; in Kanara, Kaira, and Bhavnagar two or three years 
later ; and in Ahmedabad three years later. The lowest 
prices occur in all the districts from three to five years 
after the year of maximum sunspots, that is to say, three 
years after at the southern stations; four or five years 
after at the northern. Bijapur and Poona are the first to 
show a very decided rise of prices, and this rise takes 
place in the year preceding the year of minimum sunspots. 
At all the other stations a very decided rise takes place a 
year or two later. 

From what has been said it follows that the intervals 
of time between the year of minimum sunspots and the 
years of highest prices are less than the intervals between 
the year of maximum sunspots and the years of lowest 
prices. This shows that the eleven-yearly price variations 
do not exactly correspond to the eleven-yearly sunspot 
variation. The reason may be that on the occurrence of 
scarcity prices rise very rapidly, while on the return of a 
season of plenty they fall much more slowly, because the 
reserve stocks of grain consumed during a period of 
scarcity cannot be fully replaced until good crops for 
several successive years have been secured. If it were 
possible to obtain data showing the actual out-turn of the 
crops of each year, it would perhaps be found that the 
eleven-yearly variations calculated therefrom would corre- 
spond to the sunspot variation even more closely than the 
price variations correspond to it. 

In estimating the significance of these eleven-yearly 
variations it must be remembered that quantity prices, 
not money prices, have been dealt with, and that the 
corresponding money prices would show a much greater 
percentage rise in dear times, and a less percentage fall 
in cheap times than are shown by the quantity prices. 
Indeed, to a person accustomed to thinking of money 
prices the quantity prices are apt to be very misleading 
if the difference is not constantly borne in mind, as may 
be seen from the consideration that if the quantity price, 
that is, the number of pounds for a rupee, becomes 50 per 
cent. less, that is dearer, than usual, the corresponding 
money price is Ioo per cent. higher; while if the quantity 
price becomes 50 per cent. more, that is cheaper, the 
corresponding money price is only 33 per cent. lower, 
From a money point of view, therefore, a fall of 50 per 
cent. in the number of pounds for a rupee is much more 
serious than it seems to be, while a rise of 50 per cent. in 
that number is less advantageous than might at first sight 
be supposed. For financial purposes it would probably 
be best to convert the quantity prices at the beginning 
into their money equivalents, because it is impossible 
accurately to convert results (such as averages and the 
like) worked out in quantity prices into corresponding 
results, expressed in money prices.’ Such conversions 
always give a too favourable appearance as regards cheap- 

1 For purely scientific purposes it would perhaps be test to work with the 
logarithms of the original prices, instead of with the prices themselves, re- 
gardless as to whether the prices are expressed in pounds for a rupee, or in 
rupees for a fixed quantity of grain. It would then be possible to pass 
directly from the results of one system to those of the other, without haying 
to go through the labour of recalculation. 
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ness of food in times of plenty ; and make the dearness of 
food in times of scarcity appear far less serious than it 
really is. 

One of the most important practical results of this in- 
vestigation probably is, that it affords a certain amount of 
power to predict the variations of prices in the coming 
sunspot cycle. Of course, until all those fluctuations 
which appear at present to be subject to no law have been 
explained and reduced to order, if ever that should be 
possible, exact prediction in any individual case is alto- 
gether out of the question, but as there is a regularly | 
recurring eleven-yearly wave of prices running through 
the irregular fluctuations and following the sunspot wave 
in the manner defined by the curves, it is possible to form 
an estimate of the general level of prices in the different 
years of the coming sunspot cycle. There is thus some 
reason for believing that the present period of low prices 
following the last maximum of sunspots, which appears to 
have occurred about the end of 1882 or early in 1883, will 
not last very much longer, a brisk rise of prices being due 
in the Deccan and in Madras five years after the sunspot 
maximum, that is, in 1887 or 1888, and in more northern 
districts a year or two later. 

This estimate will, of course, be subject to modification 
if it should be found that the sunspot curve is declining 
towards its minimum more or less rapidly than usual. 
The last period of sunspots appears to have been some- 
what longer than the average, that is, about twelve years 
from the maximum of 1870 to that of 1882, instead of the 
normal length of almost exactly eleven years; and the 
coming minimum may possibly follow the last maximum | 
more quickly than usual. Fortunately, the sunspot 
observations are not the only indicators of this cosmical 
periodicity, for,as I have shown in a paper communicated 
to the Royal Society in 1884, the magnetic observations 
recorded at the Colaba Observatory afford far smoother 
and more definite indications of this periodicity than the 
sunspot observations ; and, what is even more important, 
the eleven-yearly magnetic variation precedes the sunspot 
variation by almost exactly six months, so that the 
magnetic indications are given half a year earlier than 
those of the sunspots. FREDERICK CHAMBERS 

Bombay, April 1886 

THE PHYSICAL APPEARANCE OF MARS 
IN 1886 

SERIES of observations of Mars were obtained 
here in March and April last with a 10-inch silver- 

on-glass reflector by With of Hereford. The powers 
employed were 252 and 475, but I found no advantage 
from the latter, which seemed too high for the purpose. 
As arule a single lens magnifying 252 was amply suffi- 
cient, though there were several occasions when a power 
of about 350 would have been a decided acquisition. 

The planet came to opposition on March 6, but during 
the first three weeks of March we had intense frosts, and 
it was not feasible to commence observations until to- 
wards the end of that month. The opposition magnitude 
of Mars was only 16’°6, so that as regards apparent 
diameter the planet was far from being favourably placed. 
At the opposition of 1877 the diameter was no less than 
295. But at the recent opposition the north hemi- 
sphere of the planet (which has not hitherto been so 
thoroughly examined as the south hemisphere, and does 
not exhibit so many striking features) was well presented 
for observation, the latitude of the centre of the disk 
being about 22° N. in March and April. 

The markings seen were both numerous and diversified. 
There is evidently a mass of detail on the planet, which 
is, however, most difficult to trace out in reliable charac- 
ters. Many faint lineaments reach the eye with sufficient 
distinctness to prove their existence, but they cannot be 
held steadily enough or with that perspicuity to allow of 

| be intelligible without drawings. 

the delineation of their outlines, or to enable their relative 
positions to be correctly assigned. Only the more pro- 
nounced features can be drawn satisfactorily. The small 
diameter of Mars during the recent observations has in 
a great measure induced this uncertainty as to the physi- 
cal aspect of the disk. Another cause is found in the 
rarity of really good telescopic images. Not only must the 

| atmosphere be peculiarly favourable to sharp definition, 
| but there must be an absence of wind. A complicated 
system of markings cannot be made out under the in- 
fluence of annoying vibrations. Moreover, this planet, 
considered as a telescopic object, is far less satisfactory 
than either Jupiter or Saturn, and this circumstance, 
with the other drawbacks alluded to, have given rise to 
that uncertainty, and to many of the discordances, in 
regard to the visible markings observed on his surface. 

My intention in the present paper is merely to describe 
ceneral results, as a particular description would scarcely 
b Between March 23 and 
April 30 the planet was examined on twenty-one evenings, 

| and a considerable number of sketches were completed. 
During the period mentioned the weather afforded an 
unusual number of clear nights, and whenever the seeing 
was fairly good the visible features were carefully noted, 
the results being afterwards compared with each other and 
with former work in the same direction. My drawings 

| correspond very closely amongst themselves, and there is 
a fair agreement in the main features with those depicted 
on the charts of Green, Schiaparelli, Knobel, and others. 
I have also compared them with the views given in Terby’s 
work on Mars and with Boeddicker’s drawings of 1881 
and 1884 (with Lord Rosse’s 3-foot reflector) published 
in the scientific Zyazsactions of the Royal Dublin 
Society, and find in many instances a substantial con- 
firmation. Some of the differences are larger than would 
have been considered probable, but experience has 
taught us that it is useless to expect uniformity in 
delineations of planetary details. 

During the five weeks over which my observations ex- 
tended I saw no conclusive evidences of physical changes 
in any of the markings. But the period was too limited, 
and the circumstances affecting the review altogether too 
unfavourable, to enable me to speak definitely on this 
point. The slight differences apparent amongst my 
drawings are merely such as were occasioned by changes 
in local atmospheric conditions. On a bad night faint 
markings, previously distinguished, would appear obliter- 
ated, and on thoroughly good nights I saw delicate 
appearances which were utterly beyond reach on less 
auspicious occasions. I am convinced that these changes 
in the character of the seeing, exercise great influence on 
the distinguishable features of a planet ; more so, in fact, 
than observers usually concede. Inferences of real 
change are sometimes hastily adopted in consequence, 
but they can only be substantiated after the most searching 
examination and the most convincing proofs. 

The exterior edges of many of the well-defined seas on 
Mars are very brilliant, and their boundaries very de- 
finite. These brilliant outlying borders remind one of 
the light areas often abutting on the dark spots of Jupiter, 
only in the case of Mars they are more extensive, more 
permanent, and altogether dissimilar in form. I may 
instance a particular case of this bright bordering in the 
immediate region east of the Kaiser Sea on Mars. On 
several occasions this was so striking as to vie with the 
bright patch about the north pole. This shimmering 
extends several degrees east of the dark outline of the sea, 
but is limited by a faint and irregularly-condensed mark- 
ing extending northwards, with an inclination east, from 
the knot in longitude 290° just east of the north extremity 
of the Kaiser Sea as figured in Mr. Green’s chart. This 
marking runs over a considerable tract, and its east ex- 
tension underlies Davies’ forked bay and Burton Bay, to 
both of which it is connected by faint ligaments of shade, 



Fune 3, 1886] NATURE 105 

reminding one of the “canals” of Schiaparelli. This 
special marking, which is not included in Mr. Green’s 
map, may be identical with the network of dark narrow 
streaks figured in this region by Schiaparelli in his chart 
for January and February, 1882. It is also more or less 
definitely shown in some other drawings, notably on one 
by Schmidt, which forms No. 17 in Dr. Terby’s 
Areography. 

As to the Kaiser Sea, it appears very faint and narrow, 
if not really broken, in the region some 10° or 15° south 
of its north extremity. This peculiarity is well drawn in 
Herr Boeddicker’s drawings of December 27, November 
19, and December 26, 1881 (Nos. 11, 13, and 14) in the 
scientific 7yazsactions of the Royal Dublin Society for 
December, 1882. Consulting other drawings I cannot 
find that this feature is sufficiently indicated. It is obvious, 
however, that it would only be well detected when placed 
near the apparent centre of the disk as during the recent 
opposition. 

Mr. Knobel’s drawings in 1873 (JZonthly Notéces, vol. 
xxxili., facing p. 476) agree generally with mine far closer 
than those he has published in the Memzozrs, vol. xlviil. 
part ii., 1884. I always see Knobel Sea on Green’s chart 
separated on its south side from the fainter curving band 
running east, as in the sketches Nos. 6, 7, 8, and 9, 1873. 
This break is not depicted in the subsequent drawings of 
1884, so that the appearance has either been subject to 
actual variation of aspect or the difference of inclination 
has originated the want of uniformity. Probably the 
latter is the real cause, for the inclination of Mars in 
April and May, 1873, was nearly identical with that of 
March and April, 1886, and it is for these periods the 
drawings are so nearly alike in their more conspicuous 
forms. Isee the northern boundary of Knobel Sea dis- 
tinctly separate from the dark longitudinal strip imme- 
diately contiguous to the north polar cap. The drawing 
No. 12, May 19, 1873, by Mr. Knobel, portrays the leading 
features of this region much as I have more recently ob- 
served them. In 1884, Mr. Knobel delineated the whole 
mass of shading outlying the north pole as blended uninter- 
ruptedly, but these differences are unquestionably due to 
the changes of inclination, which must necessarily intro- 
duce such discordances into the apparent forms of the 
markings as observed at different epochs. 

As to the canal-shaped features of Schiaparelli, first 
seen in 1877 and 1878, and subsequently confirmed, I 
have distinguished a large number of appearances highly 
suggestive of such a configuration, but the Italian 
drawings made during the three months from Oc- 
tober, 1881, to February, 1882, give them a definite cha- 
racter, and (apart from their duplication) a straightness 
of direction and general uniformity of tone which my 
observations do not confirm. The more delicate and 
complex markings on the planet appear to my eye, under 
the best circumstances, as extremely faint, linear shadings 
with evident gradations in tone and irregularities oc- 
casioning breaks and condensations here and there. If 
they existed under the same aspect and with the same 
boldness as delineated by Schiaparelli, they would have 
been readily detected here whenever the seeing was fairly 
good, for these objects are referred to as readily observed 
in the 8-inch refractor of the Milan Observatory in Feb- 
ruary, 1882, when the planet’s diameter was only 13’. The 
duplication of these lines was also traceable under the 
same unfavourable conditions. The wonder is, not that 
the eminent Italian astronomer has discovered such a 
marvellous extent of curious detail on this planet, because 
this detail unquestionably exists, though scarcely in the 
form and character under which it is represented, but that 
he should have observed its more complex and difficult 
configuration at the very period when Mars was so very 
unfavourably situated for observations of this critical 
nature. 

The surface markings of this planet are so numerous 

and varied that they are far from being adequately repre- 
sented on existing charts. In certain regions the disk is 
so variegated as to give a mottled appearance. Dark 
lines, and spots, and bright spaces are so thickly inter- 
spersed, and so difficult to observe with sufficient steadi- 
ness to estimate their positions and forms, that I found 
it impossible to make thoroughly satisfactory drawings. 
An observer has to be content with endeavours to depict 
the more prominent marks only, and even in connection 
with these there is always some element of uncertainty. 
The rotation-period of the planet is, however, so slow, 
the hourly rate being only 14°°6 in comparison with 36°°7 
in the case of Jupiter, that plenty of time is afforded for 
drawing the leading markings before they show a dis- 
placement obvious to the eye. In addition to this a 
drawing of Mars may be made to rest on several succes- 
sive evenings of observation if the observer comes 37°4 
min. later to the telescope on each occasion. In regard 
to Jupiter the difficulty of suitably drawing the details is 
far greater, though they admit of more ready observation. 
The rapid rotation of this planet displaces objects in a 
few minutes, and makes it imperative that the work both 
of observing and charting should be very hastily per- 
formed ; and it is not feasible in this case to basea sketch 
on observations of following nights, because the markings 
are influenced by different velocities, and suffer large 
relative displacements even at short intervals of time. 

During the past few months the north polar cap of 
Mars has been very bright, sometimes offering a startling 
contrast to those regions of the surface more feebly re- 
flective. Some of the other parts were also notably 
brilliant. These luminous regions of Mars require at 
least as much careful investigation as the darker parts, 
for it is probably in connection with them that physical 
changes (if at present operating on the planet’s surface) 
may be definitely observed. In many previous drawings 
and descriptions of Mars sufficient weight has not been 
accorded to these white spots. 

Many of our leading treatises on astronomy attribute a 
dense atmosphere to Mars, but nothing has been observed 
during my recent observations to corroborate this theory. 
It seems to me far more plausible to assume that the at- 
mosphere of this planet is extremely attenuated. The 
chief spots are invariably visible, and the phenomena 
occasionally observed are rather to be imputed to the 
vagaries of our own atmosphere than to that of Mars. 
Jupiter and Saturn are doubtless enveloped in dense 
vapours shrouding their real surfaces from terrestrial 
eyes. Their markings are atmospheric, though in some 
cases very durable, and constantly undergoing changes of 
aspect and displacements of position by longitudinal 
currents. On Mars a totally different nature of things 
prevails. Here the appearances descried are absolute 
surface markings displaying none of the variations which 
are so conspicuously displayed in the markings on Jupiter. 
It is probable that many, if not all, the changes supposed 
to have occurred in the features of Mars are simply at- 
tributable to the constantly varying conditions under 
which the planet has necessarily to be observed. Were 
the circumstances of observation more equable there 
would be much greater unanimity amongst observers of 
this interesting object. It seems to me that the very 
pronounced character of the markings and their great 
permanency are quite opposed to the idea that the planet 
is surrounded by a dense cloud-laden atmosphere. 

W. F. DENNING 

M. CORNU ON THE HYDROGEN FUNCTION 
OF CERTAIN METALS* 

HEN we examine on different photographs those 
groups of lines which reappear periodically with 

a particular regularity, we find that these groups belong 

* Translation from an article in the Journal de Physzque. 
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precisely to the category of those which reverse them- 
selves ; for some are reversed and the others are on the 
point of being so. For the same metals, the reversals are 
more or less complete according to the conditions of the 
experiment, and for different metals according to their 
chemical and physical properties. 

The law of distribution of these groups presents another 
common character relatively to the succession of distances 
and intensities : the lines get nearer together towards the 
more refrangible end, and diminish in intensity. This cha- | 
racter is much the more striking when the number of 
reversed lines is considerable, because the field on 
which they appear is more uniform. It seems that with 
the elevation of temperature the spectrum tends towards 
a limit, that of a continuous brilliant background despoiled 
of all lines except the regular series of the self reversing 
ones. It is to this constitution that I wish to draw the 
attention of observers. 
The number of metallicspectra capable of giving a regular 

Ser ies of spontaneously reversed lines ona contintious back- 
ground is considerable ; but the most beautiful series that 
I have observed were supplied by two metals which one 
could scarcely have anticipated, from a chemical point of 
view, to find side by side ; these are aluminium and thal- 
lium, whose equivalents are at the extremity of the list 
of those of the simple bodies. The diagram gives an 
idea of the distribution of these reversed lines ; one sees 

DESCRIPTION OF 
ultra-violet spectra of 
arc). 
doublet). 

© the white stars 

NATURE 

THE D1 AGRAM. — The graduations define the lines according 
The second represents a double series 

1e scale of the drawing has been chosen in a manner to make G and 6 coincide with the homologous lines of the first series (first line of each 
One could have operated in the same way with the second series (second lines). 
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that they form in each spectrum a series of doublets ful- 
filling the conditions of distance and intensity given 
above. 

I shall not stop to indicate the fruitless trials of numeri- 
cal calculations that I have taken in hand in order to 
represent each of these series by the substitution of the 
series of entire numbers in a simple function ; I may add 
that I had given up these researches until the discovery 
of Dr. Huggins on the spectra of white stars brought back 
my attention to this subject. 

These spectra present, in fact, a common series of dark 
lines, that is to say, reversed, fulfilling precisely the 
conditions of distance and intensity which characterise in 
metallic spectra the spontaneously reversed lines: they 
prolong the series of well-known lines of the spectrum of 
hydrogen, C, F, G, 2. One could then foresee that the 
whole series belonged to them; that is what has since 
been confirmed by Vogel, though this result is still not 
quite certain. The interest of this identification was such 
that I sought to prove it myself, which I could not realise 
till lately. ‘The experiment is not without difficulty ; but 
in taking more minute precautions to get rid of all im- 
purity in the hydrogen, I have seen the impurity lines 
obliterated, and finally I succeeded in obtaining photo- 
graphs showing the series of star-lines in all their purity. 

The spectrum of hydrogen is placed on the first line in 
the above diagram: the comparison has been rendered 

ALUMINIUM 

to their wave-lengths. The first line represents the dark lines of the violet and 
of inverted lines in the ultra-violet spectrum of aluminium (electric 

This mode of representation advantageously replaces the 
numerical tables, showing the verification of the two empiric formulas— 

First series aoe cr ap 
Second series 

which give the length of the wave of each line in function of the wave- 
calculation and the observation is of the order of the experiment: al errors. 
violet spectrum of thallium (electric arc). The scale of the drawing w 
series are :— 

A; = ¢ 

Ne 

easier by the choice of scales showing intuitively the 
identity of the law of distribution of lines in the three 
spectra, 

We might compare in the same way the more complex 
groups, like magnesium, zinc, sodium, &c. ; the only diffi- 
culty is to establish the agreement of the groups ; we do 
this immediately by a quite simple graphic construction. 
We arrive at the following statement, which resumes the 
whole of my researches. In the metallic spectra certain 
series of lines, spontaneously reversed, present sensibly 
the same law of distribution and intensity as that of the 
hydrogen lines. 

It is not necessary to dwell on the importance of this 
relation: it makes evident the existence of a law which 
is general relatively to the emissive powers of incandes- 
cent vapours, and, again, it shows that this law of suc- 
cession of spectral lines, common to so many series, seems 
to be expressed by the help of the same function, which 
one might call the hydrogenic function, which should | 

Ay = 47°30 + 0'43783 
” Az = 47°18 + 0°43678 1 

ster ngth % of the corresponding line of hydrog xen; the difference between the 
The third line represents a double series of inverted lines in the ultra- 

as chosen like the one above ; the empiric formulas which represent these two 

3 

play the principal part in these studies: the result then 
appears to constitute a first step towards the solution of 
the great problems which the spectroscope brings on for 
solution, R. 

VEGETATION OF SOUTH GEORGIA 

Capt. Cook landed on N Tuesday, January 17, 1775, 
this remote island, which is situated about 1000 

miles east of Cape Horn, in about 54° S. Jat. and 37° W. 
long.,and took possession of it in the name of King George 
the Third, after whom he named it. Capt. Cook landed in 
three different places, and the ceremony of adding theisland 
to the British dominions, he informs us, was performed 
under a waving of colours and a discharge of small arms. 
Whether any British subject has ever set foot on it since 
that day I know not; but the description of the island 
by its famous discoverer was not likely to tempt any one 
to go out of his way with that object in view. Although 
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lying only as far south of the equator as York is north of 
it, South Georgia is covered, in the higher parts at least, 
with permanent snows and glaciers, and is altogether of 
a most wild and desolate aspect. Large masses of ice were 
continually breaking off from the perpendicular cliffs and 
falling into the sea with a noise like cannon. “ The inner 
parts of the country,” says Cook, “were not less savage 
and horrible. The wild rocks raised their lofty summits 
till they were lost in the clouds, and the valleys lay 
covered with everlasting snow. Not a tree was to be 
seen, nor a shrub even big enough to make a toothpick. 
The only vegetation we met with was a coarse strong- 
bladed grass growing in tufts, wild burnet, and a plant 
like moss, which sprung from the rocks.” 

Animal life, however, was more abundant. Seals were 
plentiful, and the penguins the largest ever seen by Cook; 
some which were taken on board weighed from twenty- 
nine tothirty-eight pounds. Eight kinds of “oceanic birds” 
are enumerated , and one, a yellow bird, was found to be 
delicious food. All the land birds observed were “a few 
small larks.” From Cook’s narrative it appears that Forster, 
the botanist, was one of the landing party, hence it might 
have been expected that few flowering plants would have 
escaped observation, especially as the visit was made in 
January, the midsummer of the southern hemisphere. 
Forster himself states (“Observations made during a 
Voyage round the World,” p. 16) that South Georgia is 
an isle of about eighty leagues in extent, consisting of 
high hills, none of which were free from snow in the 
middle of January, except a few rocks near the sea. And 
he adds that there was no soil except in a few crevices of 
the rocks. 

No further information respecting this island has 
been published, so far as I am aware, until since the 
return of a recent German Expedition, which made the 
island one of its stations for meteorological and other 
observations. When collecting the materials to illustrate 
the flora of the very much broken coldest southern zone 
of vegetation for the “ Botany of the Chadlenger Expedi- 
tion,’ I had to be content with Cook and Forster’s very 
meagre accounts of South Georgia ; but from the pub- 
lished northern limits of drift ice in different longitudes 
in the southern hemisphere, it was not expected that 
South Georgia possessed much more than the scanty 
flora they attributed to it, though Macquarie Island, in 
the same latitude, and nearly in the longitude of New. 
Zealand, was known to support a comparatively luxuriant 
vegetation. Dreary and barren as it is, however, South 
Georgia is not so bad as it has been painted. The 
officers of the German Expedition spent nearly a year on 
the island, and appear to have explored it thoroughly, 
botanically and otherwise. During this period the atmo- 
spheric pressure was subject to extraordinary fluctuations, 
the extremes exhibiting a difference of 64 millimetres, or 
a fraction over 24 inches, while the range of temperature 
during the same period was only 48°°6 Fahr., or in round 
numbers, from 8° to 57° Fahr.; thus showing the 
freezing-point to be nearly midway in the range. The 
actual mean temperature of the year was 35°06 Fahr. ; of 
June, the coldest month, 25°°6 Fahr.; and of February, 
the warmest month, 41°°6 Fahr. 

With regard to the flowering plants collected in the 
island by Dr. Will, one of the officers of the Expedition, 
we are indebted to Dr. Engler for an enumeration of them 
in his Fahrbiicher, vol. vii. p. 281. They are thirteen in 
number, and their general distribution is so extremely 
interesting that I may be pardoned for giving it in 
detail :— 

(1) Ranunculus biternatus, Sm. (Ranunculacez).— 
Fuegia, Falklands, Tristan d’Acunha (?) Marion, and 
Kerguelen Islands. 

(2) Colobanthus subulatus, @Urville (Caryophyllacez). 
—Fuegia, Campbell’s Island, New Zealand, and Alps of 
Victoria, Australia. 

(3) Colobanthus crassifolius, V Urville (Caryophyllacez), 
—Fuegia and Falklands. 

(4) Montia fontana, L. (Portulacez).—Fuegia, Marion, 
Kerguelen, Campbell’s [sland, and widely diffused. 

(5) Acena adscendens, Vahl. (Rosacez). — Fuegia, 
Marion, Crozets, Kerguelen, Macquarie Islands, and New 
Zealand. 

(6) Acena levigata, Ait. (Rosacez).—Fuegia. 
(7) Callitriche verna, L. var. (Halorageze).—Fuegia, 

Marion, Kerguelen, Heard Islands, New Zealand, and 
widely diffused. 

(8) Funcus nove-zealandi@, Hook. f. (Juncacez).—New 
Zealand. 

(9) Rostkovia magellanica, Hook. f. (Juncacez).— 
Andes, Fuegia, Falklands, and Campbell’s Islands. 

(10) Azra antarctica, Hook. f. (Graminez).—Fuegia, 
Falklands, South Shetlands, and Kerguelen Island. 

(11) Phleum alpinum, L. (Graminez).—Magellan’s 
Straits, and widely dispersed in the cold regions of the 
northern hemisphere. 

(12) Festuca erecta, D’Urville (Graminez).—Fuegia, 
Falklands, and Kerguelen. 

(13) Poa flabellata, Hook. f., syn. Dactylis cespitosa, 
Forst. (Graminez),—Fuegia and Falklands. 

From the collector’s remarks, appended by Engler to 
each species, it appears that some of the foregoing plants 
flourish luxuriantly in South Georgia, especially the 
species of Acena (the burnet of Cook’s narrative), and 
Aira antarctica and Poa flabellata. The Ranunculus 
was abundant by the side of a stream and elsewhere, 
and Colobanthus subulatus (doubtless the moss-like plant 
mentioned by Cook) formed large tufts on the south side 
of the hills. Nine out of the thirteen plants in South 
Georgia are also found in the eastern part of this 
southernmost zone of vegetation from Kerguelen to New 
Zealand, taking these islands together. One, fwscus 
nove-zealandi@, had not previously been found in what 
may be termed the American part of the zone; but, as 
Prof. Buchanan, to whom Dr. Engler submitted the 
South Georgian specimens, remarks, this is so nearly 
allied to the South American Funcus stipulatus that it 
may be cited as another instance of representative and 
closely-allied species in the American and Australian 
regions. 

Thus are we gradually obtaining a knowledge of the 
vegetation of the detached fragments of the Antarctic 
flora; yet several islands are still quite unknown bota- 
nically or only very imperfectly. Concerning Diego 
Alvarez, or Gough Island, situated about 4° south of the 
Tristan d’Acunha group, we know nothing except that 
the vegetation is said to be similar to that of Tristan 
d’Acunha, and to include Phylica nitida, the only arbor 
eous member of the latter flora. Then there is a group of 
islands, including Lindsay, Bouvet, and Thomson, in 
about the same latitude as South Georgia, but 35° east- 
ward, of which nothing is known botanically. 

W. BOTTING HEMSLEY 

NOTES 

Tue Visitation of Greenwich Observatory takes place on 

Saturday next. 

THE Ladies’ Soirée at the Royal Society takes place on the 

evening of Wednesday, the 9th inst. 

_ THE honour of C.M.G. has been conferred on Mr. Charles 

Meldrum, Director of the Royal Alfred Observatory, Mauritius. 

Tue explosion of the 43-ton gun has led to the appointment 

of a Committee of Inquiry, in which the name of Mr. Anderson 
is conspicuous by its absence, although surely no greater authority 

on the points at issue exists. A year ago, in his important lectures 
at the Society of Arts, he drew attention to the want of relation 

between the sections and pressures, and predicted disasters. 
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Sir BERNHARD SAMUELSON, M.P., and Mr. Philip Magnus, 
of the City Guilds of London Institute, have been appointed by 
the Education Department English representatives at the Inter- 

national Congress on Technical Education, to be held at Bor- 

deaux in September next. 

Pror. FLowenr, the Director of the Natural History Depart- 

ment of the British Museum, has allowed the zoologi- 

cal collections made by Brigade-Surgeon J. E. T. Aitchison, 

C.LE., the naturalist lately attached to the Afghan Delimitation 
Commission, to be placed on view temporarily at the South 

Kensington Department. To those interested in the zoology of 
those regions and in the geographical range of species, a view 

of these collections in their entirety will be found most interest- 

ing. We believe that at an early date this collection will be 
broken up to be sent to India, and distributed to various 
museums and countries, and that it is only localised here until 

such time as a report on its details is furnished to the Goyern- 

ment of India. 

Mr. NICHOLSON has been appointed Curator of Kew 

Gardens, in the room of Mr. Smith, resigned. Mr. Nicholson 

has been one of the chief assistants at the Gardens for some 

years. 

A SERIES of Conferences on the ‘‘ Mineral Resources of the 
Colonies and India” will be held by the Geologists’ Association 

in the Colonial and Indian Exhibition on Saturday afternoons, 
commencing at 3 p.m. After the reading of the paper there 
will be a discussion, terminating at 4.30. The Conference will 

then adjourn to the Courts, where further explanations of the 

exhibits will be given. The first meeting will be on Saturday 
next, when an address will be given on the Mineral Resources 

of India and Burmah, by Prof. V. Ball, F.R.S. ; Sir Richard 

Temple will preside. The arrangements for succeeding Satur- 
days are as follow:—June 19, South Africa, by Prof. T. R. 

Jones, F.R.S.; Sir Ch. Mills in the chair. July 3, Canada, 

by Dr. A. R. Selwyn; the Marquis of Lorne in the chair. 

July 17, New Zealand, by Dr. J. Von Haast. July 24, 

Australia, by Mr. F. W. Rudler. There will probably also be 

a lecture by the President of the Geologists’ Association (Mr. 

W. Topley), on the Coaling Stations in Relation to the Fuel 

Deposits of the Empire ; but the date of this is not yet fixed. 

Conferences of the Anthropological Institute on the Races of 

the British Empire will also be held in the Conference Hall of 
the Colonial and Indian Exhibition. The first was on Tuesday 
on the Races of Africa. The others are :—Monday, June 7 : 

Races of America (West Indies). Tuesday, June 22: Races of 

Australia. Tuesday, June 29: Races of New Zealand, Fiji. 
Tuesday, July 6: Races (Aboriginal) of India. Tuesday, 

July 13: Races of Ceylon, Straits Settlements, Borneo. The 
chair will be taken at 4 p.m. The memoirs read and discussed 

in the Conference Hall will be illustrated by selections from the 

exhibits. Afterwards, but not later than 5 o’clock, the Confer- 

ence will adjourn to the Courts, and there inspect and hear 

explanations of the remaining exhibits connected with the 

subject of the day. 

THE Lick Trustees have decided to purchase from Messrs. 
Feil and Mantois a 36-inch crown disk, which was made by 

them at the same time with the crown disk of the objective now 

in the hands of the Clarks. The Clarks ‘‘have received the 

order to figure this disk as a third (photographic) lens for the 
large objective.” 

A curious phenomenon, the Sco/sman reports, was witnessed 
at Stonehaven on Sunday afternoon, May 23. At intervals, just 
before and after high tide, without any apparent cause, the water 

subsidence leaving as much as 15 to 18 feet of the beach dry. 
The disturbance continued for three hours, commencing at about 
half-past 4 o’clock. There was no wind, and the sea was quite 

smooth, but the water advanced and retired with a speed equal 

to the run of a large river during a spate, and caused so much 
commotion in the harbour that the fishermen had to secure their 
boats with extra moorings to prevent damage being done. In- 

deed, it is seldom that there is so much commotion in the har- 
bour, even during stormy weather. It is surmised that the 
phenomenon was due to some eruption or subsidence in the sea 
bottom, 

THE Executive Committee of Aberdare Hall, Cardiff, has 

issued a most satisfactory report of the progress of Aberdare 
Hall during its first term. Seven students were entered when 
this Hall for lady students was opened in October 1885. Two 

of these are studying for the Intermediate Science Examination 
(London University), one for the Intermediate in Arts, and four 

for the Matriculation Examination. Two scholarships tenable 

at Aberdare Hall were awarded. At the beginning of the next 

session several large scholarships and many exhibitions will be 

offered for competition at University College, Cardiff, and three 
exhibitions tenable at Aberdare Hall. The institution deserves 
every encouragement. 

THE New York Assembly has passed the Bill providing for 
the appropriation of 20,000 dollars annually to the Metropolitan 

Museum of Art and the American Museum of Natural History, 

in order that they may be kept open to the public, free of 

charge, on Sundays. It is expected that it will soon be 

favourably reported by the Senate Committee, and become 
law. 

Up to Saturday morning the accounts from Catania were re- 
assuring ; the flow of lava was much slower and was rapidly 
cooling, and Nicolosi was considered almost safe. But at 4 p.m. 
a fresh outpour of lava manifested itself, and flowing over the 
earlier stream which had ‘partially hardened, it again menaces 

Nicolosi and Belpasso. At 9.15 p.m., the lava stream which 
threatens Nicolosi showed a front 180 metres wide, from 6 to 

10 metres high, and was moving at the rate of Io metres per 
hour. According to latest reports the eruption is as active as 

ever. 

On April 28 a lovely mirage was seen at about noon at Oster- 

sund, in Northern Sweden. In the south-west, above the Storsj6, 

a great lake, the lofty Oviks Mountains, covered with snow, 

were seen reflected on the sunlit clouds. Below them was a 

dark broad belt of forest sloping down to an ice-covered lake, in 
which some woody islands could be seen. At the beginning the 

western sky was clear, but gradually a dark bank of clouds 
rolled up, at last obscuring the mirage, but it reappeared several 
times when the sun broke through. 

Mr. PENHALLOW, who has resided for some years in the 

service of the Japanese Government in Yezo, contributes to the 
last number of the Canadian Record of Science an article on the 
physical characteristics of the Ainos. Referring to the many 

contradictory reports as to the great hairiness of the Yezoines, 

his conclusion is that, although there are many exceptions, they 
generally possess a more than ordinarily hairy body, enough so 
at least to make them deserve the epithet of ‘‘ hairy Kuriles.” 
The bushy appearance of the hair and beard is doubtless due as 
much to the fact that the men never shave and seem rarely even 

to clip their beards, as to any natural excess of growth. The 
Aino of Saghalien offers a striking departure from the rule of 
hairiness which essentially characterises the Yezoine ; and this 

would appear therefore not to be a race characteristic, but to be 
due to the peculiar and widely different conditions of life, dress, 

along the coast rose and fell from 10 to 18 inches at a time, the | and exposure to which these people have been subjected. From 

a 
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a considerable number of measurements, Mr. Penhallow swn- 

matises the physical characteristics of the Ainos as follows :— 
The forehead is usually high, though narrow ; eyebrows heavy 

and overhanging ; nose somewhat inclined to flatness, though 

but little more so than in Europeans ; mouth wide, but well 

formed ; chin well formed and medium size; eyes straight, 
brown, and dull ; cheek-bones inclined to be prominent ; facial 

angle high, the mean of the measurements giving an angle of 

72°; the body is compact, well built, and muscular ; much more 
than ordinarily hairy, skin of light colour, comparable to that of 
Europeans, and the average height is about 5 feet 2 inches. 

TuAr frogs have a formidable enemy in the common mouse 
is evidenced by the following incident. A correspondent, Mr. 
W. August Carter, of South Norwood, states that he observed, 

a short time since, several mice pursuing some frogs in a shed 

which was overrun with these reptiles. The alacrity of the 
latter, however, rendered the attacks of the mice futile for a 

considerable period. Again and again the frogs escaped from 

the clutches of their foes, but only to be recaptured, severely 

shaken, and bitten. The energy put forth by these reptiles was 

so great that they actually swayed their captors to and fro in 
their efforts to wrest themselves from their grasp. At length 
the wounds inflicted upon them rendered the frogs incapable of 

further resistance, and they were easily overpowered by the 

mice, which devoured a certain part of them. 

In a lecture recently delivered before the Scientific Society of 
Bamberg, Dr. Hartwig, the Director of the new Astronomical 
Observatory there sketched out the future work of that insti- 

tution. It was well, he said, that an observatory should 

devote itself to some specialty, with which its name would be 
associated, as that of Paris was with the determination and 

mapping of the fixed stars, Greenwich with the movements of 
the moon, Vienna with comets, and so on. In a similar way 

Bamberg would occupy a certain limited field, and labour there- 

in. In the first place it would undertake the systematic investi- 
gation of the parallaxes of the fixed stars, a work which had 
already been partially performed at the Cape Observatory for the 
southern, and at Newhaven in the United States for the northern 

hemisphere. Bamberg will be provided with a new 7-inch 
heliometcr, the largest of its kind at present in the world, 
although the Cape Observatory will shortly be provided with one 
of the same size. The present Cape heliometer is a 4-inch, and 

that at Newhaven a 6-inch one. Dr. Hartwig said that this 
7-inch heliometer is at present the finest instrament known to 
astronomy. He pointed out that at present the parallaxes 

of only eight or ten fixed stars were calculated, while about 

three thousand remain to be done, and this, he said, would take 
a single qualified observer more than thirty years to accomplish. 
He hoped that as Leipzig and Gottingen were about to be pro- 

vided with heliometers, they would participate in the work, so 

that in a comparatively short time we may obtain a more 
accurate notion of the distance of many fixed stars and of their 
grouping in space. Another work which Bamberg would under- 
take is the investigation of the physical libration of the moon— 

a problem that has been studied at Konigsberg since 1845, and 
in Strasburg since 1870. After describing at some length the 

instruments with which the new Observatory is provided, Dr. 

Hartwig concluded by assuring his hearers that with these an 

observatory would be established which would take a high place 
amongst existing astronomical institutions, and which would be 

excelled in Germany by the Observatories of Strasburg and 

Potsdam alone. The Bamberg Observatory, it should be stated, 
owes its existence to the munificence of a private individual, the 

late Dr. Remeis, a member of the Scientific Society of 

_ Bamberg. 

THE Darling Downs Gazette of March 20 describes some 

recently discovered caves fifteen miles from Rockhampton, 
Queensland, A party, headed by Mr. W. M‘Ilwraith, of the 
Rockhampton Natural History Society, recently visited the 

caves. From some wells on the route they saw the peaks of an 

uncommon range of hills. ‘‘ They stand up in a fine sharp profile 
like the pinnacles and turrets of a stately Gothic pile. The 

vestibule of the wonderful structure is formed by an immense 

chasm in the rocks. Two walls of limestone or marble rock set 
in an acute angle rise on either side to a height of about 60 feet, 

and converge in front at a higher elevation. At 9 o'clock at night 

the party began exploring, and after clambering over a mass of 

detached, sharp-edged, pock-pitted rocks, got into a rocky 
chamber. Its walls were beautifully white in parts, and show 
the rock to be of limestone formation. They visited im succes- 

sion caves of different dimensions, and named one the ‘ Chinese 

Joss-house.’ It is a little recess off the passage ; the walls are 
beautifully white, and stalactites and stalagmites unite to form 

beautiful pillars, the whole being wonderfully beautiful, remind- 

ing the visitors of Chinese ivory caryed work. In the morning 

they continued their exploration, wandering through numerous 

passages, and crawling and slipping till they came to a large 

cavern. In one of the passages the bats extinguished their 
candles, and they returned to the upper regions. They then 

saw daylight streaming from the opposite side of the mountain, 
and estimated the distance from light to light at five chains or 

more. ‘They returned to the starting-point, climbed a ladder, 

and traversed other passages, and crossed a gulf on a bridge 

formed of saplings. Eventually they reached a wide opening, 

and the light poured in from an opening in the caves. This 

latter is a large chamber, and in it are the roots of a tree, which 
have taken hold in the bottom of the cave, and hang like ropes. 

The most striking stalagmites in it resemble the head of an 

elephant and the bust of a man. Various caves were discovered, 

and also openings leading from one main suite of caves to 

another one. The cave particularly alluded to is called ‘The 

Cathedral.’ It is 50 feet long from the porch to the pulpit 
stairs, 30 feet across, and the ceiling is so lofty that the gleams 
of the candle did not reach it. There are stalactitic formations 
on the ceilings and floor, but the walls are plain, and haye 

niches in some parts. Some of the party descended 60 feet 
here, and in another Jailed to reach the opening. The writer 
says, ‘ Wherever we went almost underground our footsteps had 

a hollow sound, and the conclusion we come to at present is 

that the region has been a hot-spring area, and the cayes were 

formed by the action of hot water.’ ” 

THE various species of Salmonidze hatched out and reared by 

the Buckland Museum authorities have been turned into the 
Thames at Penton Hook, with a view of replenishing the stock of 

fish in that river. The Thames Angling Preservation Society are 
making arrangements to receive a consignment of land-locked 

salmon fry at their nursery again this year, in order to rear them 
for the Thames. The exertions now being made to re-stock the 
unpolluted portions of this river are sure to terminate in good 

results, indeed many of the trout taken lately are said to be the 
result of previous efforts made by pisciculturists in this direc- 

tion. 

ORNITHOLOGISTS, antiquarians, and librarians will in a few 

days have the opportunity of possessing a book which is said to 

be the only work published on the subject of duck decoys. It 

will be in quarto, with many illustrations, coloured and woodcut. 

Its author, Sir Ralph Payne-Gallwey, is already known to 
naturalists by his book on wild-fowl, issued some few years since 
by the publisher of the present volume, Mr. Van Voorst. 

Dr. Von Haast writes that the large geological relief model 

of New Zealand, referred to in our recent article on the Colonial 
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and Indian Exhibition, has been prepared by Dr. James Hector, 

the Director of the Geological Survey of New Zealand, and 

forms part of the large exhibit of that gentleman. There are 

several large labels inside the glass case, in which the necessary 

explanations are given. 

THE additions to the Zoological Society’s Gardens during the 

past week include a Ring-tailed Lemur (Lemur catta) from 

Madagascar, presented by Mr. Angus Ogilvy ; two Black-tailed 
Parrakeets (Polytelis melanura) from South Australia, presented 

by Mr. James Thomson ; an Indian Cobra (Waia tripudians) 

from India, presented by Messrs. H. Thwaites and V. A. Julius ; 

a Common Viper (Vigera derus), British, presented by Mr. W. 

H. B. Pain; a Loggerhead Turtle (7ha/assochelys caouana) from 

the Atlantic Ocean, presented by Mr. R. G. Fraser, R.N.; a 

Rook (Corvus frugilegus), British, presented by Mr. H. J. 

Peckover ; a Black-faced Spider Monkey (A¢eles ater) from 

Eastern Peru, a Crab-eating Raccoon (Procyon cancrivorus) 

from West Indies; an Indian Cobra (Waia tripudians) from 
India, deposited ; two Spotted Hyznas (Hyena crocuta) from 
South Africa, two Side-striped Jackals (Camis Jateralis) from 

West Africa, a Griffon Vulture (Gyfs fulzas), a Smooth Snake 

(Coronella levis), a Viperine Snake (T7ropidonotus viperinus), 

European, purchased ; two Triangular Spotted Pigeons (Columba 
guinea), bred in the Gardens. 

OUR ASTRONOMICAL COLUMN 

A CATALOGUE OF ‘‘ COMPARISON ” STARs.—Dr. N. M. Kam 
of Schiedam has published in Verhandelingen der Koninklijke 
Akademie van Wetenschappen, Deel. xxiv. (Amsterdam), a star 
catalogue compiled from the places of stars determined by 
meridian observations, which have been extracted from vols. 
i. to Ixvi. of the Astronomische Nachrichten, and reduced to the 
epoch 1855°0. The positions of the stars contained in this 
catalogue were determined in connection with observations of 
planets and comets, and it was in compliance with Argelander’s 
express desire that the work of collecting them and reducing 
the positions to a common epoch was commenced by Hoek, 
then Director of the Utrecht Observatory. Dr. Kam, who was 
Hoek’s assistant, continued the work after the death of the 
latter, and has at length been able to publish his results. The 
principal catalogue contains the completely determined places of 
4350 stars, and is followed by two subsidiary catalogues, the 
first giving the places of 236 stars, and the second those of 335 
stars ; all of the latter, however, are incomplete, #.e. the place is 
given in one element only. ‘he catalogues are followed by a 
comparison of the places of the stars contained in them with 
their places as given in the Bonn Durchmusterung, or, for stars 
south of - 2° Decl., with other authorities. Notes on proper 
motions, corrigenda, &c., are appended, which are of consider- 
able interest and yalue. We hope that the work of collecting 
and cataloguing the class of stars here dealt with will be con- 
tinued either by Dr. Kam or by some other astronomer as well 
‘fitted for the task as he has proved himself to be. 

THE Paris OBSERVATORY.—Admiral Mouchez, Director of 
the Paris Observatory, has recently published his annual report 
to the Council of the Observatory. It is a very instructive and 
interesting document, and affords gratifying evidence of the 
enterprise and energy with which the work of this great institu- 
tion is carried on, 

The most striking portion of the report is that which deals 
with the work of the Bros. Henry in astronomical photography, 
but as this, as well as M. Lcewy’s ingenious device for deter- 
mining the amount of astronomical refraction, have already been 
noticed in Narurg, it will not be necessary to again refer to 
them. Leaving these two great undertakings therefore on one 
side, the rest of the report exhibits a large amount of solid work. 
The meridian service has comprised 16,173 observations, 795 of 
thegsun and planets. The instruments of the Salle Méridienne 
have been devoted to the observation of Lalande’s stars. 
As the great Catalogue approaches completion, the stars still to 
be observed become more widely scattered, and fewer observa- 
tions are necessarily secured, The division-errors of the Gambey 
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circle are being carefully investigated by M. Périgaud, and the 
Garden circle has been used for the determination of the abso- + 
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lute positions of a number of circumpolar stars. A new flexure 
apparatus has been constructed by M. Gautier, and 603 stars 
have been already observed with it. The same ingenious artist 
has also devised a new mode of supporting a mercury trough, for 
freeing it from the effect of tremors, which has been found to 
work very satisfactorily. The equatorials have been employed 
as usual in observations of comets, minor planets, and nebulez ; 
the equatorial of the east tower having been employed by MM. — 
Henry in the revision of some of their photographic charts con- 
taining very faint stars, especially the Pleiades and the regions 
round Vega and e Lyre. In the department of thecalculations, 
the calculations for the great Catalogue had been .completed as 
far as 8h. of R.A., and were being carried on from 8h. to 12h. 
The Catalogue itself was printed up to No. 3800, and the manu- 
script prepared up to No. 4,700. Of the volume of observations 
for 1882, seventy-three sheets had been printed, and the rest 
was in the printer’s hands. The volume for 1883 had been 
commenced, and of the Afémoires, tome xvili., had been dis- 
tributed, and tome xix. was in course of publication. 

Several important investigations have also been carried on by 
individual members of the staff. M. Loewy has devised a new 
method for determining the absolute co-ordinates of circumpolar 
stars, and M. Renan has published two notes on his experiments 
in application of these methods. M. Callandreau has published 
several notes on the theory of the figure of the planets and of 
the earth, and numerical tables for assisting in the calculation 
of ephemerides for minor planets ; whilst M. Prosper Henry has 
been engaged in devising suitable methods for the measurement 
and reduction of the photographic star-charts, which differ so 
widely from ordinary astronomical observations, A new deter- 
mination of the length of the seconds pendulum has also been 
made by Capt. Defforges, of the Geographical Service, the 
length corrected to sea-level being found to be 0°9939..m. 
Amongst the works to be carried out in the present year is the 
study of the movements of the soil by the aid of a multiplying 
seismograph devised by M. Bouquet de la Grye. ‘The report 
concludes with a reproduction of a photograph of the Pleiades 
and a comparison of the results thus obtained by photography 
in a single hour with those obtained by M. Wolf in his study 
of the same group through the toil of years. 

Nores ON VARIABLE STARS.—Mr. Espm, the special ob- 
server to the Liverpool Astronomical Society, has recently com- 
menced the issue of circulars calling attention to various variable 
stars or stars suspected of variation. Circular No. I gives an 
ephemeris for ro Sagittae, the next maximum, mag. 5°6, falling due 
June 5°4d., and the next minimum, mag. 6°4, June II‘, period 
8°317d. Circular No. 2 calls attention to the star D.M. + 8°, 
No. 3780, R.A. (18850) 28h. 32m. 54s., Decl. 8° 43'°5 N., as 
a probable variable. Circular No. 3 gives new elements for U 
Hydre, R.A. toh. 31°9m., Decl. 12° 40:7 S., from whence 
it would appear that the next maximum is due 1886 June 25'5d. 
Circular No. 4 gives provisional elements for W. Cygni, R.A. 
(1886°0) 2th. 31m. 44s., Decl. 44° 510 N., as follows :— 
P = 120 to 130days, V = 5:8 +to.7°5 +, M = 1886 May 19 +, 
m = 1886 Feb. 14 +. ; 

THE ‘‘CANALS” OF Mars.—M. Terby, in a note presented 
some little time ago to the Royal Academy of Belgium, drew 
attention to the occurrence in the drawings of Mars made by 
Herschel and Schreeter of several markings resembling the well- 
known Kaiser Sea in size and distinctness, and pointed out that 
M. Schiaparelli, in his observations of 1881-82, represented the 
“*canal” Indus as developed to dimensions almost as great as 
those of the Kaiser Sea, and tbat this development coincided 
with the ‘‘gemination” or doubling of almost all the other 
canals. M. Faye now announces at the last meeting of the 
Académie des Sciences that M. Perrotin and the other observers 
at the Nice Observatory have recently been able to re-detect M. 
Schiaparelli’s canals. The reality of the existence of the deli- 
cate markings discovered by the keen-sighted astronomer of 
Brera seems thus fully demonstrated, and it appears highly pro- 
bable that they vary in shepe and distinctness with the changes 
of the Martial seasons. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 UNE 6-12 

(Ok the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 
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At Greenwich on Fune 6 
Sun rises, 3h. 47m. ; souths, rth. 58m. 23°3s.; sets, 20h. 9m. ; 

decl. on meridian, 22° 41’ N.: Sidereal Time at Sunset, 
13h. rom. 

Moon (at First Quarter on June 9) rises, 8h. 10m. ; souths, 
15h. 49m. ; sets, 23h. 17m. ; decl. on meridian, 15° 7’ N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h, m. canoes 

Mercury <.. 325 ... rr 29 19 33 21 45 N. 
Wenuss.. <. 2) HO! s.. "ON 7 TOME4@ ..0) LO" ZOE 
Mars meen Tr Te Aye een TGrse cy O40! 22. 5h SUN 
upiters=, s.. 82-30 -.. “1S: 48)... } 1’) 5* 2 43N. 
Saturn... 5 26 13 37 21 48 22 43 N 

* Indicates that the setting is that of the following morning. 

Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 
angles from ver- 

June Star Mag. Disap. Reap: Hesito right for 

inverted image 
h. m. h. m. Cc a 

TOMO eA. 4O4'3\ A. Ob}... Ob Si... O50 74 325 
It... 38 Virginis ...6 ... I © near approach 200 — 

June h. 
0) re) Mars in conjunction with and o° 6’ north 

of the Moon. 
@) gio Jupiter in conjunction with and o° 1’ north 

of the Moon. 
mie: Ss Mercury at least distance from the Sun. 
EQWees <2 Mercury in superior conjunction with the 

Sun. 

Variable Staxs 
Star R.A. Decl. 

My feet, oo h. m. 
WaGephet <0). 0) 52°52... 81 16 N. ... June; 9) 2) 1697 
SaCanisMinons).... 7 2675... S$ 34.N.... 5, 1% m 
WaWarcinisi..) =. 83 20:2... 2747'S -.. 5, 820,40 2% 
8 Libree ato WE Ly Reyes te 2S co pp | Op @ Lol 772 
WiCorone!...) 2... 15 1376... 32) 4N... 33» eeaeLowere 
WOphiuchi-=. “:... 17 10:8)... 1 20,N. ; yo: ll, © 42 m 
X Sagittarii... ... 17 404... 27 47S. » 914 220M 
W Sagittarii a5 877 Busine OS) So coo pp eNO Ar 
Sberlercolish ss... IS 4c... 20 ON. ... 45 IT; mt 
7 Aguile Sos LO) LUOY/ cos TO ZIGINIs Goa HH MING sowie 
R Sagittee 2OF S:Oleres Lona EN 59. dt}, m 
6 Cephei 22124: Opes 517) SOUN) 6 bh © Ov 

Pye a Bt) 21h 
M signifies maximum ; 7 minimum. 

Meteor Showers 

Radiants near B Ophiuchi, R.A. 261°, Decl. 5° N., from 
Sagitta, R.A. 292°, Decl. 55° N., and frony Vulpecula, R.A. 
312°, Decl. 24° N., are represented at this time of the year, 
as well as the Cygnids I/., R.A. 319°, Decl. 32° N. 

GEOGRAPHICAL NOTES 

Tue French forces in Tonquin having now succeeded in oc- 
cupying Lao-Kai, near the Chinese frontier, the capital of the 
Black Flag State, the whole course of the Red River in Tonquin 
is for the first time open to exploration. Accordingly two flat- 
bottomed gunboats with an exceedingly small draught have 
been built and equipped and left Hani on A\pril’ 3 to ascend 
the river, having on board officers whose duty it is to survey the 
river and the adjacent country, to fix the positions of the most 
important points, and to produce a map of the whole. 

AT the meeting of the Geographical Society of Paris on the 
21st ult., M. de Lesseps referred to the works on the Panama 
Canal, and argued that locks or dams were unnecessary. M. 
Aubry gave a summary of a journey which he made in 1883 and 
1884 to Choa and the Gallas countny in pursuit of a mission with» 
which he was charged by the Minister of Public Instruction. 
He collected a large number of mineralogical specimens, and 
studied the region fromia geological and paleontological point 
of view. He also surveyed’ the courses. of two rivers. 

THE Government of British North Borneo has secured’ the 
services of Capt. Beeston for the purpose of making a minera- 
logical and geographical survey of the country. He has started 
for the Segama River,. which has alreadty been visited! by Franlk 

Hatton, to investigate the localities in which gold is said to have 
been found. 

AT the instance of the Société de Géographie Commerciale 
of Nantes, a Commercial-Geographic Exhibition will be held in 
that city between June 15 and August 15 next. According to 
the programme the Exhibition will be divided into five classes : 
(1) scientific geography ; (2) ethnography ; (3) travelling and 
means of communication; (4) French and French-Colonial 
produce ; (5) educational material. 

ON RECENT PROGRESS IN THE COAL-TAR 
INDUSTRY? 

HOSE who have read Goethe’s episodes from his life, known 
as ‘Wahrheit und Dichtung,” will remember his descriptiom 

of his visit in 1741 to the burning hill near Dutweiler, a village 
in the Palatinate. Here he met old Stauf, a coal philosopher, 
philosophus per ignem, whose peculiar appearance and more 
peculiar mode of life, Goethe remarks upon. He was engaged 
in an unsavoury process of collecting the oils, resin, and tar 
obtained in the destructive distillation of coal carried on ina rude 
form of coke oven. Nor were his labours crowned with pecu- 
niary success, for he complained that he wished to turn the oil 
and resin to account, and save the soot, on which Goethe adds 
that, in attempting to do too much, the enterprise altogether 
failed. We can scarcely imagine, however, what Goethe’s feel- 
ings would have been could he have foreseen the beautiful and 
useful products which the development of the science of a century 
and a half has been able to extract from Stauf’s evil-smelling 
oils. With what wonder would he have regarded the synthetic 
power of modern chemistry, if he could have Jearnt that not 
only the brightest, the most varied colours of every tone and 
shade can be obtained from this coal-tar, but that some of the 
finest perfumes can, by the skill of the chemist, be extracted from 
it. Nay, that from these apparently useless oils, medicines which 
vie in potency with the rare vegeto-alkaloids can be obtained, and 
lastly, perhaps most remarkable of all, that the same raw mate- 
rial may be made to yield an innocuous principle, termed saccha- 
vine, possessed of far greater sweetness than sugar itself. The 
attainment of such results might well be regarded as savouring 
of the chimerical dreams of the alchemist, rather than expres- 
sions of sober truth, and the modern chemist may ask a riddle 
more paradoxical than that of Samson, ‘* Out of the burning 
came forth coolness, and out of the strong came forth sweetness” ; 
and by no one could the answer be given who had not ploughed 
with the heifer of science, ‘‘ What smells stronger than tar, and 
what tastes sweeter than saccharine?” That these are matters 
of fact we may assure ourselves by the most convincing of all! 
proofs—their money value, and we learn that the annual value 
of the products now extracted from an unsightly and apparently 
worthless material amounts to several millions sterling, whilst the 
industries based upon these results give employment to thousands 
of men. 

Sources of the Coa!-tar Products.—In order to obtain these 
products, whether colours, perfumes, antipyretic medicines, or 
sweet principle, a certain class of raw material is needed, for it is 
as impossible to get nutriment from a stone as to procure these 
products from wrong sources. All organic compounds can be 
traced back to certain hydrocarbons, which may be said to form 
the skeletons of the compounds, and these hydrocarbons are 
divisible into two great classes : (1) the paraffinoid, and (2) the 
benzenoid hydrocarbons. The chemical differences both in pro- 
perties amd constitution between these two series are well marked. 
One is the foundation of the fats, whilst the other class gives rise 
to the essences or aromatic bodies. Now all the colours, finer 
perfumes, and antipyretic medicines referred to, are members of 
the latter of these two classes. Hence if we wish to construct 
these complicated structures, we must employ building materials 
which are capable of being cemented into a coherent edifice, and 
therefore we must start with hydrocarbons belonging to the ben- 
zenoid series, as any attempt to build up the colours directly 
from paraffin compounds would prove impracticable. Of all the 
sources of hydrocarbons, by far the largest is the natural petroleum 
oils. But these consist almost entirely of paraffins, and hence 
this source is commercially inapplicable for the production of 
colours. We have, however, in coal itself, a raw material which 

1 A Discourse by Prof. Sir Henry E. Roscoe, M P., LL.D, F.R.S. 
deliverediat the Royal Institution, Friday, April 16, 1886. 
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by suitable treatment may be made to yield oils of a yaluable 
character. Of these treatments, that followed out in the process of 
gas-making is the most important, for in addition to illuminating 
gas in abundant supply, tar is produced which contains princi- 
pally that benzenoid class of substances already referred to, and 
which, to use the words of Hofmann, ‘‘ is one of the most won- 
derful productions in the whole range of chemistry.” The produc- 
tion of these latter as distinguished from the paraffinoid group 
appears to depend upon a high temperature being employed to 
effect the necessary decomposition. 

The quantity of coal made into coke for use in the blast fur- 
nace is larger than that distilled for gas-making, no less than 
between eleven and twelve million tons of coal being annually 
consumed in the blast furnaces of this country in the form of 
coke, and capable of yielding two million tons of volatile pro- 

TABLE I.—One Ton of Lancashire Coal yields 

ducts. Up to recent times, however, the whole of these volatile 
products has been burnt and lost in the coke ovens. But lately, 
various processes have been devised for preventing this loss, and 
for obtaining the oils, which might be made available as colour- 
producing materials. It is, moreover, a somewhat remarkable 
fact that only in one or two cases have the conditions been com- 
plied with which render it possible to obtain the necessary ben- 
zenoid substances. In the ordinary coking ovens, as well as in 
the blast furnaces, although the temperature ultimately reached 
is far in excess of that needed to form the colour-giving hydro- 
carbons, yet the heating process is carried on so gradually that 
the volatile products from the coal are obtained in the form of 
paraffinoid bodies mainly, and hence are useless for colour-making 
purposes. Amongst the few coking processes in which the heat 
is suddenly applied, and consequently a yield of colour-giving 

when distilled in Gas Retorts on an Average 

Ammoniacal Liquor, Gas (cubie feet). as (cub et) 5° Tw. 

10,000 | 20 to 25 gallons. 

Equal to 
Ammonium Sulphate. 

30 Ibs. 

Coal (Gas) Tar, 
sp. gr. 1°16. 

Coke. 

12 gallons=139°2 lbs. 13 hundredweights. 

Tzselve Gallons of Gas-Tar yield (Average of Manchester and Salford Tar) 

Solvent Naphtha | 

Benzene Coluene. Phenol for India-rubber, | Heavy Naphthalene. Creosote., Heavy | Anthracene. | Pitch. 
proper. containing the /Naphtha Oil. 

three Xylenes. | 

Ib. Ib. Ib. Ib. Ib. Ib Ib. Ib. Ib. 7} ate 
1710 0°90 I'5 2°44 2°40 | 6°30 17'0 14 0.46 | 69.6 

= Aniline Yoluidine yielding = a Naphthylamine 
110 o'77 o0'12 Xylene= | | 12 

Fey 0°07 Xylidine | = a or B Naphthol 
= Magenta 0°623 Aurin 4°75 { Alizarin 

I°2 = Vermilline Scarlet, RRR 20 %. 
or 1°10 Ib. Aniline 711 or 2°25. 

yields 1°23 Ib. = Naphthol Yellow? 
Methyl Violet. 9°50 

Dyeing Power of Colours from 1 Ton of Lancashire Coal. 

Ib. Ib. imal Ib. | Ib. Ib. 
0°623 Magenta or 1°23 Methyl Violet 9°50 Naphthol Yellow or 7‘11 Vermilline | 1-2 Aurin 2°25 Alizarin 20 % 

dye dye dye dye | dye dye 
509 yards 27 in. wide 1000 yards 27:in. wide 3800 yards 27 in. wide 2560 yards 27 in. wide'120 yards 27 in. wide 255 yds. Printer’s cloth 
Flannel a full shade. Flannel a full Violet.|Flannel a full Yellow. Flannel a full Scarlet.'Flannel a full Orange. a full Turkey Red. 

Dyeing Power of Colours from 1 1b. of Lancashire Coal. 

| 

Magenta or 
a piece of Flannel 

8 in. by 27 in. 

Violet 
a piece of Flannel 
24 in. by 27 in. 

a piece of Flannel 
61 in. by 27 in. 

Yellow or Scarlet | 
a piece of Flannel 
4l in. by 27 in. | 

Orange 
a piece of Flannel 
1°93 in. by 27 in. 

Turkey Red 
a piece of Flannel 

4 in. by 27 in. 

1 The Naphthol Yellow is a representative colour from a Naphthol, while the Vermilline Scarlet is a representative colour from the combination of 
1 Naphthylamine with # Naphthol. 

hydrocarbons is obtained, may be mentioned the patented pro- 
cess of Simon-Carvés, the use of which is now spreading in 
England and abroad. The tar obtained in this process is almost 
identical in composition with the average gas-works tar, whilst 
the coke also appears to be equal for iron-smelting purposes to 
that derived from other coke ovens. A third source of these oils 
yet remains to be mentioned, viz. those obtained as a by-product 
in blast furnaces fed with coal. 
; Another condition has, in addition, to be considered in this 
industry, and that is the nature of the coal employed for distilla- 
tion, It is a well-known fact that if Lancashire cannel be 
exclusively employed in gas-making a highly-luminous gas is | 
obtained, but the tar is too rich in paraffins to be a source of | 

profit to the tar-distiller, whilst, on the other hand, coal of a more | 
anthracitic character, like that from Newcastle or Staffordshire, 

, yields a tar too rich in one constituent, viz. naphthalene, and 
too poor in another, viz. benzene. It is also known to those 
engaged in carbonising coal principally for the sake of the tar that 
the coal from different measures, even in the same pit, yields tars 
of very different constitution. That under these varying condi- 
tions products of varying composition are obtained is a result 
that will surprise no one who considers the complicated chemical 
changes brought about in the process of the destructive distillation 
of coal. 

flistory of Benzene and tts Derivatives.—Having thus sketched 
the principles upon which the formation of these valuable tar 
colours depends, we should do wrong to pass over the history of 
the discovery of benzene (C,H,), which contributed so much to 
the unlocking of the coal-tar treasury. 

Faraday in 1825 discovered two new hydrocarbons in the oils 
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obtained from portable gas. One of these was found to be buty- 
lene (C,H,) ; to the other Faraday gave the name of bicarburet 
of hydrogen, as he ascertained its empirical formula to be C,H 
(C =6). By exploding its vapour with oxygen, he observed that 
one volume contains 36 parts by weight of carbon to 3 parts by 
weight of hydrogen, and its specific gravity compared with hydro- 
gen is therefore 39.1 

Mitscherlich, in 1834, obtained the same hydrocarbon by dis- 
tillation of benzoic acid, C;H,O,, with slaked lime, and termed 
it benzin. Heassumed that it is formed from benzoic acid simply 
by removal of carbon dioxide. Liebig denied this, adding the 
following editorial note to Mitscherlich’s memoir :—‘* We have 
changed the name of the body obtained by Prof. Mitscher- 
lich by the dry distillation of benzoic acid and lime, and termed 
by him benzin, into benzol, because the termination ‘in appears 
to denote an analogy between strychnine, quinine, &c., bodies to 

which it does not bear the slightest resemblance, whilst the ending 
in ‘ol’ corresponds better to its properties and mode of produc- 
tion. It would have been perhaps better if the name which the 
discover, Faraday, had given to this body had been retained, as 
its relation to benzoic acid and benzoyl compounds is not any 
closer than it is to that of the tar or coal from which it is 
obtained.” 

Almost at the same time Péligot found that the same hydro- 
carbon occurs, together with benzone, C,,H,,O (diphenylketone, 
CO(C,;H;).), in the products of the dry distillation of calcium 
benzoate. 

The different results obtained by Mitscherlich and Peligot are 
represented by the following formulze :— 

C,H,0. + CaO = CzH, + CaCO,. 
(C,;H;03).Ca = C€;,kl,,0 + CaCOy. 

TABLE II. 

1. Benzene. 2. Toluene. 3. Phenols. 

= ( Orange Yellow, or Acid Picric Acid 
iS Yellow 
S -) Metanil Yellow 
eK Auramine 

8 Brown, Y Bismarck Brown, RK 

gQ 

Diphenylamine Orange 
(Blackley Orange) 

=  Chrysoidine, Y Chrysoidine, R Aurin 
~ Orange I. (mixture of zt 
= I and 5) 
S Orange II. (1 and 5) 

Orange III. (Helianthine) 
Orange IV. 

Safranin Magenta, R ISosin 
Magenta, B Safrosin 

50 Cyanosine 
Rose Bengal 

e Phloxin 
~ ~ . 
s Erythrosin 
Ss 

_ { Diphenylamine Blue Blackley Blue, kK 
< ) Methylene Blue Blackley Blue, t 
% ) Indulin (Campbelline) — Alkali Blue, R 
/ ced Alkali Blue, 6 B 

X | Methyl Violet, 6 B 
RN Methyl Violet, R 

= Brilliant Green 
| Acid Green (Acid Green) 

Péligot obtained benzene only as a by-product, exactly as in the 
preparation of acetone (dimethylketone) from calcium acetate a 
certain quantity of marsh gas is always formed. 

It is not clear how Liebig became acquainted with the fact that 
benzene is formed by the dry distillation of coal, as his pupil 
Hofmann, who obtained it in 1845 from coal-tar, observes: ‘* It 
is frequently stated in memoirs and text-books that coal-tar oil 
contains benzene. I am, however, unacquainted with any re- 
search in which this question has been investigated.”” It is, how- 
ever, worthy of remark that about the year 1834, at the time © 
when Mitscherlich had converted benzene into nitrobenzene, the 
distillation of coal-tar was carried out on a large scalein the 
neighbourhood of Manchester ; the naphtha which was obtained 
was employed for the purpose of dissolving the residual pitch, 
and thus obtaining black varnish. Attempts were made to sup- 
plant the naphtha obtained from wood-tar, which at that time | 
was much used in the hat factories at Gorton, near Manchester, 

® Phil. Transs, 1825, Fe 44° 

4. Xgvlene. 6. Anthracene. 5. Naphthalene. 

Manchester Yellow 
(Dinitronaphthol) 
Naphthol Yellow 

Alizarin (pure 

Anthrapurpurin 

Flayvopurpurin 

Bordeaux 
Vermilline Scarlet, kK 
Vermilline Scarlet, R R kk 
Vermilline Scarlet, B B Is 

ws Roccellin 
(Mixture of Xylene and (Mixture 1 and 35) 

Naphthalene) New Red 
Xylidine Scarlet Biebrich Scarlet 

(Mixture of Cumene and Crocein Scarlet 
Naphthalene) 

Cumidine Scarlet obs 
(Mixtures of I and 5) 

Victoria Blue, 1 
Victoria Blue, 5 

for the preparation of ‘‘lacquer,” by coal-tar naphtha. The 
substitute, however, did not answer, as the impure naphtha left, 
on evaporation, so unpleasant a smell, that the workmen refused 
to employ it. It wasalso known, about the year 1838, that wood- 
naphtha contained oxygen, whilst that from coal-tar did not, and 
hence Mr. John Dale attempted to convert the latter into the 
former, or into some similar substance. By the action of sul- 
phuric acid and potassium nitrate, he obtained a liquid possessing 
a smell resembling that of bitter almond oil, the properties of 
which he did not further investigate. This was, however, done 
in 1842 by Mr. John Leigh, who exhibited considerable quantities 
of benzene, nitrobenzene, and dinitrobenzene, to the Chemical 
Section of the British Association meeting that year in Manches- 
ter. His communication is, however, so printed in the Report, 
that it is not possible from the description to identify the bodies 
in question. 

Large quantities of benzene were prepared in 1848, under 
Hofmann’s direction, by Mansfield, who proved that the naphtha 
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in coal-tar contains homologues of benzenes, which may be 
separated from it by fractional distillation. the 17 D 
ruary, 1856, Mansfield was occupied with the distillation of this 
hydrocarbon, which he foresaw would find further applications, 
for the Paris Exhibition, ina still. The liquid in the retort boiled 
over and took fire, burning Mansfield so severely that he died in 
a few days. 

The next step in the production of colours from benzene and 
toluene is the manufacture of nitrobenzene, CgH;NO,, and 
nitrotoluene, C;H,NO,. The former compound, discovered in 
1834 by Mitscherlich, was first introduced as a technical product 
by Collas under the name of artificial oil of bitter almonds, and 
Mansfield in 1847 patented a process for its manufacture. It is 
now used for perfuming soap, but mainly for the manufacture of 
aniline (C;H;NH,) for aniline blue and aniline black and for 
magenta. It is made ona very large scale by allowing a mixture 
of well-cooled fuming nitric acid and strong sulphuric acid to 
run into benzene contained in cast-iron vessels provided with 
stirrers. 

To prepare aniline from nitrobenzene, this compound is acted 
upon with a mixture of iron turnings and hydrochloric acid in a 
cast-iron vessel. Commercial aniline is a mixture of this com- 
pound with toluidine obtained from toluene contained in com- 
mercial benzene. Some idea of the magnitude of this industry 
may be gained from the fact that in one aniline works near 
Manchester no less than 500 tons of this material are manufac- 
tured annually. From the year 1857, after Perkin’s celebrated 
discovery ! of the aniline colours, up to the present day, the 
history of the chemistry of the tar products has been that of a 
continued series of victories, each one more remarkable than 
the last. 

Coal-tar Colours.—TYo even enumerate the different chemical 
compounds which have been prepared during the last thirty 
years from coal-tar would be a serious task, whilst to explain 
their constitution and to exhibit the endless variety of their 
coloured derivatives which are now manufactured would occupy 
far more time than is placed at my disposal. On the industrial 
importance of these discoveries the speaker reminded his audience 
of the wonderful potency of chemical research, as shown by the 
fact that the greasy material which in 1869 was burnt in the 
furnaces or sold as a cheap waggon grease at the rate of a few 
shillings a ton, received two years afterwards, when pressed into 
cakes, a price of no less than one shilling per pound, and this 
revolution was caused by Grabe and Liebermann’s synthesis of 
alizarin, the colouring matter of madder,* which is now manufac- 
tured from anthracene at a rate of more than two millions 
sterling per annum ; and it is stated that an offer was once made, 
in the earlier stages of its history, by a manufacturer of anthra- 
cene to the Paris authorities to take up the asphalt used in the 
streets for the purpose of distilling it, in order to recover the 
crude anthracene. 

Again, we have in the azo-scarlets derived from naphthalene 
a second remarkable instance of the replacement of a natural 
colouring matter, that of the cochineal insect, by artificial tar- 
products, and the naphthol-yellows are gradually driving out the 
dyes obtained from wood extracts and berries. It is, however, 
true that some of the natural dye-stuffs appear to withstand the 
action of light better than their artificial substitutes, and our 
soldiers’ red coats are still dyed with cochineal. 

The introduction of these artificial scarlets has, it is interest- 
ing to note, greatly diminished the cultivation of cochineal in 
the Canaries, where, in its place, tobacco and sugar are now 
being largely grown. 

Let us next turn to inquire as to the quantities of these various 
products obtainable by the distillation of one ton of coal in a gas- 
retort. The six most important materials found in gas-tar from 
which colours can be prepared are :— 

1. Benzene. 4. Metaxylene (from solvent naphtha). 
2. Toluene. 5. Naphthalene. 
3. Phenol. 6. Anthracene. 

The ayerage quantity of each of these six raw materials obtain- 

* See Lectures by Prof. Hofmann, F.R.S., “On Mauve and Magenta,” 
April rz, 1882, and W. H. Perkin, F.R.S., ‘‘On the Newest Colouring 
Matters,’’ May 14, 1869, Proc. Roy Just.; also President’s Address (Dr. 
Perkin, F.R.S.), Journal of Society of Chemical Industry, vol. iv., July 
1884, on Coal-Tar Colours. 
“On the Artificial Production of Alizarine, the Colouring Matter of 

Madder,” by Prof. H. E. Roscoe, Proc. Roy. Znst., April 1, 1870; also Dr. 
Perkin, F.R-S., ‘On the History of Alizarine,’’ Journal Society of Arts, 
May 30, 1879. 

On the 17th of Feb- | 

able by the destructive distillation of one ton of Lancashire coal 
is seen in Table I. Moreover, this table shows the average 
amount of certain colours which each of these raw materials 
yields, viz. :— 

| ae 4. (Xylidine 0°07 |b.) 
2.9) esate ONES INs 5. Vermilline scarlet 7°11 lbs. 
3. Aurin 1°2 Ib. 6. Alizarin 2°25 lbs. (20 per cent.) 

Further, it shows the dyeing power of the above quantities of 
each of these colours, all obtained from one ton of coal, viz.:— 

1 and 2. Magenta, 500 yards of flannel. 
3. Aurin, 120 yards of flannel 27 in. wide. 

4and 5. Vermilline scarlet, 2560 yards of flannel. 
6. Alizarin, 255 yards Turkey red cloth. 

Lastly, to point out still more clearly these relationships, the 
dyeing power of one pound of coal is seen in the lowest hori- 
zontal column, and here we have a party-coloured flag, which 
exhibits the exact amount of colour obtainable from one pound 
of Lancashire coal. 

Let us moreover remember, in this context, that no less than 
ten million tons of coal are used for gas-making every year in 
this country, and then let us form a notion of the vast colouring 
power which this quantity of coal represents. 

The several colours here chosen as examples are only a few 
amongst a very numerous list of varied colour derivatives of each 
group. Thus we are at present acquainted with about sixteen 
distinct yellow colours ; about twelve orange ; more than thirty 
red colours ; about fifteen blues, seven greens, and nine violets ; 
also a number of browns and blacks, not to speak of mixtures of 
these several chemical compounds, giving rise to an almost 
infinite number of shades and tones of colour. These colours 
are capable of a rough arrangement according as they are origin- 
ally derived from one or other of the hydrocarbons contained in 
the coal-tar. The fifty specimens of different colours exhibited 
may thus be classified, but in Table II., for the sake of brevity, 
only the commercial names and not the chemical formule of 
these compounds is given. 

(Zo be continued.) 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

CAMBRIDGE.—Prof. Liveing has been appointed Chairman of 
the Examiners for the Natural Sciences Tripos, and Mr. James 
Ward of those for the Moral Sciences Tripos. There were 106 
candidates for the first part of the Natural Sciences Tripos 
recently held. 

Attention has recently been given to the preservation of Uni- 
versity buildings from fire, and serious defects have been, or are 
being, remedied. Such matters should be carefully thought out 
in regard to every museum and library, and it is to be hoped 
that attention will be constantly given to the efficiency of means 
of prevention and extinction of fires. The report on this sub- 
ject in No. 636 of the Cambridge University Reporter is well 
worthy of the study of officials concerned in guarding precious 
scientific collections. 

Prof. Darwin will lecture in the Long Vacation on the 
Theory of the Potential, Attractions, and the Figure of the 
Earth, the first lecture being on Tuesday, July 13. 

A recent discussion of a report by the Special Board on Medi- 
cine emphasised the desirability of teaching elementary physics 
as part of general education to those intending to become 
medical students, and showed that the new “‘ extra subjects ” of 
the Previous Examination do not satisfactorily secure this, 
dynamics and a mathematical treatment being required, rather 
than experimental acquaintance with the physical forces. Mr. 
Oscar Browning said the interests of education were suffering 
terribly from the want of agreement as to what schoolboys ought 
to be taught. Mr. Shaw remarkéd on the importance of a 
training in inductive reasoning for medical students, for their 
whole practice would consist in drawing inductions. 

The grants from the Worts Fund to Messrs, Bateson, Seward, 
Gadow, and Potter, to which we recently referred, have been 
voted by the Senate. 

Prof. Alfred Marshall is giving a prize of 15/. annually for 
Political Economy, to be open to all members of the University 
under the M.A. degree. The examination is to consist of the 
papers on Political Economy in Part I., and on Advanced Poli- 
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ical Economy in Part II. of the Moral Sciences Tripos. The 
first award is to be in June 1887. He desires to concentrate 
the attention of some students more systematically than hitherto, 
noting that on some sides Natural Science studies constitute the 
best preparation. 

During the last ten years, grants from the Worts Fund for 
Antiquarian and Literary subjects have amounted to 1100’. ; for 
Biological and Geological subjects, to 1225/. ; and for Medical 
subjects, to 100/. 

Sir J. Lubbock’s Rede Lecture will be delivered on Wednes- 
day, June 9, at 2 p.m., in the Senate House, subject, ‘‘On the 
Forms of Seedlings and the Causes to which they are due.” 

SOCIETIES AND ACADEMIES 

LONDON 

Royal Society, May 27.—‘‘ The Influence of Stress and 
Strain on the Physical Properties of Matter. Part I. Elasticity 
(continued). The Effect of Magnetisation on the Elasticity and 
the Internal Friction of Metals.” By Herbert Tomlinson, B.A. 
‘Communicated by Prof. W. Grylls Adams, M.A., F.R.S. 

The principal object of this investigation was to test the 
soundness of the view advanced by Prof. G. Wiedemann re- 
specting the cause of the internal friction of a torsionally os- 
cillating wire. According to this view, the internal friction is 
mainly due to permanent rotation to-and-fro of the molecules 
about their axes ; it seemed probable, therefore,.that experiments 
on the effects of magnetising a wire, either longitudinally with a 
helix, or circularly by passing a current through it, would aid! in 
elucidating the matter. 

The following are the principal results which have been 
obtained :— 

(1) When the deformations produced by the oscillations are 
small, the internal friction of a torsionally vibrating wire of 
iron or steel is not affected by sustained longitudinal magnetisa- 

The internal friction is also not 
affected by the sustained magnetisation even when the latter is 
carried to the point of saturation, provided the magnetising 
current be, previously to experimenting, reversed a great number 
of times. When no previous reversals have been made, the 
internal friction is slightly increased by intense magnetisation. 

(2) When the deformations produced by the oscillations are 
large, the internal friction is very sensibly increased by sustained 
longitudinal magnetisation of large amount. 

(3) The torsional ela-ticity is entirely independent of any sus- 
tained longitudinally magnetising stress which may be acting 
upen an iron or steel wire, provided the deformations produced 
by the torsional oscillations be small. When the deformations 
are large, the number of oscillations executed in a given time 
is very slightly lessened by sustained longitudinal magnetisation 
of large amount. 

(4) When the magnetising current is interrupted’ and, to a 
greater extent, when it is reversed repeatedly whilst the wire is 
oscillating, the internal friction is increased, provided the mag- 
netising stress be of moderate amount. The increase of internal 
friction may become very considerable when the magnetising 
‘Stress is great. 

When the number of interruptions or reversals in a given time 
of the magnetising current exceeds a certain limit, the effect on 
the internal friction begins to decline. 

(5) When the deformations produced by the oscillations are 
small, the torsional elasticity is not affected by either repeatedly 
interrupted or reversed longitudinal magnetisation even when 
the magnetising stress is large. 

(6) There exists a limit of magnetic stress within which no 
permanent rotation whateyer of the molecules is produced. 
This limit may be widened by previous repeated reversals of a 

_ large magnetising stress. 
(7) The passage of a moderate electric current, whether sus- 

_ tained or interrupted, through a torsionally vibrating wire of 
iron, steel, or nickel does not affect, except by heating, either 
the internal friction or the torsional elasticity, provided the 
deformations produced by the oscillations be small. 

(8) The effect of longitudinal magnetisation, even when 
carried to the point of saturation, on the longitudinal oscillation 
of an iron or steel wire, is 7227. 

(9) The passage of an electric current, whether sustained or 
interrupted, through a longitudinally oscillating wire of iron or 

steel does not, except by heating, affect the number of oscillations 
_ executed in a given time. 
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Chemical Society, May 6.—Dr. Hugo Miller, F.R.S., 
President, in the chair.—Messrs. John W. King. William 
Herbert Hyatt, and George T. Holloway were admitted Fellows 
of the Society. —The following papers were read :—Paranitro- 
benzoylacetic acid and some of its derivatives, by Dr. W. H. 
Perkin, jun., and Dr. E. Bellinot.—An acetic ferment which 
forms cellulose, by Adrian J. Brown. 

Victoria Institute, May 28.—Annual Meeting.—The chair 
being taken by Prof. Stokes, P.R.S., Capt. Francis Petrie, as 
Honorary Secretary, read the report, which showed that the 
home, colonial, and American members were now upwards of 
1150, and an increasing number of leading men of science had con- 
tributed to its transactions, and the Insfitute was much indebted 
to many other scientific men of eminence, at present outside its 
ranks, who had kindly given their aid and advice, so that the 
Institute might the more worthily foster a true appreciation of 
the results of scientific inquiry.—Prof. Hull, F.R.S., Director 
of the Geological Survey of Ireland, delivered the address, in 
which he gave an account of the work, discoveries, and general! 
results of the recent Geological and Geographical Expedition to: 
Arabia and Western Palestine, of which he had charge. Prof. 
Hull, having sketched the course taken by the scientific Expe- 
dition (which to a considerable extent took the route ascribed 
to the Israelites), the physical features of the country, evidences 
of raised beaches, &c., showed that at one time an arm of the 
Mediterranean had occupied the valley of the Nile as far as the 
First Cataract, the level of the land being 200 feet lower than at 
present (2n opinion which had also been arrived at by another 
of the Institute’s members, Sir W. Dawson), and that, at the 
time of the Exodus, the Red Sea ran up into the Bitter Lakes, 
and clearly must have formed a barrier to the travellers’ progress 
at that time ; he then alluded to the great changes of elevation 
in the Jand eastward of these lakes, mentioning that the waters 
of the Jordan valley once stood 1300 feet above their present 
height. The various geological and geographical features of 
the country were so described as to make the address a con- 
densed report of all that is now known of that part of the East. 
—A vote of thanks was accorded to Dr. Hull, after which the 
members and their guests adjourned to the museum, where 
refreshments were served. 

EDINBURGH 

Mathematical Society, May 14.—Dr. R. M. Ferguson, 
President, in the chair.—Mr. J. S. Mackay gave a construction, 
due to the Right Hon. H. C. E. Childers, for solving the 
problem of medial section; Mr. W. Peddie read the second 
part of a paper on the theory of contour lines and its application 
to physical science; and Mr. A. Y. Fraser submitted a paper, 
by Mr. Charles Chree, on the vibrations of a spherical or cylin- 
drical body surrounded by or containing fluid. 

PARIS 

Academy of Sciences, May 24.—M. Jurien de la Gravieére, 
President, in the chair.—Order of appearance of the first vessels 
in the leaves of the Cruciferae: mixed formation (part 5), by M. 
A. Trécul. Ina previous paper the author showed that the 
primary lobes in the type of mixed formation presented by 
certain Cruciferze appear on either side of the young leaves in 
two superimposed series—a lower éuszfefal and an upper éasz- 
Jugal. We now proves that the first vessels of the nervous 
system corresponding to these lobes usually appear in the same 
order. Those opposed to the lobes of the basifugal series follow 
from below upwards, while those opposed to the lobes of the 
basipetal series make their appearance successively from above 
downwards.—A study of the movements communicated to the 
air by the action of a bird’s wing: M. Miiller’s experiments, by 
M. Marey. A description is given of M. Miiller’s mechanical 
experiments, which are conducted at night by the aid of phos- 
phorescent vapours, and during the day by means of smoke in 
the way adopted by Tyndall.—Note accompanying the pre- 
sentation of M. Verbeek’s fresh studies on the Krakatao erup- 
tion, by M. Daubrée. Besides a detailed account of the eruption 
this comprehensive work contains a full description of the 
meteorological and magnetic phenomena attending it, together 
with some theoretical considerations on their causes. The author 
calculates that the quantity of matter ejected was at least 18 
cubic kilometres in volume, all incoherent, consequently unac- 
companied by any flow of lava.—Presentation of various maps. 
of France, Algeria, Tunisia, and Africa, issued by the Geo 
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graphical Service of the Army, by M. Perrier. Amongst 
these maps are one of France, scale I : 200,000, compris- 

ing the districts of Amiens, Melun, Lille, Méziéres ; one 
of Algeria, part 6, scale 1+: 50,009, districts of Azeffun, 
Jebel - Filfila, Jemmapes, Ben- Harun, Aine-Bessem, Rio 
Salado; and one of Tunisia, scale I: 200,000, districts of 
Nefta, Rejem-Matong, Dwirat, Wed-Fessi.—Note on a new 
form of purulent infection following an acute attack of pneu- 
monia, by M. Jaccoud.—Researches on the organisation of the 
star-fish, by M. Edm. Perrier. Amongst the collections 
brought back by the Cape Horn Mission were several specimens 
of a new species of star-fish (Asterias hyadez, E. P.), with their 
young still attached, a circumstance which has helped to throw 
fresh light on some disputed points connected with the ana- 
tomical structure of these animals.—Observations of the new 
comets 1886 a (Brooks I.) and 1886 4 (Brooks II.) made at the 
Observatory of Nice (Gautier equatorial), by M. Charlois. —On 
the geography of the Central Tunisian seaboard, by M. Rouire. 
A careful survey of the section of the coast between Hammamet 
and Susa has determined the existence of a large marine inlet at 
the head of Hammamet Bay, which receives all the drainage of 
Central Tunisia. It was also ascertained that at some more or 
less remote period the Halk-el-Mengel Sebkha was certainly 
navigable.— Determination of the absolute value of the wave- 
length of the ray D,, by M. J. Macé de Lépinay. A fresh 
attempt to settle this disputed point gives the general result— 

5°8917 x 107° (millilitre)} ; 

and in the air, at 0°, normal pressure— 

5 ‘8900 x ro~® (millilitre)’, 

—On a visual illusion: apparent motion of a small object when 
slightly illumined amid the surrounding darkness, by M. Aug. 
Charpentier.—A new electric fuse for exploding mines charged 
with powder or dynamite, by MM. Scola and Ruggieri. For 
this fuse the authors claim that it prevents all accidents from 
slow combustion, and also removes some other dangers and 
difficulties attending mining operations. —Note on an apparatus 
intended to test the efficacy, or ascertain defects in the pre- 
paration, of electric fuses, by M. Ducretet.—Description of the 
cyclone that swept over Madrid on May 12, by M. A. F. Nogués. 
—On two different conditions of the black oxide of copper, by 
M. Joannis.—Action of the air, silica, and kaolin on the 
alkaline haloid salts: new methods of preparing hydrochloric 
acid, chlorine, and iodine, by M. Alex. Gorgeu.—On the oxi- 
dation of oils, by M. Ach. Livache.—On a little-known cause of 
corrosion in steam-boilers, by MM. D, Klein and A. Berg.—On 
a new means of employing the iodo-ioduretted reaction in the 
research of the alkaloids, and especially of the leucomaines in 
urine, by MM. Chibret and Izarn.—A fresh study of Entoniscus 
(2. kossmanni, L. fraissi, E. moniezti), by MM. A. Giard and 
J. Bonnier.—On the embryogeny of Comatula (C. meditervanea), 
by M. J. Barrois.—Observations regarding the nervous system 
and certain organic features of the scutibranch gasteropods, by 
M. E. L. Bouvier.—On a new Ichthyobdella, by M. R. Saint 
Loup. This species, which the author describes under the 
name of Svorpenobdella elegans, was. recently observed in the 
Marine Zoological Laboratory at Marseilles.—On the super- 
ficial vascular apparatus of fishes, by M. P. de Sede.—On a 
fungus developed in the human saliva, by M. Galippe. This 
fungus, discovered in some saliva filtered by Pasteur’s apparatus, 
and cultivated in Van Tieghem’s cellules, belongs to the family 
of the Monilia. . The author proposes to name it Monilia spute- 
cola (sp.n.).—Remarks on the fifth volume of M. Habich’s 
Anales de Construcciones civiles y de Minas, presented to the 
Academy, by M. Daubrée. To this volume M. Chalon contri- 
butes a paper on the prehistoric monuments of Peru, which show 
a remarkable resemblance to the menhirs, cromlechs, dolmens, 
and other ‘‘ Druidical” remains in the west of Europe. They 
occur in large numbers in every part of the country.—At the 
request of M. de Lesseps, the President appointed a Commission 
comprising the members of the Sections for Geography, Navi 
gation, and Astronomy, with MM. Daubrée, Favé, Lalanne, 
and de Jonquiéres to study the differences of level caused by the 
tides in the Pacific and Atlantic Oceans. 

STOCKHOLM 
Academy of Sciences, April 14.—On the results of some 

experiments on the condition of electricity in a vacuum, by Prof. 
E, Edlund.—On the power and fineness of the hollow muscles of 
the frog, by Herr C, G. Santesson.—On the oxidation of cymal, F Books and Pamphlets Received ......... 

and on nitrocymal, by Prof. O. Widman and Dr. J. O. Bladin, 
—Mineralogical notes, by Dr. G. Flink.—Some remarks on the 
geological map of Sweden, by Herr E. Térnebohm.—Determi- 
nation of the definite elements of the orbit of the Comet VIII. 
(1881), by Dr. K. G, Olsson.—Micrometrical determinations of 
some telescopic star clusters, by Prof. H. Schultz.—Contribu- 
tions to the theory of wave-motions in a gaseous medium, by 
Prof. A. V. Backlund.—On the integration of the differential 
equation in the problem of N bodies, by Prof. G. Dillner. 

May 12.—On a new method for determining the velocity 
of the electric molecules in a current of a certain power, 
by Prof. Edlund. — Contributions to the knowledge of the 
discharge of the Ruhmkorff coil, by Hr. T. Moll. —A 
method for increasing the convergence of periodical series, 
by Hr. C. Charlier.—Research on a non-linear differential 
equation of the second order, by Prof. H. Gyldén.—An 
account of the Zoological Station of Christineberg, in the 
province of Bohus, belonging to the Academy, by Prof. Syen 
Loyén.—Researches on the changes of the arsenious oxide in 
contact with putrid animal matters, by Prof. Hamberg.—A 
balance constructed by Hr. F. J. Lemcke for determining the 
consumption of the normal light in the measurement of the 
power of the light, exhibited by Prof. F. L. Ekman.—New or 
imperfectly known Isopoda, part 3, by Dr. C. Bavallius—On 
naphtoé acids, by Dr. Ekstrand. 

BOOKS AND PAMPHLETS RECEIVED 

“Ting-Nam,” by B. C. Henry (Partridge).—‘‘Infant School Manage- 
ment,” by S. S. Hale (Stanford).—‘“‘ The Romance of Mathematics,” by P. 
Hampson (E. Stock).—‘‘ Handy Guide to Norway,” by T. B. Willson 
(Stanford).—‘* Chemical Arithmetic,” by J. M. Coit (Heath, Boston).— 
“ Summary Report of the Operations of the Geological and Natural History 
Survey of Canada,” part 3 (Maclean, Ottawa). — “ Earthquakes of Ischia,” 
by H. J. Jobnston-Lavis (Dulau).—‘‘ La Mythologie,” by A. Lang ; traduit ~ 
de l’Anglais par Léon Parmentier (A. Dupret).—‘‘ Determination of Rock- 
forming Minerals,” by Dr. E. Hussack, translated by Dr. E. J. Smith 
(Wiley, New York) —‘‘Studies from the Biological Observatory, Johns 
Hopkins University,” vol. iti. No. 6.—‘‘Catalogue No. 10 of Physical 
Apparatus for Universitizs and Superior Schools”’ (Ff. Ernecke, Berlin).— 
‘* Account of the Graphic Method in Use for Determining the Co-ordinates 
of the Secondary Trigonometrical Stations of the Ordnance Survey,” by J. O. 
Farrell (Eyre and Spottiswoode). —‘‘ Modern Armour for National Defence,” 
and edition, by W. H. Jacques.—‘‘ Ericsson’s Destroyer and Submarine 
Gun,” by W. H. Jacques.—‘ Heavy Ordnance and National Defence,” by 
W. H. Jacques (Putnam, New York).—‘‘ Circulars of Information of the 
Bureau of Education,” No. 4, 1885: Education in Japan (Washington).— 
“John Bunyan and the Gipsies,”” by J. Simson (Maclachlan, Edinburgh). 
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THE 43-TON GUN EXPLOSION 

HE bursting of the 43-ton gun on board the Col/ing- 

wood has naturally attracted considerable attention 
from men of science as well as from the general public, 
and it may not be out of place at the present time to 
compare the ideas of scientific men with the data given 

in text-books published by authority and put into the 
hands of artillery officers for purposes of instruction. 

The latest gunnery text-book is that compiled by Major 

Mackinlay, R-A., and published in 1883. In it is a table 

compiled by another artillery officer, in which is given 

the calculated and actual results obtained from all classes 
of ordnance, among them being the 12” B.L. gun of 43 

tons, Mark II., the gun which burst on board the 
Collingwood. : 
The powder charge is given as 286 lbs. prismatic, pro- 

jectile 720 lbs. ; the total work theoretically producible 
from the expansion of the charge in the bore 22,884 foot 

tons ; the actual work produced in muzzle energy of pro- 

jectile 17,180 foot tons. There is therefore, according to 
the table, a loss of 5704 foot tons to be expended— 
externally in expelling the powder gases, displacing the 

atmosphere, and recoil ; internally in heating and stretch- 

ing the gun, in friction of the gas check and gases, and 
rotating the shot. 

In a lecture delivered in January 1885, just after the 
bursting of the Acézve’s 6” gun, Mr. Wm. Anderson pointed 
out that the lost work was very much greater than was 
usually imagined, and he went through a calculation on 
thermo-dynamical principles of the forces produced in a 
1o" B.L. gun. Taking Mr. Anderson’s formule and 
adapting them to the 12” B.L. gun, we shall not have to 
proceed far before finding out how erroneous is the table 
given in the text-book. We will only examine the forces 
external to the gun (¢.e. those producing recoil), as Mr. 
Anderson’s accuracy on these points has been indorsed 
by Col. Moncrieff, C.B., F.R.S., and we shall neglect 

internal forces employed in friction stretching and heat- 

ing the gun—forces difficult to estimate, and on which 
there is some difference of opinion. 

As to the energy of the projectile there can be no 

question, but taking the terminal pressure at 3 tons (we 
believe it has risen as high as 5°5 to 6 tons) the energy of 

the expelled gases is 12,208 foot tons, that expended in 
lifting the atmosphere 2501 tons, together 14,714 foot 
tons ; so that, neglecting internal forces altogether—and 

these are no small quantity—we have 14,714 foot tons of 
energy against 5704 in the text-book. 
We can only conclude that the pressure corresponding 

to this difference, as well as that due to the forces 
expended inside the bore, have been entirely neglected by 
the designers of the guns. 

The powder with which the gun was burst was that 
known as “cocoa”; this powder, while diminishing the 
maximum pressure carries it further down the bore (a 
most dangerous thing for guns weak in the chase), and 
increases the mean and final pressures, and the muzzle 
velocity ; therefore the calculation we have given is 
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probably within the mark for an equal weight of cocoa 
powder. 

The reason for the errors we have pointed out may 
probably be found in the blind confidence placed in the 

indications of crusher gauges. It is well known that a 

certain length of time must be taken up in the com- 
pression of all metals, and it is extremely doubtful 
whether something near the two-hundredth part of a 

second in which the explosion takes place is sufficient for 
the compression of copper cylinders, especially when 

comparisons are made between those near the breech, 
which are longer under the influence of the powder gases, 
and those in the muzzle, which are not acted on for any 
appreciable time. 

The only item in the above estimates which has been 

ascertained by experiment is the muzzle velocity, the 
others are the result of calculation, and although Col. 

Moncrieff tells us they are to be trusted when measured 
in recoil, it would be far more satisfactory were they 
ascertained by direct experiment. 

Means for verification have been pointed out, and 

although we believe the Government is provided with the 
instruments nothing has yet been done with them. 

The failure of the Coddimgwood’s gun raised hopes in 
the minds of many that at last a proper inquiry into the 
question would be held ; but it has been referred back to 
the same Committee, associated with the same civilians 

(except Mr. Leece, who is dead), who recommended that 
the gun “should remain unaltered,” but that “the charge 
of 295 lbs. of cocoa powder should not be exceeded.” 

They therefore are to sit in judgment on themselves, 

and if they relied on the same data when recommending 
certain additional strength should be given to other guns, 

as they did when merely limiting the charge of the 
12”, what reason is there for supposing that the results 
with other guns will differ from this one except in loss of 
life and damage done ? 

GEOLOGY OF TURKESTAN 

Turkestan; a Geological and Orographical Description 

based upon Data collected during the Fourneys of 1874 

to 1880. By J. V. Moushketoff. Pp. 714. With Map 
and Engravings. Russian. (St. Petersburg, 1886.) 

OR several years past all who take an interest 

in Central Asia have followed with great interest 
the yearly reports published by Profs. Romanovsky and 
Moushketoff on their geological explorations in the 

mountains of the Tian-Shan, the high plateaux of the 
Pamir, and the lowlands of the Amu-daria. The ex- 

tensive character of these explorations, prosecuted for 
several consecutive years, and the practical experience of 

the two Russian geologists promised that new light would 

soon be thrown on several important but doubtful points. 
in the geology of this most interesting region; but the 
appearance of their works has been delayed for some 
years. We have, however, now before us the first volume 

of M. Moushketoff’s work, and when the whole, which 
will comprise three large volumes, as also M, Romanoy- 
sky’s work on the same subject, is published, we shall 
have an almost complete picture of the geology of this 
region which contains the key to so many important 
geological questions in Europe, 

G 
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The first volume of M. Moushketoff's “ Turkestan ” 
consists of two parts. The first is an analysis of all 
explorations made in Turkestan up to 1884; and, the 
literature of the subject being scattered in periodicals, 

it will be of great value for the geographer. All the 

Russian and English explorations are mentioned, and the 
chief of them briefly analysed. The second part contains 
a description of the journeys of the author in the “ Turan 
or Aral basin,” including Samarkand, the western out- 
skirts of the Tian-Shan, the valley of Ferganah, the 

western outskirts of the Pamir and Alay region, the valley 

of the Amu-daria from Termez to Khiva, and the Kyzyl- 
kum sands. A summary concludes the volume, which is 
accompanied by a novelty that will agreeably surprise 
geologists, namely, a geological map of Russian Turkestan, 
on a scale of 67 miles to an inch. Another map, on a 
scale of 20 miles to an inch, is in course of preparation, 

that now published being only intended to show the 

extension and limits of four great geological sub- 

divisions: the Post-Tertiary deposits; the Tertiary, 
together with the Chalk, Jurassic, and Trias; the 

Primary, including the Archean crystalline slates ; and 

the unstratified crystalline rocks (granites, porphyries, 
diabases, and so on). Of course, it is regrettable that 

the Secondary deposits could not be separated from the 
Tertiary; but we must wait for the appearance of the 
promised map on a larger scale. 

As to the conclusions arrived at in this volume, we 

may remark at once that the personal inclinations of the 
author being chiefly directed to petrography on the one 

hand, and dynamic geology on the other, these two 
departments have received most attention ; while Prof. 
Romanovsky, being a well-known paleontologist, has 

devoted his chief attention and wide practical knowledge 
to the discrimination of the different subdivisions of the 
sedimentary deposits explored by him. M. Romanovsky 
having published almost every year very valuable reports 

on his summer’s work, his researches are embodied in M. 
Moushketoff’s work, so that each is complementary to 
the other. 

Nearly the whole of the Aral basin (and we have seen 
that the author includes under this name the wide tracts 

east and south-east of Lake Aral) is covered by Chalk, 
Tertiary, and Post-Tertiary deposits ; the remaining por- 
tion, that is, no more than one-twentieth of the area, 

being occupied by crystalline unstratified rocks, meta- 
morphosed slate, and Paleozoic deposits which appear 
from below the above. A mere glance at a topographical 
map of the region would be sufficient to indicate their 
extent—all the hills rising amidst the wide steppes being 
built up of Paleozoic or Archeean rocks. The Devonian 
limestones of the mountains Urda-bashi and Karatash ; 
the syenites, diabases, and crystalline slates of the Mogol- 
tau, Kochkar-ata, and Karnak mountains ; and the De- 

vonian and Carboniferous limestones of the Kazy-kurt 

hills are in this category. Some gold, silver-and-lead 
ores, copper, as also almandine and beryl, are found in 

these mountains. It is interesting also to notice that the 
crystalline rocks in the Paleeozoic islands scattered amidst 
the steppes are much more metamorphosed than the 

corresponding rocks in the Tian-Shan mountains. They 

have obviously been long subject to the influence of water, 
which once covered what is now the steppe region. 

Jurassic deposits are the next geological formation 

found in the East Aral basin. ‘The lowest strata seem, 
however, to belong to the Rheetic subdivision—the few 
remains of plants which they contain being some of them 

Jurassic, while others should be recognised as Rhaetic, 
and the third Triassic. They contain no traces of marine 
origin, and only one fresh-water shell, the Anadonta 
boroldaica, Romanovsky. It must therefore be concluded 
that throughout the Triassic and Jurassic periods nearly 

all Turkestan was a land having on its borders numerous 

lakes containing sweet or brackish water. These Jurassic 

deposits appear only on the borders of the East Aral 
basin: namely, on the Baidam and Saram rivers, and in 
Ferganah ; in the west they are known on the Mangi- 

shlak peninsula (Caspian). Everywhere they contain 
most valuable deposits of coal. We may add that the 
geologist will thus find, in the Aral basin, the well-known | 

geological feature so characteristic of the structure of 

East Siberia and Manchuria. 
Chalk and Tertiary deposits are widely spread. They 

constitute the bottom of nearly all the basin, and reach a 
thickness of 2000 feet in Ferganah, and 5000 feet in 

the Hissar region. ‘Two systems of dislocation are pretty 

well observed amidst these deposits which are folded in 
two chief directions: north-east (60°) and north-west 

(60°). This observation of M. Moushketoff is well worthy 

of notice. We thus find, on the outskirts of the hilly 

tracts of Asia, the two great systems of upheavals which 
are so characteristic of Asia: the system of ridges and 
plateaux running from south-west to north-east, which 
we have found appearing with such persistency in the 

East Siberian hilly tracts ; and the north-western direc- 

tion, which appears predominantly in South-West Asia. 
The Chalk deposits show great variety of structure; 

sandstones, limestones, and marls predominating. As to 

their fossils, they appear at some places in immense 

masses, but the number of species is mostly limited. 
According to M. Romanoysky, the Upper and Middle 

Chalk are represented there: the former, very rich in 
oysters, is closely akin to the Senonian of Europe; it is 

much developed on the outskirts of the Tian-Shan, espe- 

cially in Ferganah, but it changes its characters (Senonian 
Ammonites making their appearance) farther west, in the 
lower parts of the Amu-daria. The Middle Chalk, which, 
however, it is difficult to separate from the former, has a 
still wider extension. The Chalk contains a number of 

useful minerals; namely, phosphorite, gypsum, naphtha, 
ozokerite, and sulphur. 

The Tertiary deposits are so closely connected with 
the Chalk deposits that it is often difficult to separate 
them from one another; they are still poorer in fossils 
(excepting those on the northern and western shores of 
Lake Aral, as yet unexplored), especially towards the 
east, as we approach the Tian-Shan, In this last region 
we have, as is known, the Eocene deposits, consisting for 
the most part of deep-sea deposits of Nummulite sand- 
stones. They are covered with Lower and Middle Oligo- 
cene, very much like the German and Belgian Tertiary 

deposits, and these last in their turn disappear under 
Miocene limestones and Sarmatian clays. 

The Tertiary deposits of the Tian-Shan contain, on the 

contrary, very little or no clays, and chiefly consist of 
conglomerates and sandstones. S me of them date from 
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the Eocene period, some others from the Oligocene ; 

while the most recent Miocene and Pliocene deposits 
contain a fauna in process of decay : the deep-sea fauna 
of the banks of the Aral is substituted by a shallow-water 

fauna, and the Nummulite banks disappear. The chief 

fossils are teeth of sharks, some Lamellibranchiata, and 
a few oysters (Sphenia rostrata, Lamk. ; Wodiola sub 
carinata, Lamk.; MM. jeremejew?, Roman.; Alligator 

darwini, Ludw.; Ostrea raincurt?, Desh.; O. longirostris, 

Lamk., &c.). These features, as also the extension of 

pudding-stones, especially on the outskirts of the Tian- 

Shan, are indicative of their littoral origin. The same 

distinction appears as to the minerals they contain. 
Several great beds of gypsum, brown-coal, and _bitu- 

minous slates are found in the Tertiary deposits around 
Lake Aral, as also naphtha in the Balkhan mountains ; 

but both naphtha and brown-coal are absent in the Tian- 

Shan deposits, which contain, on the contrary, salt, 

together with gypsum. 

The Post-Pliocene Aral-Caspian deposits can hardly be 
delimitated from the Tertiary deposits. Their maximum 

thickness does not exceed roo feet. Both in the Black- 
Sands (Kara kum) and the Red-Sands (Kyzyl-kum) they 
consist of a sandy clay which often passes upwards into a 

clayey sandstone. As to their petrographical features, 

they are the same from the Volga to the foot of the Tian- 

Shan. The fossils they contain (Cardium edule, Dreys- 
sena polymorpha, Neritina liturata, Adacna vitrea, and 
Hydrobia stagnalis in the Kara-kum ; Léthoglyphus 
caspius, Fydrobia stagnal’s, Anadonta ponderosa, and 

the Spongia described as Metschnihowia tuberculata by 
M. Grimm in the Kyzyl-kum) are all now living in the 
Caspian and Lake Aral, and precisely in the littoral 
shallow-water zone. 
What are the limits of this immense Post-Pliocene 

basin surely forms one of the most interesting problems 
of geology, and they can already be determined approxi- 

mately. In the west, the Ergeni hills (which run due 
south of the great Tsaritoyn bend of the Volga) form its 
western shore '—a great gulf extending along the broad 
valley of the two Manych rivers towards the Black Sea. 
Further south it must have been much nearer to the 

present shore of the Caspian, with a broad gulf to the 
west in what is now the valley of the Kura. How far this 
gulf extended towards the north remains still unsettled. 
The evidence derived from the Dreyssena polymorpha, 

found as far north as the Samara winding of the Volga, 

is still contested by MM. Méllerand Grimm—this species 
of Dreyssena being a too cosmopolitan one; but the 
discovery of a few Caspian mussels even further north, 
towards Simbirsk, as well as the orography of this region, 
make one incline to the opinion that a narrow gulf of the 
Aral-Caspian Post-Pliocene sea extended almost as far as 

the mouth of the Kama, with a wide lake filling up the 
Oka depression of the Volga and communicating with 
the sea by an outlet. It is known that this basin extended 

towards Lake Aral and further east, with a penin- 
sula which entered it from the north, and which is now 

known as the Ust-urt and Mugo-djar hills. How far it 
_) Prof. Barbot-de-Marny, whose deep insight and keen observation are so 

highly esteemed, extended these limits further west. Several considerations 
derived from the orography and physical geography of the region give. in 
my opinion, great probability to M. Moushketoff’s view on the question. 
He has also had the opportunity of making a tk i feo y ig a more thorough exploration of 
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extended towards the east remains still unsettled. M. 
Moushketoff only mentions the supposition of the late 
M. Severtsoff as to the connection which existed between 
Lake Aral and Lake Balkhash. However probable this 

connection, we ought to take into consideration the latest 
researches of Russian zoologists, according to which the 
fauna of Lake Balkhash would have much more kinship 

with the lakes of Central Asia than with the fauna of 
Lake Aral. If this fact is confirmed, we should probably 
distinguish two different periods—an earlier and a later 
one —during which last the connection between Lake 

Balkhash and Lake Aral was broken, but continued be- 

tween the former and the eastern lakes of Central Asia. 
As to the southern limits of the Aral-Caspian basin, 

they cannot yet be determined with certainty. Aral- 
Caspian deposits are wanting in the middle parts of the 

Kyzyl-kum plateau, so that the southern shores of this 
basin must have been somewhere in the latitude of the 

Bukan-tau mountains. Further east they ran in a more 
southern latitude. In the Sary-kamysh depression and 
for 160 miles further south we again find Aral-Caspian 
mussels, as far as the Bala-Ishem wells, and in this region 
the Uzboy (formerly considered as the old bed of the 
Amu) disappears. South of Lake Aral they hardly reach 

the latitude of Mery. From all these data, M. Moush- 

ketoff concludes that the basin consisted of two different 
parts—the Caspian and the Aral part—connected by a 
narrow outlet passing by the base of the Balkhan mountains. 

The eastern portion was shallower than the western ; it 
had more islands, and its organic life was poorer. It was 
also subdivided, in its turn, into two parts connected by 

the Aibughir outlet. 

As to the drying up of this basin and its subsequent 

modifications, which M. Moushke’'off attributes in great 
part to the agency of the wind, we shall devote to them a 

second article, inasmuch as the author’s observations on 

the dunes and moving sands deserve special attention. 
Bak. 

(To be continued.) 

THE NATURALIST’S DIARY 

The Naturalist’s Diary. Arranged and Edited by Charles 
Roberts, F.R.C.S., L.R.C.P., &c. (Swan Sonnenschein, 
Le Bas, and Lowry, Paternoster Square). 

apts book may be described as a most excellent vade 
mecum and guide to any person who not only 

wishes to keep a phenological diary, but who wishes to 

know what to enter therein. The preface and introduc- 

tion show forth the principles which have guided the 

author in making this compilation, and the important 

services it may be made to render to biologists and to men 
of science, as well as to practical gardeners, agriculturists, 

sportsmen, and residents in the country generally. It is 
also recommended to the notice of tourists, and especially 

to those who find themselves perchance perforce anchored 
in some one of our numerous health resorts, cut off from 

their usual avocations. Mr. Roberts’s observations have 

been made on the breezy downs of Marlborough in con- 

nection with the Marlborough College Natural History 
Society, 1864-84. They include registration of mean, 
maximum, and minimum temperature in sun and shade, 
“accumulated temperature” above 42° day-degrees, baro- 

| metrical observations, rainfall, and direction of wind. 
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These are, however, only the necessary key to what 
follows in the most interesting observations upon the first 
appearance of each familiar flower, the maiden song of 

each sweet warbler of the grove, the arrival of summer 
visitants, such as the swallow, swift, corn-crake, or cuckoo, 

and the emergence of insect, reptile, fish, or hibernating 
mammal from winter’s sleep. 

The student is provided with a series of 365 pages, 
fittingly and instructively introduced, one being devoted 

to every day in the year. Each page is numbered both 
prospectively and retrospectively, showing not only the 
number of days or pages from the beginning, but to the 
end. These pages are partly blank, and upon the left- 

hand side the reader is told what to look for in the vege- 

table or animal kingdom, what flower may be expected 

to raise its head, or, as the season advances, what fruit may 

be expected to ripen. We are almost all of us keenly 
alive to the interest of watching the unfolding season, 
and a book of this kind embodying information already 

obtained, and inviting the reader to record his own ob- 

servations on the same points, must commend itself to a 
large class of persons. Take as an example p. 133, or the 
133rd day of the year, May 13, and we find that we should 
on this day “look out” for the green hair-streaked butter- 
fly, the light tussock and rivulet moths, and the egg of 

the lesser whitethroat ; we may also look for the spindle- 

tree in flower and the common mallow, although some- 

what before their usual times. The blossom of the white- 

thorn, which is always known as “ May,” has been seen 

at Marlborough on April 30, and again has not been seen 
till June 4, information which is thus succinctly set forth, 
“ Crategus oxyacantha, 120-155, Hawthorn, Whitethorn, 
May,” the figures indicating the earliest and latest days 

of the year upon which this favourite flower has been 
known to bloom. 

There appears, indeed, to be no limit to the kind of 
things which an earnest student of Nature might not 
pleasantly note as affording material for his Maturalist’s 
Diary. And so wide is now the net thrown, and so extra- 
ordinary are the correlations of science, that no fact need 
be passed over as unworthy of notice. For example, we 
are told in the introduction that “closely connected with 

the subject of migration, and equally deserving of sys- 

tematic observation, is the congregation or flocking of 
birds in the autumn and winter months, as it is probably 

correlated with hibernation of fishes and reptiles.” So 
that watching the loves of doves, and packing of par- 

tridges, listening to the early soft cooings of pigeons, or 
the crow of the pheasant, chronicling the advent of the 
cuckoo, or of “‘sweet Philomel complaining,” or listening to 

the first strains of that “rapture so divine” which the 
immortal Shelley ascribed to our most sustained songster 

—in each case we may by accuracy of observation add a 
drop to the ocean of facts slowly developing into universal 
knowiedge. Such a task could not fail of being attractive. 
Possibly it may tend to dissipate the sweet and more 

dreamy influences which steal over us insensibly while 

experiencing the gradual unfolding of Nature—the feeling 

so tenderly expressed by Longfellow in his exquisite pre- 
lude to the “ Voices of the Night”; but this awakening 
from the poetic dream appears to be the fate of com- 
munities as well as of individuals, and we must, we sup- 
pose, resign ourselves to it. 

to ransack, to dissect, to arrange, to chronicle, and not to 
“babble o’ green fields” only, as Dame Quickly said of 
poor Sir John Falstaff lying a-dying. 

Downton, May 12 JOHN WRIGHTSON 

OUR BOOK SHELF 

Scientific Results of the Second Yarkand Mission, based 
upon the Collections and Notes of the late Dr. F. 
Stoliczka. “ Araneida.” By the Rev. O. P. Cambridge, 
M.A. (Published by order of the Government of India, 
Calcutta, 1885.) 

WE have already on several occasions noticed the 
memoirs published by the Government of India on the 
collections made during this expedition to Yarkand. The 
spiders were placed in the very capable hands of the Rev. 
O. P. Cambridge for description. The collection cannot be 
considered as fairly representing the fauna of the exten- 
sive region traversed during the expedition, an area which 
Mr. Hume thinks might be subdivided into five well- 
marked regions, but which the author, judging from the 
collection of Araneida, conceives might have been well 
considered as but two: that is, (1) from Murree to Cash- 
mere, including the latter as well as the former; and (2) 
the whole of the rest of the area travelled over by the 
Expedition, and comprising the neighbourhood of Leh, 
the route from Tantze to Chagra and Pankong Valley, 
and from Yarkand to Bursi, as well as Yarkand and 
neighbourhood, Kashghar, the hills west of Yarkand, and 
the Pamir. 

In the former of these more than half of the whole 
number of spiders were collected—69 out of 132. The 
leading character of these is European, with a few more 
distinctly tropical and sub-tropical species. The character 
of the latter region is also European, but with decided 
sub-Alpine features, and scarcely a trace of any even sub- 
tropical form; and of the 69 species met with in the 
former three only were found in the latter, and only one, 
Drassus dispulsus, occurred throughout. 

Of the 132 species, 23 seem identical with European 
species already described, leaving the large proportion of 
109 as apparently new to science. Even this number can- 
not be supposed to represent the new species in the fauna 
of this region. The season of the year was very much 
against the success of the collection, and the hands of the 
collector were very much engaged with other branches of 
natural history ; and there can be no doubt that a large 
harvest awaits the explorer of the southern slopes of the 
mountain regions of Cashmere, where the tropical cha- 
racter of the forms will become more marked; and 
probably a still greater diversity in the species will be 
found in those from the more central regions of India. 
For comparison upon these points the author regrets that 
there exist no materials, for almost nothing has as yet 
been published about the spiders of tropical India. 

Two quarto plates with 21 figures of the more important 
new species accompany this Report. 

LEDTLERS LO THE EDITOR. 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.| 

The Thomson Effect 

I AM indebted to Dr. Everett for calling my attention to the 
confusion which has crept into § 193 of my book on ‘‘ Heat.” 
I had not noticed it; but, happily, it can easily be removed. 

It is the province of science | Take to the end of the section the statement quoted by Dr. 
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Everett ; and delete the word ‘‘ Thus” in the sentence which, 
at present, (wrongly) follows instead of preceding it. This 
change is obviously called for by the context :—for the reader 
has just been told how far theory had guided Thomson as to 
certain ‘‘ absorptions,” &c., of heat ; and, of course, expects 
next to be told what additional information, as to these 
‘‘absorptions,” &c., Thomson obtained by experiment. 

Still, confused as it is, the passage could not (except possibly 
from the point of view of history) embarrass a reader of § 196; 
for the nature of the Thomson effect is there ayazn clearly 
stated, and even illustrated by a diagram. [A much more 
serious case of confusion is to be found at p. 366, line 15; 
where (by the omission of a few words) my copyist has made 
absolute nonsense of a quotation from Clerk-Maxwell. ] 

The statement quoted by Dr. Everett obviously requires to be 
restricted, as follows :— 
An electric current, passing from cold to hot in copper, behaves 

as a real fluid would do :—i.e. it tends to reduce the gradient 
of temperature. In iron, under the same circumstances, it tends 
to increase the gradient. 

It is clear that this statement has nothing to do with the 
general nature of the Thomson effect :—.e. ‘‘ absorption” or 
“disengagement ” of heat :—for ¢4zs would depend upon the 
temperature of the fluid spoken of. It raises the question of the 
excess of Thomson effect in one locality, over that in another, at 
a lower mean temperature but with an equal gradient. 

Dr. Everett seems to forget that, though the water-equiva- 
lent of a metal may be treated as sensibly constant through 
moderate ranges of temperature, the j* specific heat of elec- 
tricity” cannot so be treated. Using nis notation, (with the 
proviso that @ is aéso/ute temperature) we have o = £0, and the 
equation he quotes from Thomson is 

a _ _ 0 dd 
dt c ax 

Happily, this can be integrated, so that we have 

o=F(x- 40). Aes hae yan (1) 

Now suppose the gradient of temperature to be uniform and 
positive along x positive (the direction of the unit current) ; 
when ¢= 0 we have 

(eS are 
Generally, therefore, 

Thus the gradient becomes less steep :—7.e. there is a tendency 
to reduce temperature differences, when & is positive, as in 
copper. In iron, where & is negative, the tendency is to make 
the gradient steeper :—7.¢. to exaggerate differences of tempera- 
ture. Of course, as in all these thermo-electric matters, reversal 
of sign of the gradient reverses the thermal effect. 

The general integral (1) denotes a process of continued simle 
shearing, not translation, of the “‘temperature curve.” Were it 
not for heat-conduction, harmonic waves of temperature would 
tend to become Jreakers, But it is idle to speculate farther. 
How much of this is Thomson’s I don’t certainly know ; and I 

_ am for the present too busy to enquire. But it would be difficult 
to overestimate his services to Thermo-electricity. 

_ This will, I hope, meet with Dr. Everett’s approval. As to 
his letter, I would say (in Scottish legal phrase) ‘‘ Quoad ultra, 
denied.” PiG. DA 
May 28 

Power in Laboratories 

IN connection with the admirable devices for the distribution 
of driving-power in laboratories, illustrated in NATURE, vol. 
xxxill. p. 248, the description of a novel and very effective form 
of water-engine, with which I have been experimenting for 
several months, will be of interest. 
One of these motors is set up in the cellar of our science hall, 

where it is supplied with aqueduct-pressure of sixty pounds to 
the square inch, and the power is transmitted from it by means 
of rubber belting led over ‘‘idle pulleys” to the upper stories 
of the building, where a small engine-lathe and dynamo are 
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driven. A word will suffice to explain the very simple construc- 
tion of the motor—a system of radial cylinders, with their bases 
at the centre of the motor, through which runs the driving-shaft. 
The pistons in these cylinders are single-acting, and the water is 
admitted to them in succession by the rotary valve which forms 
part of the main shaft. The pistons, thus, in pressing outward, 
exert their force against a strong ring, to which is bolted a cross- 
bar which engages the crank of the main shaft. Thus the ring, 
in turning the shaft, has the vibratory motion of an eccentric, 
and returns the opposite pistons to the bases of the cylinders, at 
the same time exhausting the water through the interior of the 
rotary valve. Three pistons are thus constantly exerting a thrust 
upon the ring, whatever its position, and this thrust being always 
tangential to the arc of revolution of the crank, there is no 
‘‘ dead centre,” and the uniform pressure at right angles to the 
crank at every part of its arc insures an even rotary motion and 
obviates the necessity of a balance-wheel. The ends of the 
piston-rods are slotted, and contain anti-friction rollers which 
bear against the ring, and this latter is grooved all round, so 
that, in addition to its simple and rapid motion as an eccentric, 
the ring is free to perform a slow motion of revolution indepen- 
dently of its work of driving the crank, and the wear of the 
anferior face of the ring is thus equalised and becomes inappre- 
ciable. 

The supply-pipe for this motor has a diameter of 14 inches, 
and it gives an equivalent of nearly 2 horse-power. The flow 
of water is regulated by means of a balanced valve, under control 
from every point where the power is used. As the use of the 
power is, for the most part, discontinuous, like that in lathe- 
work, I find it better to start and stop the motor as often as 
desired than to use the ordinary device of shifting a belt off and 
on a loose pulley. All possible economy of water is assured, as 

Side View. Front View. 

none of it runs to waste without giving its equivalent of power 
at just the time when itis required. It will be seen that this 
form of motor is specially adapted to such uses, as there is no 
fly-wheel whose inertia has to be overcome; and as the motor 
has no ‘‘dead centre,” it readily starts from any position, over- 
coming a maximum resistance. 

Where continuous running is required, at an invariable speed, 
a centrifugal governor is attached to the belt-wheel, and acts 
upon the amplitude of vibration of the ring, diminishing the 
stroke of the pistons when the resistance is removed. The 
governor thus gauges the water-supply exactly proportional to 
the resistance to be overcome, and makes the motor a very 
effective driving-power for dynamos and all sorts of machines 
and apparatus in which a uniform speed is necessary, while the 
resistance is variable. 

The difficulties barring the economic use of water as a motive- 
power, owing to its weight and incompressibility, seem to have 
been successfully overcome in this form of motor, with which 
unexampled speeds have been attained, and more than 80 per 
cent. of the theoretical power of the water derived. The little 
cut annexed shows the smallest size of these motors—it stands 
about 10 inches high, and uses a }-inch supply, consuming less 
than six quarts of water in 100 revolutions. I frequently run it 
at a speed of 1000 revolutions to the minute, and at the manu- 
factory I have seen the same motor attain double this velocity. 
The motor runs equally well with compressed air (or with 
steam, if the piston-packings are changed), and with either of 
these media even higher speeds are attainable. 

I find that the constant readiness of the motor for the imme- 
diate development of power, the little care it has required (only 
occasional oiling), and its economical consumption of water, are 
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very great advantages in its favour; and, for all laboratories 
supplied with aqueduct-pressure, I venture to think that it 
affords the best solution of the problem of inexpensive, con- 
venient, and effective power. Davip P. Topp 

Lawrence Observatory, Amherst, Mass., May 15 

Scientific Nomenclature 

Iw a letter published in Narure for May 27 (p. 76) Prof. 
Minchin proposes to replace the expression ‘‘ potential energy ” 
by ‘‘static energy.” It seems to have escaped his notice that a 
similar expression, proposed many years ago by Sir William 
Thomson, was used until it was replaced by the very words 
which Prof. Minchin wishes now to abolish. A short account 
of the question is given by Maxwell in ‘‘ Matter and Motion,”’ 
p. 81, and I should like to bring the following passage to the 
notice of those who take an interest ia this question :— 

“This is called the ‘sum of the tensions’ by Helmholtz in 
his celebrated memoir on the ‘ Conservation of Energy.’ Thom- 
son called it statical energy ; it has also been called energy of 
position ; but Rankine introduced the term potential energy—a 
very felicitous expression, since it not only signifies the energy 
which the system has not in actual possession but only has the 
power to acquire, but it also indicates its connection with what 
has been called (on other grounds) the potential function.”’ 

Harrow, June 8 G, GRIFFITH 

Nezra 

I WISH to request any of your readers who may dredge, or 
have opportunity this summer, to observe living or fresh speci- 
mens of the genus Meera, Gray, and see whether branchiz exist 
in that group. A Lamellibranch without branchize is anomalous, 
tosay the least. I find in a new species of Meera (sub-genus 
Myonera) from the Gulf of Mexico the following anatomical 
facts :—The mantle closed except for the small siphon and a 
narrow short slit for the thorn-shaped foot ; no gills, no palps ; 
the oral opening circular, plain ; the roof of the peripedal cavity 
between the base of the body and the mantle margin is flattish, 
fleshy, with sparse pustules ; a peripheral very stout pink muscle 
runs on each side around this, and is prolonged upward to the 
shell before the true adductor at each end of each valve, thus 
accounting for the double scars to be found there ; the foot is 
close to the oral orifice, not grooved for the byssus, but pedun- 
culated and surrounded by a groove; around the siphonal 
opening are numerous tentacular processes and a moderate 
number of ocelli. The specimens appear to be adult and per- 
fectly preserved. An examination of specimens of Meera arcti-a 
and Neera olesa, Lovén, indicated a similar state of affairs, 
though these specimens were not in as good condition as the one 
from the Gulf of Mexico. I do not find in the literature any 
categorical statement of the observation of gills in this genus. 
Clark is non-committal (in his ‘‘ British Testacea”’), Jeffreys speaks 
of seeing the ‘pink gills” through the shell, but that which he 
saw fink was without doubt the circular muscle I have men- 
tioned, 

The question is worthy of a definite solution. | My specimens 
seem to leave no doubt that there are no gills, but it is always 
best to be suspicious of material long in alcohol. 

Wm. H. DaLi 
Smithsonian Institution, Washington, D.C., May 27 

“Plants and their Defences” 

WITH regard to the interesting article in your issue for May 6 
(p- 5) on ** Plants and their Defences,” I should like to offer 
two remarks, and in return would be very glad to receive from 
you information upon a certain point. (1) The author enumer- 
ates different species of plants protected by the severe stings of 
ants, but dves not seem to know the remarkable work of Beccari, 
‘*Piante ospitatrici ossia piante formicarie della Malesia e della 
Papuasia” (Malesia, vol. ii., Firenze, 1885). Beccari describes 
seventeen partly new species of ‘‘ Myrmecophilous ” Rubiacez, 
among which are eleyen of Hydzophytum (not Hydvio- 
phytum, as is erroneously given in the article in NATURE). You 
will find a further contribution to this question in Henry O. 
Forbes’s ‘‘ Wanderungen durch den Malayischen Archipel,” 
vol. i. pp. 84-88 of the German translation. 

For my part, I should be greatly obliged if you would com- 
munica‘e to me the title of the original work from which the 

author of ‘‘ Plants and their Defences” has taken his account of 
Triplaris Schomburghiana, Schomburghia tibicinis, andzAcacia 
spharocephala. 

(2) Concerning the same article, Mr. Alfred W. Bennett 
(Nature of May 20, p. 52) is inclined to think that the poison- 
ous fluid of the nettle-glands is not formic acid, as generally 
conjectured, because the fluid frequently has an alkaline reac- 
tion. As a matter of fact, Prof. Dr. Haberlanlt, at Graz 
(Austria), has recently, in vol. xciii. of Swsungidberichte des 
haisrl, Akademie dr Wissenschaften in Wien, 1886, Februar-. 
Heft, shown in his article, ‘‘ Zur Anatomie und Physiologie der 
pflanzlichen Brennhaare,” that (1) the poison of the stinging 
glands is not identical with formic acid ; (2) mor is it the albu- 
men dissolved in the fluid of the glands; but (3) that most 
probably this fluid is a transformed ferment or enzymotic poison. 

Frankfurt a, Oder, June 2 E. Huru 

A Remarkable Hailstorm 

On April 17, at 4 o'clock p.m. (local time), a very remarkable 
hailstorm visited the neighbourhood of asmail hamlet, called 
Et Totumo,' not far from the town of Tinaco, section Cojedes, 
State of Zamora, Venezuela, The place is approximately in 9° 
25 N. lat., and 68° 5’ long. W. of Greenwich, certainly not more 
than 200 metres above sea-level. My informant is a resident of 
El Totumo, named Nicolas Moreno Nunez, who is universally 
said to bea trustworthy and respectable man. There was first a 
very heavy thunderstorm with much rain; but after some time 
hailstones began to fall in such abundance that it might have 
been easy to collect them by hundreds of bushels, some weighing 
as much as two ounces. It is well known that between the 
tropics hailstorms are exceedingly rare in localities situated in 
the lowlands ; but the present case is still more interesting, on 
account of the colour of the hailstones, some of which were 
whitish, whilse others were blue or rose-coloured. I have read of 
but one instance in which the two last-mentioned colours were 
observed, viz. in the hailstorm of Minsk of June 14, 1880, 
described by Lagunowitch, and quoted by Th. Schwedoff in his 
memoir “On the Origin of Hailstorms.”* Schwedoff thinks 
that the blue and rosy colours are owing to the presence of salts 
of cobalt and nickel, and thus confirm his hypothesis of the 
cosmic origin of hail. Ido not know whether the existence of 
those mineral constituents in the hailstones of Minsk was ever 
made certain by chemical analysis, and it is of course impossible 
for me to do so in the present case, when almost a month has 
passed since the phenomenon took place. But it is undoubtedly 
a very curious coincidence that the sae colours should have 
been observed in both instances and in localities so widely 
separated from each other; whilst there is not the slightest 
possibility that my informant, an honest and plain countryman 
of no literary education whatever, should have had any know- 
ledge of such an observation having been made before. 

Caracas University, May 12 A. ERNST 

VISITATION OF THE ROYAL OBSERVATORY 

HE visitation to the Royal Observatory by the Board 
of Visitors took place last Saturday, when there 

was a very numerous attendance. The report of the 
Astronomer-Royal to the Board gives, as usual, an 
account of the work done during the past year, and 
references to any points of interest or importance which 
have been raised. From the report we select the follow- 
ing particulars :— 

Mr. Turner has recently investigated the discordance 
between observations for coincidence of the collimators 
made respectively through the apertures in the cube of 
the transit-circle and with the instrument raised. A 
wooden model of the cube was constructed through which 
the observation could be made when the transit-circle 
was raised, and it was thus shown that the discordance 
was due to the cutting off of portions of the object-glasses. 
by the cube, and not to any effect of tem,erature. In 
view of this result it seems desirable that the optical 

* This is the vernacular name of the calabash-tree (Crescen/ia Cujete) > 
there is, or was, probably a remarkable specimen of this tree in the neigh- 
bourh od of the hamlet. 
_* Lonly knowa Spanish translation of Schwedoff’s memoir, in Crénica 

cienffica (Barcelona), 1882, No. 120, pp. 553-60. 
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definition of the collimator object-glasses should be 

thoroughly tested. 
A discussion of the collimation-observations made 

throughout the year 1885 with the reversion-prism shows 

that for the regular observers the personality depending 

on the apparent direction of measurement is extremely 

small. Any possible effect of the kind is eliminated by 

-the method of observation adopted with the reversion- 

prism. The personality depending on the direction of 

motion, as deduced from the results of reversed and 

ordinary transits of clock-stars with the reversion-prism, 

appears to be more decided, though the amount is small 

except in the case of one observer. 
The personal equation instrument was completed last 

autumn, but was dismounted during the winter to preserve 

it from injury in the bad weather. Series of observations 

have been taken with it on five days, and the results 

appear to be very satisfactory, the accordance being as 

close as could be expected. The absolute personal equa- 

tions thus obtained seem to show that all the observers 

observe too late, the differences between the several 

observers agreeing well with the relative personal equa- 

tions found from observations of clock-stars. 
The sun, moon, planets, and fundamental stars have 

been regularly observed during the past year, together 
with other stars from a working catalogue containing 
about 2750 stars. Good progress has been made in the 
observation of these stars, in view of the formation at the 
end of 1886 of a Ten-Year Catalogue, epoch 1880’0. The 
annual catalogue of stars observed in 1885 contains about 
1250 stars. 
The following statement shows the number of observa- 

tions made with the transit-circle in the tweive months 
ending 1886 May 20 :— 

Transits, the separate limbs being counted as separate 
observations S09 ocd Sc 5685 

Determinations of collimation error ... 306 
Determinations of level error ... 332 
Circle observations ee +6 ae Pron sy h5) 
Determinations of nadir point (included in the 

number of c rele-observations) 5p Be ban ae SUS 
Reflection-observati ns of stars (similarly included) 530 

The value found for the co-latitude from the observations 
of 1885 is 38° 31' 22’04, differing by o14 from the 
assumed value; the correction to the tabular obliquity of 
the ecliptic is + 0”°81 ; and the discordance between the 
results from the summer and winter solstices is — 0’ 98, 
indicating that the mean of the observed distances from 
the pole to the ecliptic is too great by + 0''49. 

The mean error of the moon’s tabular place (computed 
from Hansen’s Lunar Tables with Prof. Newcomb’s cor- 
rections) is + o’02s. in R.A. and + 0°36 in longitude, as 
deduced from 105 meridian observations in 1885. The 
mean error in tabular N.P.D. is — 0°58, which would 
appear to agree with the observations of the sun in indi- 
cating that the mean of the observed N.P.D.’s is too 
great. 

The observations of the moon with the altazimuth 
have, as usual, been restricted to the period from last 
quarter to first quarter in each lunation, the total number 
of observations of various kinds made in the twe!ve months 
ending 1886 May 20 being as follows :— 

Azimuths of the moon and stars ... 21 
Azimuths of the azimuth-mark ae 
Azimuths of the collimating-mark 176 
Zenith-distances of the moon oat con 110 
Zenith-distances of the collimating-mark 172 

The reversion-prism has been used during the past 
year with the altazimuth for investigation of the person- 
ality depending on the apparent direction of motion of 
stars or the moon. The plan adopted has been to 
observe a transit over the first three wires with a certain 
apparent direction of motion and over the last three with 

the apparent direction of motion changed. A second 
transit is then observed with the conditions reversed, so 
that in each double transit there are two sets of observa- 
tions over the same six wires with the apparent direction 
of motion different, from which a determination of the 
personality is obtained by simple subtraction without any 
calculation of intervals of wires. The results show that 
the personality is in every case small, and that further 
observations are required to separate it from accidental 
errors of observation. 

A clock synchronised by hourly currents, on Lund’s 
system, has been presented to the Observatory by the 
Standard Time and Telephone Company, and is fixed in 
the Astronomer-Royal’s office. 

A new plane mirror (silver on glass) has been obtained 
from Mr, Calver for the Lassell equatorial, and a wooden 
screen has been fixed at the eye-end to protect the open 
end of the tube from the heat of the observer's body, it 
having been found that the definition was much affected 
by convection-currents at the eye-end, giving rise to an 
apparent astigmatism which was at first supposed to be 
caused by tilt of the large mirror. The optical_perform- 
ance appears now to be satisfactory. At Mr. Common’s 
suggestion a frictional connection between the clock and 
the driving-screw has been applied so as to allow of the 
latter being turned in either direction (for slow motion in 
R.A.) without putting the clock out of gear. 

For determination of motions of stars in the line of 
sight, 378 measures have been made of the displacement 
of the F line in the spectra of 51 stars, and 21 measures 

of the 2 lines in 8 stars, besides measures of the displace- 

ments of the d and F lines in the spectra of Mars and 
Venus, and of the east and west limbs of Jupiter, and 
comparisons with lines in the spectrum of the moon, or 
of the sky, made in the course of each night’s observa- 
tions of star-motions, or on the following morning, as a 
check on the general accuracy of the results. The ob- 
servations of Sirius during the past twelve months indi- 
cate, as in the last three years, a displacement of the I 
line towards the blue (corresponding to a motion of ap- 
proach), the amount being slightly larger than in the pre- 
ceding year. Spectroscopic observations were interrupted 
on a number of nights through deficient supply of water 
for the driving-clock of the south-east equatorial. After 
some correspondence with the Kent Waterworks Com- 
pany it was arranged that the pressure in the Observatory 
main should not be reduced to so low a point in the 
evening, and no further trouble with the water supply has 
been experienced since. The experiments with the re- 
version spectroscope of the Oxford University Observa- 
tory (lent by Prof. Pritchard) indicate that this form of 
instrument is well adapted for observation of displace- 
ments, provided certain improvements can be effected in 
the optical and mechanical parts. 

For the year 1885 Greenwich photographs are avail- 
able for measurement on 208 days, and photographs from 
India and the Mauritius, filling up the gaps in the series, 
on 152 days, making a total of 360 days out of 365 on 
which photographs have been measured. The record 
has thus been made practically complete for 1885 by 

means of the Indian and Mauritius photographs. 

A table of the means of daily areas of spots and facule 

and of th2 mean heliographic latitude of spots has been 
formed for each synodic rotation of the sun, and for each 
year from the commencement of the Greenwich series in 
1873 to the end of 1385. 

Further experiments for determination of the tempera- 

ture corrections for the horizontal and vertical force 
magnets by alternately warming and cooling the base- 
ment on sticcessive days were made in the spring of this 

year, a continuous record of the temperature being ob- 

tained by means of the Richard thermograph. The 

following are the results thus obtained in 1885 and 1886 

as compared with the previous determinations, the appa- 
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rent changes for 1° of temperature being expressed in 
terms of the horizontal force and vertical force respect- 
ively :— 

For x Fahr. increase of temperature 1868 1885 1886 
Apparent decrease of horizontal force ‘ooo18 ‘00026 ‘oo02I 

1882 1885 1886 

Apparent increase of vertical force ... "09020 ‘00022 00020 

The following are the principal results for magnetic 
elements for 1885 :— 

18° 2' west. 
{ 3°9376 (in English units). 

“| 3°8156 (in metric units). 

Approximate mean declination 

Mean horizontal force... 

(67 27 28 (by 9-inch needles). 
... 467 27 32 (by 6 inch needles), Mean dip 

( 67 28 27 (by 3-inch needles), 

In the year 1885 there were only three days of great 
magnetic disturbance, but there were also about twenty 
days of lesser disturbance for which it may be desirable 
to publish tracings of the photographic curves. It is 
proposed to add tracings of the registers on four quiet 
days to serve as types of the ordinary diurnal movement 
at four seasons of the year, as was done for 1884. 

The automatic drop of the Greenwich time-ball failed 
on two days during the past twelve months, on one oc- 
casion through accumulation of snow on the mast, and on 
another through failure in the clock-work apparatus for 
daily reversal of the currents through the electro-magnets. 
This apparatus has since been removed, and the direction 
of the currents is now reversed by hand once a week. On 
one day the ball was not raised on account of the violence 
of the wind. 

As regards the Deal time-ball, there have been seven 
cases of failure owing to interruption of the telegraphic 
connections, and on three days the violence of the wind 
prevented the raising of the ball. There nave been 
three cases of failure of the 1 p.m. signal to the Post 
Office. 

No further action has been taken as regards the esta- 
blishment of hourly time-signals at the Lizard or Start, as 
the arrangements for preliminary trial of a collapsible cone 
at Devonport are not yet completed. One of the Transit 
of Venus clocks (Dent 2010) has been adapted by Messrs. 
E. Dent and Co. to give hourly time-signals, and to be 
synchronised bythe help ofan auxiliary seconds’ pendulum 
on the plan I proposed in the last report. 

The longitude of Gibraltar was determined last year 
under Capt. Wharton’s direction, by exchange of tele- 
graphic signals on August 8, 9, and 12 between Green- 
wich and Gibraltar, the Eastern Telegraph Co. having 
courteously given the free use of their telegraph cable for 
the purpose. The signals were transmitted by relay- 
action from the ends of the cable to the observing-stations 
at Greenwich and Gibraltar. Local time was determined 
at Gibraltar by the officers of H.M.S. Sy/véa with the 
sextant, and at Greenwich by Commander Moore and 
Lieut. Douglas by means of sextant observations, and also 
~by transits with the transit-circle. In connection with this 
determination a large number of observations of signals 
were made at Greenwich for the determination of the 
personal equations of the different observers in observing 
telegraph signals. At Greenwich the longitude signals 
were observed by five observers independently. Com- 
mander Moore and Lieut. Douglas made a series of 
observations at Greenwich last summer for comparison 
of the relative value of determinations of local time made 
with a sextant and with a small transit instrument 
respectively. 

The record of the past year shows that the work in all 
branches tends to increase. This increase could not well 
be resisted without impairing the efficiency of the Ob- 
servatory, but year by year it causes more pressure on 
our limited staff, which, in addition to scientific work, is 

charged with the ever-increasing duties of a Government 
Office. In this connection I may mention that a good 
deal of my own time, as well as that of the Chief 
Assistant, has Jately been occupied with various matters 
connected with the Navy, reference having been made 
to me on the subject of gun-directors, mirrors for electric 
search-lights, and binoculars, in all of which there are 
involved questions requiring careful consideration. 
Commencing with the year 1885, Greenwich civil time, 

reckoning from midnight to midnight and counting from 
o to 24 hours, has been adopted in the spectroscopic 
and photographic results as well as in the magnetical and 
meteorological. It is proposed to defer the introduction 
of this time-reckoning into the astronomical results till 
the year 1891, for which year the Board of Visitors have 
recommended its adoption in the Waztical Almanac. - In 
an Observatory such as this, where observations of various 
classes are carried on, there is, however, considerable 
inconvenience in the retention of the present astronomical 
day, which now involves the use of two systems of reckon- 
ing mean solar time in the same establishment. 

The construction of an object-glass of 28 inches aper- 
ture and of 28 feet focal length, with suitable tube, to be 
mounted on the south-east equatorial, has been authorised 
by the Government, and the necessary funds have been 
provided in the estimates. The work has been intrusted 
to Mr. Grubb, with whom I have arranged the details of 
the tube, which is to be of special construction, adapted 
to the conditions of the mounting, and available for 
spectroscopy and photography as well as for eye-observa- 
tions. Mr. Grubb proposes to provide means for readily 
separating the lenses of the object-glass to such a distance 
as will give the proper correction for photographic rays. 
Messrs. Chance are engaged in the manufacture of the 
glass for the lenses, and have already made a flint disk 
which promises to be very satisfactory. 

In view of the recent development of astronomical 
photography, I propose to have constructed, for use with 
the present 12}-inch refractor of the south-east equatorial, 
a combination of a convex flint and concave crown lens, 
which, when placed about 2 feet within the focus, would 
correct the chromatic aberration of the object-glass for 
the photographic rays without alteration of the focal 
length. If this plan succeeds, the instrument would then 
be well adapted for photography, thanks to the firmness 
of its mounting and the excellence of its driving-clock. 

THE PAST WINTER 

Ae the meeting of the Royal Meteorological Society 
held on May 19 a paper was read on ‘“ The Severe 

Weather of the Past Winter, 1885-86,’ by Mr. C. 
Harding, F.R.Met.Soc. The paper dealt with the six 
months from October to March in a general way, and 
with the three months from January to March more in 
detail, as the latter embraced the period during which 
the weather was most severe, and in which both frost and 
snow were exceptionally prevalent. The material used 
in the discussion was for the most part contributed by 
the kindness of the Meteorological Council. 

The greatest deficiency of temperature throughout the 
winter occurred in the weeks ending January 25, March 
1, 8, and 15, the defect on the average amounting to as 
much as 9° and 10° over the greater part of England. 
During the fortnight ending March 15 the mean tempera- 
ture was below the freezing-point in the Midland Counties 
and in the north-west of England, and, considering the 
British Islands as a whole, the temperature was lower 
during this fortnight than in any similar period of the 
winter. The means for each of the six winter months 
show that the temperature was below the average over 
the whole Kingdom in October, January, February, and 
March. In the east, south, north-west, and south-west 
of England, and the Channel Islands, as well as over the 
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greater part of the Midland Counties, and the north of 
Ireland, temperature was also below the average in 
December, whilst in the north-west of England and overa 
great part of the north of Scotland each of the six months 
was below the average. There was no part of the British 
Islands, except the Channel Islands, in which the tem- 
perature for each week, from the commencement of 
January until the third week in March, did not fall to the 
freezing-point or below, whilst in the south-west of Eng- 
land there was not a single exception after the first week 
in October, and in the east of Scotland, the north-east 
and north-west of England, the thermometer fell to 32° 
or below in each week from the commencement of 
November. The lowest shade-temperatures observed in 

the British Islands were: in January, — 2° at Braemar on 
the 19th, and 11 at Alston on the 20th; in February, 
2°°5 at Braemar and 71 at Alston on the 5th; in March, 
—2° at Alston and 1°°2 at Buxton on the 7th, and 2° at 
Braemar on the 12th. There were extremely few in- 
stances of the temperature falling below 5°; but tem- 
peratures below 10° were observed in January and March 
over the greater part of Great Britain. 

From the commencement of January to the middle of 
March there was almost continuous frost, and during this 
period it froze for upwards of 60 nights at many places 
in the British Islands. At Great Berkhamsted the mini- 
mum temperature registered 32° or below in January 
22 days, February 23 days, March 18 days, making a 
total of 63 days between January 3 and March 18 ; whilst 
on the grass it froze for 73 consecutive nights, from Janu- 
ary 5 to March 18. At Cheadle in Staffordshire, Church- 
stoke in Montgomery, Llandovery in Carmarthen, and 
Great Berkhamsted in Hertfordshire, it froze for 33 
consecutive nights, from February 14 to March 18, 
whilst at very many stations the frost continued 30 days 
or more. In Great Britain the longest period of frost 
occurred between the middle of February and the middle 
of March, but in Ireland it occurred generally in January. 
At Greenwich it froze on 28 consecutive days from Feb- 
ruary 19 to March 18; the observations from 1845 do 
not show another instance of frost continuing for so long 
a period without interruption. The only instances of 20 
or more consecutive days are :— 

24 days in 1858, from February 17 to March 12. 
22 days in 1879, from November 20 to December II. 
21 days in 1855, from January 1:4 to February 3. 
21 days in 1878, from December 6 to December 26. 
For the three months from January to March there are 

but few years since 1845 that have a period of continuous 
frost of one-half the length of that in 1886. The years 
with fifteen days or more are respectively :— 

1886 (28), 1858 (24), 1855 (21), 1861 (19), 1881 (16). 
Taking the actual days with frost at Greenwich, irre- 
spective of continuity, there was frost on 53 days in the 
present year (1886) from January to March. In 1855 the 
number of frosts in the corresponding period was 58, but 
the only other instance of more than 50 days was in 1858, 
when the number was 53. 

Probably the most interesting feature in connection 
with the past winter was the excessively cold weather 
experienced over the whole country at the commencement 
of March. The Greenwich observations from 1814 only 
show two instances of a similarly low temperature—these 
were in 1814 and 1845. The unusual frequency with 
which snow fell was also a matter of interest, and the 
heavy drifts occasioned serious blocks on many of the 
northern railways. 

The records of the London Skating Club show that 
there was skating on the Club water in Regent’s Park 
on 38 days during the winter, and 1885-86 was the only 
winter in which there was skating in each of the four 
months from December to March since the formation of 
the Club in 1830, and the only March records of skating 
in the 56 years are 16 days in 1886, 12 days in 1844, 10 

days in 1858, and 1 day in 1853. Ona pond at Pinner 
there was almost continuous skating for 3 months, and 
and at Rickmansworth for about 70 days, but at both 
places the ice was most carefully nursed. On January 7 
there was safe skating on snow-ice after one night’s frost. 

The temperature of the water in the Thames at Dept- 
ford was, on the mean, slightly in excess of the air. From 
January 8 to March 20 the entire range was from 40° to 
34°; and from March 1 to 19 the maximum temperature 
was 36°75 and the minimum 35°, showing a total range of 
m5: 
The recent temperatures observed at several stations 

over England show that at 1 foot below the surface the 
greatest cold for the winter was reached during the first 
17 days of March. The mean was generally about 2° in 
excess of the mean air temperature. In January the 
earth temperature at 1 foot was from 2° to 3° below the 
average over the whole country, whilst in February it was 
from 4°°5 to 6°°5 below the average ; the first 17 days of 
March, however, show a much larger defect on the 
average, the deficieney ranging from 6°°3 at Lowestoft to 
8°*5 at Norwood. The temperature of the soil at 2 feet 
was generally about 2° in excess of that at 1 foot. 

The logs of ships traversing the North Atlantic show 
that the abnormal conditions which prevailed over the 
British Islands and indeed over nearly the whole of 
Europe extended also a considerable distance to the 
westward. They show a decided tendency to a low baro- 
meter, during the early months of 1886, in the locality 
where a high barometer generally prevails, and to the 
north of this low barometer strong and persistent easterly 
winds were experienced. These facts tend to show a 
general reversal of conditions over the Atlantic which 
would doubtless be very intimately related to our own 
exceptional weather. 

THE ASTRONOMICAL DAY 

aRHE recently published report of the Science and Art 
Department contains some most important informa- 

tion showing what the recent Government action has been 
in relation to the resolutions passed at the Washington 
Conference. 

The first letter that we need refer to is one from 
the Astronomer-Royal, in April last year, suggesting 
that reference should be made to various scientific 
Societies, in order to obtain an authoritative expression of 
opinion from the scientific men in this country interested 
in the question. This was followed by a meeting of the 
committee appointed to advise the Science and Art 
Department on the matter. The following resolution was 
adopted by the committee, which consisted of Prof. Adams, 
the Astronomer-Royal, General Strachey, Captain Sir 
Frederick Evans (since deceased), Captain Wharton 
(the Hydrographer), and Colonel Donnelly :—‘ The com- 
mittee recommend that the report of the British Dele- 
gates to the Washington International Prime Meridian 
Conference, with the resolutions adopted by that body, 
be communicated to certain Departments of State, 
learned Societies, telegraph companies, &c., and that they 
be informed that the resolutions appear to be such as 
commend themselves for adoption ; but before informing 
the American Government to that effect they would be 
glad to receive their opinions on the subject.” : 

The Science and Art Department then addressed a 
letter to various public offices, scientific bodies, and 
telegraph companies. Their replies may be thus con 
densed. 

The Eastern Telegraph Company, and the Eastern 
Extension, Australian, and China Company, state that 
they have always adopted the twenty-four-hour system 
in timing their messages, thus avoiding the necessity of 
signalling the letters a.m. and p.m. 
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The Society of Telegraph-Engineers and Electricians 
cordially approve of the first six resolutions of the 
Washington Conference, but they reserve their opinion 
as to the seventh (the one referring to the application 
of the decimal system to space and time). 

The Royal Astronomical Society forwards the following 
resolution :-— 

“The Council of the Royal Astronomical Society 
desire to express their concurrence in the resolutions of 
the Washington Conference, and consider it desirable that 
the reckoning of astronomical time from mean midnight 
be adopted in the Nautical Almanac for 1890, the earliest 
practicable date, and that it be thenceforward adopted by 
astronomers.” 

The India Office writes that “the Government of India 
will be perfectly prepared to accept whatever conclusicns 
may be arrived at by Great Britain after the discus- 
sions which will doubtless precede any final decision 
modifying the practice of astronomers, navigators, or 
others in this country in the reckoning of longitude or 
time.” 

The Board of Trade thinks that the resolutions are 
such as commend themselves for adoption. 

The Royal Society forwards a report drawn up by a 
specially appointed committee, which the Council of the 
Society adopted :— 
“The committee recommend the Council to approve of 

resolutions 1 to 6. 
“With regard to resolution 6, if the change of time- 

reckoning be generally adopted, and can without incon- 
venience to mariners be made in the nautical almanacs of | 
all nations for 1890, the committee recommend that year 
for the change to be made. 

““With regard to the seventh resolution the committee 
would remark that, for astronomical reasons, the division 
of angular space is bound up with the division of time, 
and that a decimal division of the day would be opposed 
to the practice of, we may say, all nations, from very 
early times to the present day. 
“Such a change the committee conceive ought not to 

be made without the gravest consideration. The com- 
mittee observe, however, that the resolution does not 
appear to go beyond the expression of a hope that the 
subject may be further studied, to which of course there 
can be no objection.” 

The Eastern and South African Telegraph Company 
give the same reply as that given by the two Eastern | 
Companies to which we have already referred. 

The Submarine Telegraph Company does not adopt 
the twenty-four-hour system. 

The Office of Works has no observations to make. 
The Colonial Office has no objections to offer. 
The views of the Admiralty were thus stated in a letter 

dated July 1885 :— 
“ My Lords desire me to inform you that this question 

has engaged their attention since the receipt of the com- 
munication from the Science and Art Department of the 
29th May, but that, seeing how many and varied are the 
interests involved in a proposal to make any alteration in 
methods of reckoning time which have for so many 
hundreds of years prevailed, they have thought it desirable, 
before offering any opinion, to obtain full information on 
the results which would follow, and the effect which it 
might have both on seamen and astronomers, more 
especially as the main responsibility of action would 
finally rest on their Lordships, as controlling the produc- 
tion of the Nautical Almanac. 
“When their Lordships have received the report of 

the Board of Visitors to the Royal Observatory, Green- 
wich, who, as eminent astronomers, have been consulted, 
they will be in a position to give an opinion ; but as they 
have been advised that that body cannot conveniently 
meet, without undue haste, until the autumn, their Lord- 
ships regret that, for the present, they cannot furnish any 

definite reply to the question asked by the Lords of the 
Committee of Council on Education.” 

The General Post Office letter states that there wall be 
no objection to the adoption of a legally authorised system 
of counting time from zero to twenty-four hours, and that 
for some purposes it seems to possess advantages over 
the present system. The Postmaster-General is inclined 
to think, however, that, in the case of his Department in 
particular, the introduction of the system should depend 
upon popular feeling. 

The Elder Brethren of the Trinity House see no 
objection to the immediate adoption of the sixth resolu- 
tion, that as soon as may be practicable the astronomical 
and nautical days will be arranged everywhere to begin 
at mean midnight. 

The above letters are given in the order in which they 
were received by the Science and Art Department. 

In January of the present year, the Admiralty sent a 
second letter, which we give 27 extenso -— 

CSIR Admiralty, 5th January, 1886 

“TY am commanded by my Lords Commissioners 
of the Admiralty to inform you that they have had under 
their careful consideration your letter of the 29th May 
last, inclosing a copy of the resolutions passed by the 
International Conference for fixing a Prime Meridian and 
Universal Day, held at Washington in October 1884, and 
asking their Lordships’ opinion thereon. 

“9. The first five of these resolutions, causing as they 
do a minimum of change in the customs of this country, 
cannot but meet with their Lordships’ unqualified approval, 
but do not appear to call for any action on their part. 

“3. My Lords do not consider that the seventh resolu- 
tion demands any remark from them. 

“4, With regard, however, to the sixth resolution, 
which proposes a fundamental change in the mode of 
reckoning astronomical time, my Lords are deeply 
interested, not only so far as it may affect Her Majesty’s 
Navy, but in consequence of the responsibility for the 
publication of the Nautical Almanac being vested by 
Act of Parliament solely in them. 

“5. My Lords are of opinion that the sixth resolution 
may be regarded in two different lights :— 

“rst. It may be considered as the natural corollary of 
| the adoption of a universal time, such time being a civil 
day at the Prime Meridian; because, should universal 
time be adopted (for scientific and certain other purposes) 
the disagreement between civil and astronomical time, 
if retained, would to a great degree render nugatory the 
endeavour to introduce uniformity. In this aspect the 
change would seem to depend upon the adopt’on of 
universal time. 

“ond. This proposed change may also, however, be 
looked upon as intrinsically desirable in itself, besides as 
in a measure facilitating the adoption of universal time ; 
and in this light action may be taken before any inter- 
national consensus is arrived at with regard to universal 
time as recommended by the Washington Conference. 

“6. Befcre, however, coming to any final conclusion on 
the advisability of sanctioning such changes in the 
ephemeris as would be necessary to give effect to this 
resolution, my Lords have felt bound to consult, both as 
to the principle and in respect of details, those other 
classes who habitually use the Nautical Almanac, viz., 
the mercantile marine and astronomers, as represented 
respectively by the Board of Trade and by the Board of 
Visitors to Greenwich Observatory, the latter being the 
most representative body of astronomers to whom my 
Lords could appeal. 

“7. My Lords find that, while there is a general agree- 
ment in the desirability of putting an end to the present 
dual system of reckoning time, the urgency of the change 
is differently regarded by seamen and astronomers. 
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“8. Astronomers are now apparently finding many 
difficulties in the present duplication of time, and are 
desirous of a speedy change. 

“9. At sea it causes but little practical inconvenience, 
as the two systems do not come into collision, being used 
for totally different purposes ; and my Lords agree with 
the opinion expressed to them by the Board of Trade, 
that the change will not be unattended with risk from the 
possibility of mistakes during the period of transition, 
and that it must be made with all possible precautions. 
“My Lords also fully recognise that the fact of the 

change rendering the existing epitomes and text-books of 
Navigation to a great extent useless must receive due 
consideration from several points of view. 

“yo. It does not, however, appear to my Lords that 
there is sufficient reason to cause them to place obstacles 
in the way of making the change desired by British 
astronomers and many seamen, and recommended by the 
unanimous votes of the Delegates of the Washington 
Conference, as they consider that the rearrangement of 
the Nautical Almanac may be so carried out as to 
minimise the above-mentioned risks. 

“11. My Lords will, therefore, be prepared to sanction 
such alterations in the Nautical Almanac as will be 
necessary to establish the change to the new reckoning at 
a date sufficiently far in advance to give ample warning 
to seamen. 

“12. As, however, the fundamental objects in view of 
the Washington Conference were, to simplify and unify 
the modes of reckoning time, to remove present discre- 
pancies, and to endeavour to establish an international 
system, it would appear that no decided move of any kind 
should be made until the views of other nations, and 
more especially those maritime powers which publish 
astronomical ephemerides, are ascertained. It would be 
manifestly contrary to the interests of simplification that 
England should alter the practice of centuries only to 

find herself alone in the new method of reckoning 
astronomical time ; nor would it be courteous to announce 

her intention of so doing without consulting other 
Governments on the steps proposed by their representa- 
tives, but not plenipotentiaries, at the Washington 
Conference. 

“13. My Lords will, therefore, be pleased to learn that 
the opinions and intentions of the other maritime nations 
have been ascertained at as early a date as practicable, in 
view of the wishes of British astronomers. 

“lam, &c. 

“(Signed) EVAN MACGREGOR. 
“The Secretary, Science and Art Department, 

“South Kensington, S.W.” 

After the receipt of the second letter from the Admiralty 
another meeting of the committee was held, and the 
following report was drawn up for the information of 
my Lords :— 

“Your committee find that the Science and Art Depart- 
ment having consulted the various bodies named in the 
accompanying list, the first five of the resolutions of the 
Washington Prime Meridian Conference have received 
unanimous approval, but demand no action on the part of 
this country. 

“As regards the sixth resolution, which proposes that as 
soon as may be practicable the astronomical and nautical 
days shall be arranged everywhere to begin at mean mid- 
night, it appears that the opinion in England is generally 
in favour of this change in the mode of reckoning astro- 
nomical time, and that the Admiralty have expressed their 
willingness to take the necessary steps to give effect to 
this resolution of the Conference by introducing civil 
reckoning into the British Nautical Almanac, the re- 
arrangement of which they are satisfied may be so carried 
out as to minimise risks from mistakes by navigators during 
the period of transition, if other maritime nations are pre- 

pared to adopt the proposed method of reckoning 
astronomical time. 
“Under these circumstances your committee suggest 

that the Foreign Office be invited to communicate this 
result of the inquiries of the Science and Art Department 
to the Government of the United States, and to inquire 
whether, as conveners of the Washington Conference, 
they are now prepared to take steps to invite the adhesion 
of other maritime States ” 

Next follows a letter from the Science and Art Depart- 
ment to the Foreign Office, asking them to make the 
inquiry referred to in the previous report, and another 
from our ambassador at Washington, stating that the 
United States Government had taken the matter in 
hand. 

FACILITIES FOR BOTANICAL RESEARCH 

ie an article under the above heading, published in 
NATURE, vol. xxxi. p. 460, I endeavoured to draw the 

attention of our younger botanists to the importance of 
extending their studies over a wider field than is at present 
usual, and mentioned some easily accessible stations at 
which students might observe tropical vegetation. Since 
that article was written, I have had the opportunity of 
acting on my own suggestion, and of visiting Ceylon; I 
am therefore now in a position to enlarge upon my pre- 
vious suggestions, and to fill in from personal experience 
many details which, though often trivial in themselves, 
may yet bring the possibility of Eastern travel home to 
the mind of some in such a way as may lead to future 
action. But while giving some account of the facilities 
for botanical work in the East, care must be taken not to 
over-colour the picture ; it happens too often that writers 
of an enthusiastic bent raise expectations in the minds of 
their readers, which actual experience can only disappoint: 
in the following paragraphs | shall endeavour to make a 
purely matter-of-fact statement, and leave the colouring 
to be filled in at the will or opportunity of the reader. 
Taking first Peradeniya, we may consider what are its 
attractions as a station for botanical work, and then pass 
on to discuss the relative merits of other stations. 

In the first place, hardly any port in the east is more 
accessible than Colombo: it has been aptly called the 
“Clapham Junction” of the East: the steamers of all 
nations meet there, and the competition between them 
produces a moderate scale of fares. Once there, a direct 
train service lands the traveller in about three hours 
almostat the gate of the Royal Gardens; the mechanical dis- 
comforts of many a journey to remote districts inthe United 
Kingdom are greater than this. The cost of the journey 
will vary according to the line of steamers selected; by 
the Peninsular and Oriental line a return ticket can be 
had from London to Colombo for go/., 100/7., or r10/., 
according as the return journey is completed in three, six, 
or twelve months. The charges on the Messageries 
Maritimes are about the same. The Star, Clan, and 
British India lines make more moderate charges, but the 
pace is correspondingly slower. It is little use making 
a journey of more than 5000 miles for a brief visit; and 
it may be presumed that, except where the circumstances 
are extraordinary, students would find it convenient to 
stay in Ceylon for three or four months, or more, Little 
is to be gained by scamping an expedition such as 
this, in which it may often happen that a man may gain 
his first and last experience of tropical nature ; further, 
the surroundings are so new that it is some little time before 
one with even a good knowledge of our temperate flora 
can accommodate himself sufficiently to them to carry on 
successful work. We may then regard the cost of the 
journey as roo/., and the time required to make it a suc- 
cess about six months. The choice of season is an im- 
portant point: in a country of alternating wet and dry 
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periods it is well to experience both, and for the botanical 
collector it is important that collections should be finally 
made up in dry weather ; it would be found that leaving 
England in November, and landing at the beginning of 
December, the weather would still be wet and vegetation 
luxuriant, but preservation of dry species would be diffi- 
cult: a gradual change would be experienced, till in 
February and March the dry and hot season would have 
come in, vegetation would be more or less checked, and 
the preservation of dry specimens would be easy. Re- 
turning towards the end of March the English winter 
would be past, and, if he be a teacher, the traveller would 
be in time for the summer session in our Universities or 
medical schools. 

Once on the spot the first question is one of accommo- 
dation. At Peradeniya there are neither hotels nor 
lodgings; a house must be taken and temporarily fur- 
nished, and it is surprising how cheaply this can be done. 
I took a small bungalow, the rent of which was Rs. 40 
per month; friends lent me some articles of furniture, and an 
expenditure of Ks. 150 supplied all else that was required 
for temporary housekeeping. The cost of keeping house, 
including the wages of two native servants, rent, &c., with 
a margin for incidental expenses, may be set down at 
about Rs. 250 per month; allowing further some Rs. 200 
for travelling expenses, it will be found that Rs. 1,500 will 
represent the total necessary expenses of residence in the 
island for four months. But in its present depreciated 
state, the rupee is worth only about 1s. 6d.: it will there- 
fore be sufficient to lodge about 1157. at a bank in Ceylon 
to cover all necessary expenses for four months’ residence. 
T would not advise, however, that that exact sum only should 
be transferred ; it would be more prudent to allow a margin 
for possible contingencies. The total expenses of a six 
months’ trip to Peradeniya may thus be set down as 250/. 
But there are various ways in which strict economy might 
reduce the cost, while if two friends were to club together, 
their individual expenses for housekeeping would be con- 
siderably below the sum above stated for one. Thus it 
will be seen that neither in difficulty of transit nor in point 
of expense are there sufficient obstacles to prevent a visit 
to Peradeniya, or some similar station, finding a place in 
the programme of the career of an average botanist. One 
of the chief obstacles will be felt by many to be the loss of 
possible opportunities while absent, or the break in con- 
tinuity of teaching, or other work in which a man may be 
already engaged. I venture to think that these are much 
overrated objections ; and against them may be set the 
very great advantages which a tropical visit carries with 
it. A further question is, at what period in a man’s career 
will a visit of this sort best repay him? Some will say 
immediately after taking his degree: but I am inclined to 
think that even a first-class man is at that time hardly 
prepared to make the best of the opportunity should it 
offer. The experience gained by a few years of teaching 
and of original work at home will indicate what is to be 
expected and what is to be looked for, and will fit a man 
in many ways for striking out new lines for himself, even 
if it have not already defined for him a clear line of 
research, On the other hand, it is important that travel- 
ling should be undertaken before a man settles in life, so 
that his mind may be as free as possible from distractions 
and anxieties. 
We may now pass on to consider what are the specific 

advantages presented by Peradeniya as a station for 
botanical work. It is, as I have said, easily accessible ; 
being more than 1500 feet above the sea, the excessive 
heat of the low country is avoided, and it may be regarded 
as a decidedly healthy place. Secondly, it is situated in 
a central position, both as regards the whole island, and 
as regards the chief lines of communication by rail and 
road. Thus it is easy to gain access to the low country 
by train to Colombo, whence roads, traversed often by 
horse coaches, will lead along the coast, or inland in 

various directions ; or, taking the up-country line, Newara 
Eliya may be visited, which lies about 6000 feet above 
the sea, and would serve as a good centre for working the 
higher levels; or again, a journey northwards by train and 
coach to Anuradhapura would give an insight into the 
low-level vegetation of the drier northern districts. From 
the above notes it will be readily seen how varied is the 
character of the country within easy reach from Pera- 
deniya, presenting within a comparatively small area 
districts varying from the sea-level to 8000 feet, and in- 
cluding both damp and relatively dry areas at low levels. 
This in itself would lead one to expect a rich and varied 
flora ; and in fact the list of native plants now numbers 
some 3000 species, a very considerable proportion of 
which are peculiar to the island. These and other natural 
advantages are, however, eclipsed by the importance of the 
Royal Gardens themselves as providing a field for those 
hitherto unfamiliar with tropical nature. Here there are 
collected in a small area a great variety of species, both 
native and imported; truly no botanist who has resided at 
Peradeniya can any longer complain of want of scope ; 
if he does not find ample material for future work, he can 
only lay the blame on his own want of imagination. In 
the excellent herbarium and library, as well as in the fine 
series of coloured figures of native plants which are lodged 
in the Garden, he would find the greatest assistance in 
recognising and naming plants collected ; while lastly, in 
the presence of the Director, who is the best living authority 
on the flora of Ceylon, are found those social and scientific 
elements which go far to enhance the pleasure of a visit 
to Ceylon, 

In my former article mention was made of Java, where 
the Gardens of Buitenzorg, presided over by Dr. Treub, 
present great attractions for botanists. In my case, short. 
ness of the time at my disposal prevented a visit to this 
famous Garden, and probably the same difficulty will 
present itself to others. There is, however, one conspicu- 
ous advantage which it possesses over Peradeniya as a 
station for botanical research, viz. a well appointed labor- 
atory. If, as seems not improbable, a journey to the 
tropics and a period of steady work among tropical plants 
become a usual prelude to a career of active teaching in 
botany, ovght not the English to provide themselves with 
some suit ible station for such work? Is every man, 
whether well-to-do or impecunious, to depend upon his 
own resources alone for laboratory accommodation, re- 
agents, glass, and all other accessories necessary for his 
work? orare we to be content to send our botanists to suck 
what advantage they can from the hospitable Dutch, just 
as we send our forestry students to study with the French ? 
Surely it would be a most legitimate way of extending the 
usefulness of the Garden at Peradeniya, and, in a small 
way it is true, of guarding the credit of England as a 
tropical Power, to establish a laboratory for the use of 
travellers. It need not bea large or conspicuous building. 
Dr. Trimen tells me that suitable accommodation for the 
present could be found in the buildings already standing 
in the Gardens, and probably roo/. would cover the initial 
cost of supplying the bare necessaries of life in the labor- 
atory. The knowledge that such accommodation would 
be found at the other end would certainly encourage those 
who are doubtful to undertake a journey to Ceylon. 

It may be noted that no mention has been made of the 
Western tropics as a field for research ; there can be no 
doubt as to the richness of the field, but I am not aware 
that there are any stations in the West which can compare 
with Per radeniya or Buitenzorg in convenience, accessi- 
bility, and general adaptation to the requirements of those 
who contemplate only a comparatively short visit. 

Lastly, the cost of the journey will be found to be hie 
most frequent deterrent from undertaking it ; 250/. is 
large sum to spend upon six months’ work w hich can brit 
no direct financial return, however great may be the ulti- 
mate advantage gained from it ; ; travelling Fellowships are 
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few ; but still there are other sources from which grants 
may well be made to assist really promising students in 
attaining so desirable an end; and it is to be hoped that 
it may be regarded as a legitimate and not unfrequent 
outlet for public or private grants, to enable young men, 
who will ultimately engage in teaching, towards the 
attainment of experience which must always be of value 
to them in the exercise of their profession. 

F. O. BOWER 

NOTES 

THE following is the list of Fellows elected into the Royal 
Society on Friday last, June 4:—Shelford Bidwell, M.A., 
William Colenso, F.L.S., Harold B. Dixon, F.C.S., Major- 

Gen. Edward Robert Festing, R.E., Andrew Russell Forsyth, 

M.A., Prof. A. H. Green, M.A., Prof. Victor Horsley, 

F.R.C.S., Raphael Meldola, F.R.A.S., Philip H. Pye-Smith, 
M.D., Henry Chamberlaine Russell, B.A., Adam Sedgwick, 
M.A., Prof. W. Cawthorne Unwin, B.Sc., Robert Warington, 

F.C.S., Capt. William James Lloyd Wharton, R.N., Henry 

Wilde. 

ARRANGEMENTS are being made by the officers of several 
French Societies for holding an International Congress at 
Biarritz for discussing papers upon climatology, mineral and 
thermal springs, and allied subjects. A letter has been received 
from the Foreign Office transmitting copies of documents, and 
stating that the French Government is anxious that members of 

scientific Societies in this country should assist. The co-opera- 
tion of the Royal Meteorological Society has also been specially 

asked by the President of the Congress, Dr. Durand Fardel. 
The sittings at Biarritz will occupy the first week in October, 
and be followed by a three weeks’ tour to the principal watering- 
places of Southern France. Fellows of the Royal Meteorologi- 
cal Society will be allowed to travel over all French railways at 
half price. For further particulars apply to the Assistant Secre- 

tary of the Society. 

Tue Council of the Society of Arts have awarded the Society’s 
silver medals to the following 1eaders of papers during the 

Session, 1885-86:—To Prof. Francis Elgar, LL.D., for his 

paper on the load-lines of ships ; to Henry Davey, for his paper 
on machinery in mines; to Prof. W. C. Unwin, for his paper 
on the employment of autographic records in testing materials ; 

to C. V. Boys, for his paper on calculating machines ; to Prof. 
Leonard Waldo, D.Sc., for his paper on watch-making by 
machinery ; to John Mackenzie, for his paper on Bechnanaland 
and Austral Africa ; to Edward Combes, C.M.G., for his paper 

on the industries and commerce of New South Wales; to G. 

Gordon Hake, for his paper on Cyprus since the British occupa- 
tion; to Prof. W. N. Hartley, F.R.S., for his paper on photo- 
graphy and the spectroscope in their application to chemical 

analysis ; to Prof. R. Meldola, for his paper on the scientific 
development of the coal-tar colour industry; to B. H. Baden 
Powell, C.I.E., for his paper on Indian manufactures from a 
practical point of view ; to Capt. Richard Carnac Temple, for 
his paper on the every-day life of Indian women. Thanks were 
voted to the following members of the Council for the papers 

read by them :—To Capt. Douglas Galton, D.C.L., C.B., 
F.R.S., for his paper on results of experiments on mechanical 
motors for tramways made by the Commission at the Antwerp 
Exhibition ; to W. H. Preece, F.R.S., for his paper on domestic 

electric lighting. 

THE Society of Arts conversazione will be held, by permission 

of the Royal Commission, at the Colonial and Indian Exhibition, 
South Kensington, on Friday, July 16 next. 

Mr. TaLrourD ELy has resigned the Secretaryship of Uni- 
versity College, London. 
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THE Russian Geographical Society has awarded this year its 
great gold medal to M. Yurgens for his remarkable work as chief 
of the Arctic Meteorological Station at the mouth of the Lena. 

The Medal of Count Liitke has been awarded to Col, Pyevtsoff 

for his most valuable account, full of new and interesting infor- 

mation, of his journey in N.W. Mongolia and Northern China, 
published, with a map, in the fifth volume of the West Siberian 

Branch of the Society. Great gold medals have been awarded 
to M. Dmitrevsky for his annotated translation of Otano Kitoro’s 
work on Corea, and M. Tereshkevitch for his statistical descrip- 

tion of the Government of Poltava. Small gold medals were 

awarded, to Prof. Lenz for his work in the capacity of President 

of the Physical Geography Section of the Society ; to M. Fuss, 
for his calculations of the great levelling through Siberia ; to the 
Director of the Tiflis Observatory, M. Milberg, for his magnetical 

observations carried on in connection with those of the Polar 

stations ; and to M. Mainoff, for his work on the customary law 

of the Mordovians. Several silver medals were distributed to 

MM. Gedeonoff, Fedoroff, Krasnoff, and Ignatieff for astro- 

nomical, geological, and botanical works; to several persons 
who have sent observations on thunderstorms and rains, as also 

for various ethnographical and statistical researches. 

Tue Town Council of Banff, along with the Council of the 

Banffshire Field Club and Office-Bearers of the Banff Literary 
Society, have formed themselves into a General Committee (with 
power to add to their number) to promote the subscription of a 

fund for the erection of a memorial in Banff to the memory of 
the late Mr. Thomas Edward, A.L.S., ‘‘The Scottish Natu- 

ralist.” ‘The Committee feel sure it will be the desire of many 
throughout the whole nation to contribute to this fund, and to 
combine to make the memorial worthy of the universal admira- 

tion and respect entertained for Mr. Edward. In order to afford 

full opportunity for this, it is proposed to add to the Committee 
ladies and gentlemen throughout the various parts of the country 
who so appreciate Mr. Edward’s life and work as to be willing 

to interest themselves in providing some substantial and suitable 
perpetuation of his memory, Communications should be 
addressed to the Interim Secretary, Mr. John Allan, Town Clerk 

of Banff. 

Tue Prince of Wales, considering that the rates of admission 
to the Colonial and Indian Exhibition at South Kensington 
should be brought within the means of all classes residing in the 
Metropolitan area, is making arrangements with the Railway 

Companies and other bodies in a position to co-operate in the 
organisation of a scheme whereby every working man, woman, 

and child will have an opportunity of visiting the Exhibition at 
greatly reduced prices on every week-day except Wednesday 
from the middle of August until the close of the Exhibition, 

Arrangements for enabling the working classes of the provinces 

to visit the Exhibition have been for some time in operation, 
under his Royal Highness’s direction. 

Tue first of the conferences convened by the Geologists’ Asso- 
ciation on ‘* The Mineral Resources of the Colonies and India,’’ 

was held at the Colonial and Indian Exhibition on Saturday 
afternoon (June §), when a lecture was delivered by Prof. V. 

Ball, F.R.S., on ‘*The Mineral Resources of India and 

Burmah.” The discussion brought out the urgent need for 
reform of the mining laws of India, and the following resolution, 

proposed by the chairman (Sir R. Temple), seconded by the 
Duke of Manchester, and supported by the lecturer and others, 

was unanimously adopted:—‘‘This Conference having had 
under its review the mineral resources of India and the obstacles 
to development and exploitation of the same through the want 
of suitable or sufficient mining laws, respectfully urges upon the 
Secretary of State for India the desirability of regulating or 
revising the regulations for the working of mines in British India, 
including Burmah, and for the protection of mining interests 

A 
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therein, and also of negotiating arrangements to the same effect 
with the Native States.” The next conference will be held on 

Saturday, June 19, when Prof. T. Rupert Jones, F.R.S., will 
lecture on ‘*Th2 Mineral Resources of South Africa.” Sir 

Charles Mills will preside. 

THE late t news from Catania reports that the eruption of 

Mount Etna has almost entirely ceased. The lava-streams, 
stopping within 300 metres of Nicolosi, have become hard 

enough to walk on, but repeated shocks of earthquake of con- 
siderable violence continue throughout the region. A huge gulf 

has yawned at Acireale, but no disasters are reported. A 

correspondent of the Standard writing from Catania on May 

27 sends some valuable notes. ‘‘ The stream of lava i-suing from 
Monte Penitello (an eminence about 4980 feet hizh, and about 

7 kilometres distant from Nicolosi) has travelled a longitudinal 

course of about 6 kilometres, and has formed four basins, the 

last of which is behind Monte Nocella. The width of the stream 
is about 24} kilometres. The stream flows directly southward 
from the north-east. The western branch, which flows towards 

Dogola Arcino, has done but little damage, traversing in its 

course mostly gravelly soil. Prof. d’Amico, who is studying the 
phases of the eruption from the Observatory of Pennesi, in 

Acireale, has contributed to the archives of Catania a complete 

record of all the volcanic disturbances which he has noted up to 

date. The maximum number of 92 telluric convulsions was 

registered on the 19th inst. On the following day there were 

only 20, but subsequently the number rose from 25 to 30, 27, 
35, and finally to 52, on Tuesday the 25th.” 

SEVERAL shocks of earthquake were felt at Smyrna, in the 
Island of Chios, and in the Erythrian Pe insula on the night of 
June 5. 

PrRoF. MILNE recently made an attempt to sound the 

depth of the crater of Asamayama, the active volcano about 

seventy miles to the north-west of Tokio, and in the historic 
period one of the most destructive of all Japanese volcanoes. 
The attempt however failed owing to unfavourable weather. 
No details of the experiment or of the precise manner in which 
it was to be carried out have been received as yet. 

WE have already referred to the threatened abolition, of 
alteration, of the Imperial College of Engineering in Tokio, in 

consequence of administrative changes which have resulted in 
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the abolition of the Department of Public Works, under which | 

the College was placed. As the names of several men well 
known in the English scientific world have been associated with 

this institution, we are glad to be able to say that the change 

has not been so great as was at first apprehended. Mr. Mori, 

the new Minister of Education, long the representative of Japan 

in this country, has established a new University, to which the 
Engineering College has become affiliated, as well as the former 

Medical College. Except in two important details, the organisa- 
tion remains the same. The College now comes under the 
exclusive control of Japanese, in other words, the post of Prin- 
cipal, hitherto held by Dr. Divers and his predecessor, is no 
longer to be occupied by a foreigner, and the whole University is 

to be governed by its professors, aid not by ordinary officials. 
The idea, says the Yafun Afai?, is ‘to emancipate learning and 
its professors from the too often ignorant and always hampering 
control of the ordinary official.” Everything novy is subject to 
the professorial body, Japan is not to lose the services of any 
of the foreign professors of the College. Dr, Divers continues 

as Professor of Chemistry, but in the Science instead of the 

Engineering College. Prof. Milne continues in the Chair of 
Mining Engineering, and there is a proba jility that he will also 

be invited to occupy a Chair of Seismolozy which it is proposed 
to found. It thus appear. that the change is not one which 
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interferes with the work of the College-; if anything its status as 

an educational institution is increased, because it now forms an 

integral portion of the highest teaching establishment in the 
country. It is not clear from the account from which we quote 
whether the College will remain in the fine buildings which were 

specially erected for it, or whether it will be removed to the 
University, which is some distance away. 

IN connection with this change, the professors and students of 

the College, meeting for the last time as members of the 

Engineering College, presented the Principal, Dr. Divers, with 
a handsome bronze vase, inlaid with gold. Prof. Milne, as the 

senior, in handing the present to Dr. Divers on behalf of the 
subscribers, made a short speech referring to the services of the 
Principal to Japan, his pupils, and colleagues ; and with this 
ceremony an institution in which English science has, or should 

have, a peculiar interest, came to an end, but only to rise again 

in another shape, let us hope for increased usefulness to Japan. 

Tue Chair of Seismology which has been founded in the 
Science College of the new University of Japan has been filled | 
by the appointment of Mr. K. Sekiya as professor. 

AT Cambridge to-day (Thursday) a vote of the Senate is to be 
taken in favour of appointing a syndicate to obtain plans and 

estimates for the erection of a Geological Museum, to confer 
with the Sedgwick Memorial Committee, and to report before 
the middle of the Michaelmas term. Thus it appears likely 

that at last the Sedgwick Museum will become an actual fact, 

after twelve years of incubation. 

THE current number of the Proceedings of the Bath Natural 

History and Antiquarian Field Club contains several papers of 

scientific interest. Mr. Broome continues his list of fungi found 

in the neighbourhood of Bath. Mr, Blomefield, writing on the 
firs of Bournemouth, argues that these trees are true natives of 

that part of the country, in opposition to the theory that the 

Scotch fir, though indigenous in Scotland, is not indigenous in 
England. Dr. Norman describ2s the fresh-water alge of the 

Bath thermal waters ; and Mr. McMurtrie the salt-springs found 
at great depths in the Coal-measures at Radstock. 

Funai! also occupy a considerable space in the Proceedings of 

the Belfast Naturalists’ Field Club, as in those of the Bath 

Society, for Mr. Lett gives a list of the funzi of the North of 
Ireland which fills more than 50 pages. Dr. Malcolmson 

describes some recent Os/vazoda of Belfast Lough, and appends 

an elaborate table of their distribution. Mr. Joseph Wright adds 

two lists—one of the Foraminifera of Down and Antrim, the 

other of the Cretaceous Foraminifera of Keady Hillin the county 
of Derry. The record of the meetings is very full, and contains 
much informati.n on various scientific subjects connected with 

the North of Ireland. 

ARRANGEMENTS have been made by the Colonial and Indian 
Aquarium authorities to bring over a consignment of some of 
the principal species of fish in the waters of Java for purposes 

of exhibition. The British India Steamship Company have 
j undertaken to transmit them in specially made glass carriers, 
which have been forwarded to Java for that purpose. Fourteen 
specimens of the Chelone midas, or green turtle, have lately 

arrived at the Aquarium from West India ; also a collection of 
land crabs from the same quarter. 

THROUGH the instrumentality of the National Fish-Culture 
Association the River Lea was last week enriched with a quan- 

tity of salmon fry, which were turned into those /oca/es most 

suitable to their requirements.. Although the Lea is in a very 
polluted condition, there are portions free from contamination 
where fish thrive well. The Severn Fishery Board have turned 

into their river a large number of salmon fry. The ova from 
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| which they were hatched out were collected in the first instance 
_ by the Board and forwarded to the National Fish-Culture Asso- 

tion to incubate, which was done most successfully. The Severn 
Fishery Board are to be commended upon the action they have 
taken to replenish their river with fish, as they set an example 

to other bodies having the interests of their waters at heart. 

The hatchery at South Kensington and Delaford belonging to 
the Association might become an extensive medium in carrying 

such an object into effect at a minimum cost. 

THE additions to the Zoological Society’s Gardens during the 
past week include a Nisnas Monkey (Cercopithecus pyrrhonotus) 
from Nubia, presented by the Rey. W. MacGregor ; a Macaque 

Monkey (MZacacus cynomolgus) from India, presented by Mr. J. 

Coston ; a Common Badger (Aé/es taxus), British, presented by 

Mr. C. A. Ross ; six Black-footed Penguins (Spheniscus demer:us) 
from South Africa, presented by Capt. John Hewat; four 
Siamese Blue Pies (Urocissa magnirostris) from Siam, two Small 

Hill-Mynahs (Gracszla religiosa) from Southern India, a Rufous 

necked Weaver Bird (Hyphantornis textor) from South Africa, 
presented by Mr. J. M. Cook, F.Z.S. ; a Golden Eagle (4gurla 

chrysaetos) from Russia, presented by Mr. Walter Holdsworth ; 

six Long-eared Owls (Asio ofus), British, presented by Mr. G. 
B. Burnand; a Malbrouck Monkey (Cercopithecus cynosurus) 
from West Africa, three Ruffs (Machztes pugnax), Britirh, 

deposited ; a Glaucous Macaw (Ara glauca) from Paraguay, four 

Crested Pigeons (Ocyphaps lophotes) from Australia, four Am- 

herst’s Pheasants ( Zhaumalea amherstia) from China, two Great 

American Egrets (Ardea egrettz) from South America, two Lap- 

wings (Varellis vulgaris), British, four Indian Tree Ducks 
(Dendrocygna arcuata) from India, purchased ; a Japanese Deer 

(Cervus :tka), born in the Gardens. 

OUR ASTRONOMICAL COLUMN 

Comet Brooks II.—The following ephemeris for this comet 
is by Prof. C. Frisby (Science Observer Special Circular, 
No. 67) :— 

For Greenwich Midnight 
1886 RA, Decl. Log ~ Log A Bright- 

Ine Ses (5 0 Z ness 
Junert 6 23 20 69 1570 N. 0'0380 01783 0:26 

15 65855 66 541 00557. O°2015 0°21 
19 727 41 64 283 0°0734 02275 0°17 
23 739 51 62 58°90 00909 «6002486 o'lg. 
27 75957 6049°5N. o108r 0'2704 ov12 

The brightness on May 2 is taken as unity. 

Comer Brooks III.—Dr. S. Oppenheim has calculated the 
following elements and ephemeris for this comet from observa- 
tions made on May 25, 28, and 30, at Arcetri, Kome, and 
Vienna :— 

T = 1886 June 290285 Berlin M.T. 
°o ‘ “a 

BS Sf Goo) 
2 = 47 14 43°57 Mean Eq. 1886'0. 
z= 16 8 52°3) 

log g = 0°170230 

Ephemerits for Berlin Midnight 
1885 R.A. Decl. Logr Log 4 __ Bright- 

Wy ins Sp o ij ness 
Jone 8 12 18 3 I 18S 01709 99183 0°87 

HA) ieee) a 3 32°38 O'172I 869°9274 «6-083 
16 12 34 25 6 16 01739 9°9375 0°79 
20 124315 8 27-4 0°1763 9°9486 0°75 
24 125227 10 4972 0°1793 9°9605 0°70 
28 33 159 13 64S. 071828 9:9732 0f65 

The brightness on May 25 is taken as unity. 
The comet is faint, and not bright as stated in the telegram 

announcing the discovery. 

SPECTROSCOPIC DETERMINATION OF THE MOTION OF THE 
SOLAR SysTEM IN SpAce.—Dr. R. yon Kévesligethy men- 
tions (Astronomische Nachrichten, No. 2731) that some three 

_ years ago he tried to deduce the speed with which the 

sun is travelling in space and the point to which its pro- 
gress is directed, from the observations of the :displacements 
of lines in stellar spectra published in the Monthly Notices. 
The latter inquiry he gave up, as the datasupplied did not seem 
sufficiently trustworthy for a satisfactory result to be obtained 
from them. He therefore assumed the apex as found from the 
discussion of the proper motions of stars, viz. R.A. = 216° 0, 
Decl. = 35°1 N. Taking the simple arithmetical mean of the 
observations of the individual stars observed—about 70 in 
number—he found the speed of translation of the solar system 
to be about 8°6 geographical miles per second. This rate of 
motion would agree far better with Struve’s value, derived from 
the consideration of the proper motions of stars, than Herr 
Homann’s (NATURE, vol. xxxiii. p. 450) result does. Dr. 
Kovesligethy does not, however, place much reliance on the 
result he has thus obtained. 

PUBLICATION OF THE ZONE-OBSERVATIONS OF THE ‘‘ As- 
TRONOMISCHE GESELLSCHAFT,”—M. Doubiago, who has suc- 
ceeded the late Marian Kowalski as Director of the Kasan 
Observatory, has recently issued a volume containing the obser- 
vations made at Kasan during the years 1869-77, of the stars 
situated in the zone between 75° and 80° of north declination. 
The principal object of this work, undertaken by M. Kowalski 
by arrangement with the Astronomische Gesellschaft, was the 
determination of the positions of the stars contained in this zone 
down to the ninth magnitude. M. Kowalski, however, de- 
termined to include in his work all the stars of the Bower 
Durchmusterung situated in the above-mentioned zone, about 
5000 in number, as well as a considerable number of fainter 
stars. The observations, commenced in 1869, were finished in 
1879, and the present volume contains 14,329 observations, that 
is, about half the total number necessary to complete the pro- 
jected scheme of having four observations of each star. The 
results are given in the usual form in which zone-observations 
are published, viz. the apparent positions for each day of obser- 
vation are given, together with the reduction to the mean place 
for the beginning of the year. As far as we remember, Kasan 
has the honour of being the second of the observato ies engaged 
on the zone work of the Astronomische Gesellschaft which has 
published their observations, Prof. Kriiger having already 
published his Helsingfors zones (55° to 65° of north declination) 
in two volumes, the first volume having appeared in 1883, and 
the second in 1885. 

THe Mapras OBsERVATORY.—Mr. Pogson’s report for the 
year 1884 has recently been issued. He points out that during 
the yeara work on ‘‘ Telegraphic Longitude Determinations in 
India” was printed and published. ‘The number of observa- 
tions made with the meridian circle during the year was $44, 
which brings up the total number of observations made with this 
instrument since 1862, now awaiting publication, to 51,722. 
The separate results and annual catalogues will fill eight volumes, 
to be followed by a final catalogue of about 5000 stars, reduced 
to the epoch 1875. All the reductions are completed up to date, 
and Mr. Pogson hopes that these volumes will appear in fairly 
rapid succession. We hope so too. The speedy publication of 
a catalogue of 5000 stars would do much towards restoring the 
Madras Observatory to the position, as a scientific institution, 
which it formerly held. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 ¥UNE 13-19 

(FR o8 the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Greenwich on Fune 13 

Sun rises, 3h. 45m. ; souths, 1th. 59m. 45°2s. ; sets, 20h. 15m. 5 
decl. on meridian, 23° 14’ N.: Sidereal Time at Sunset, 
13h. 43m. 

Moon (Full on June 16) rises, 16h. 50m. ; souths, 21h. 51m. ; 
sets, 2h. 44m.* ; decl. on meridian, 13° 26’ S. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h. m, ig. we 

Mercury Si Sieue- eZ ee RCO NST 24 26N. 
Venus ... 2p 10 Gee OME DI 2 On20) 12 52N. 
Mars Peelers US at A) Oi Gare ZR UNI, 
Jupiter... 15 W822 yueee YOLZO. 1 2) S2EN 
Saturn... Si 2" eae GEES DU PLA seed AANA 

* Indicates that the setting is that of the following morning. 
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Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 
angles from ver- 

June Star Mag. Disap. Reap. exiomeneior 

inverted image 
h. m. h. m. a Ay 

18 ... B.A.C. 6536 64 25 Olea ee 85 334 
TO)... B.A.C.. 7145 6%)... 20 AO) ...822)05 113 186 

Variable Stars 

Star R.A. Decl. 
h m Oe h. m. 

U Cephei © 52:2)... 81 16)N.<... June 145) 1550772 
ap CR 4 SS 

RePersel) «sc cae 3 2228). 835007) Neer M 
S'Gancri «2. 8! 3774 «2 10) DPN ee een eemeaaa72 
W) Virginis <.. 9.0. 13) 202)... 2747S aesowns | eR eo)? 
5 Libre Se eeone fey: eerie Wished. AA) lish, @ RA a 

9» 19, 23 58 m 
Ui Corons! 6s. 2:6, D5N13°6)-.. 32) 4) Nev. ae eget On2 
U Ophiuchis.. - ... 171078) 2s. Wri 20 No cya Oe a 772 

” 16, 21 55 m 

XM (Sapittaritl.) (20 17 AO) ...'27) 47 Se Wiis LO NERemZOne 
W Sagittarii a WV Reteeeemsomshowa, op ich © Gig 
U)Sagittarit;  .  1892552).55119 T2iSt t..iensy eLO meme ater 
Bileyrees es eee eee TOL 4529) nc. SSL4UINe, ace) is, LOMO. 
SiMulpeculee =. (OVA S57) .0- 27 ONN: cecueesmmge M 
my Aquila’ 5. 22. 10) 46°7... O743.Ni- yO nmezECOR. 
R Lacerte ... 22:38 2.4 47 Noe Os M 

M signifies maximum ; 7 minimum. 

BIOLOGICAL NOTES 

DEVELOPMENT OF OPHIOPHOLIS AND ECHINARACHNIUS.— 
In the last series of studies from the Newport Marine Zoological 
Laboratory we find a memoir by Mr. Walter Fewkes, on the 
development of an Ophiuroid (Op/zopholis aculeata, Gray) and 
of an Elypeastroid (Zchinarachnius parma, Gray). But few 
observations have been published on the metamorphosis of 
Ophiopholis, and these often misleading. The eggs would appear 
to be extruded separately into the water, and the young pass 
through a metamorphosis in which a pluteus-larva is formed ; 
the development of this pluteus is different from that of any 
described Ophiuran, though allied to that in Ophiothrix. The 
ova were voluntarily shed by the female on August 17; they 
were fertilised outside the body, and appeared to be very hardy. 
The yolk has a central and a peripheral region, which are dis- 
tinguishable in the eight-cell and previous stages of segmentation. 
The cleayage is like that of other Echinoderms. A gastrula is 
formed by the invagination of the blastoderm, and consequently 
the stomach of the pluteus is an infolded wall of the blastoderm, 
and not formed by delamination from the cells in the cavity. 
The mesoderm-cells originate in two lateral clusters. The 
oldest pluteus observed was a little more than three days old ; 
they, however, appeared to be easily raised, and it is to be 
hoped that they will be yet traced to an adult form. In 
Echinarachnius the sexes are distinct, and in some cases there were 
colour-distinctions. In the experiments on the ovum of Z. parma, 
artificial fertilisation was resorted to from the middle of July to 
the end of August; it was easily effected. In its mode of seg- 
mentation it resembles that of other Echinoderms. It has no 
polar globules, but possibly these may be formed while the egg 
is in the ovary. Asin some other Echinoderms, a gastrula is 
formed by invagination, The pluteus figured by A. Agassiz in 
the revision of the Echini as probably that of Echinarachnius 
proves to belong to this species at about a week old. The de- 
velopment of the young Echinarachnius on the water-tube of the 
pluteus resembles that of other sea-urchins, The rosette-form 
of the water-tubes described in other Echinoderms also occurs. 
The first-formed calcareous deposits of the test are trifid in form, 
and vary in number in different specimens. The extremity of 
each trifid division bifurcates later in its growth, and the cal- 
careous body thus formed appears to be inclosed in a transparent 
wall, which has a spherical outline. Spines are very early 
formed, and are proportionately very large as compared with 
those of the adult. The various stages are illustrated in nume- 
rous figures on eight, in several cases folding, plates.—Au/?. 
Les. Comp. Anat. Harvard College, vol. xii, No. 4, March 
1886, 

THE LEECHES OF JAPAN.—In the April number of the 
Quarterly ~ournal of Microscopical Science, Dr. C. O. Whitman 

publishes the first hundred pages of a memoir on the leeches of 
Japan. The material for the study was collected while the 
author was connected with the University of Tokio (1879-81). 
The coloured drawings accompanying the memoir were executed 
by Mr. Nomura, a young Japanese artist, and they well deserve 
the remarks of ‘he author: ‘‘Mr. Nomura’s attention to the 
minutest detaius, his infinite patience, trained eye, and his 
remarkably skilful brush, have given results that are marvels for 
neatness and accuracy.” The first part of this study treats of 
the land leech (Hemadipsa japonica), the medicinal leech 
(Hirudo medicinalis), and of three species of toothless leeches, 
which form a new genus, Leptostoma. It also contains a com- 
parison of a few species from Europe, Asia, and America, and 
a considerable portion is devoted to a comparative study of the’ 
different genera, in the endeavour to find a satisfactory basis of 
classification. This has in a great measure been found in a law 
of abbreviation of the somites, which, in addition, gives a key 
to the phylogeny of the genera. The land leech is shown to 
be a highly instructive and specialised form. The genus Hirudo 
has been re diagnosed (p. 364), and while internal structure has 
been dealt with to only a very limited extent, still some interesting 
facts in connection with the nephridial organs of the land leech 
are detailed, and the existence of from twelve to fourteen sense- 
organs on the first ring of each complete somite is demonstrated, 
and they are homologued with the eyes, having possibly also _ 
other sense-functions. The author reserves the genus Hema- 
dipsa for the land leeches of Ceylon, India, and Japan, with 
three jaws and five inter-genitalia rings. He ascribes the genus 
to Tennant, but may it not have been formed by Baird? #. 
japonica is confined to the mountain slopes and ravines, never 
descending into the plains. It is not only a mountain leech, 
but it keeps habitually to the ground, living in moss, or under 
damp leaves andrubbish. They are most voracious, and on the 
approach of man or beast are at once on the alert. They ad- 
vance by rapid strides. They bite so gently as scarcely to 
attract attention, but the wound is deep, and the scar is more or 
less permanent. They gorge on for about 30 to 40 minutes, and 
then drop ; while sucking they become bedewed with a transparent 
liquid, which keeps them moist. Ifplaced in water, they do not 
swim but sink, and then creep out ; and while havinga decided pre- 
ference for a terrestrial life, can support life for days in water. If 
into a jar of hungry leeches a puff of breath is blown, they be- 
come immensely excited, and it will be difficult to keep them in ; 
while trying to keep back one, a dozen others will rush out. In 
a most interesting series of paragraphs Dr. Whitman traces the 
intimate relation that exists between these land and the medicinal 
leeches, the latter essentially fresh-water forms. The geo- 
graphical area of land-leeches Is mainly within the tropics, 
though in Japan they are exposed to a wide range of tempera- 
ture. //. nipponia is described as a new Japanese medicinal 
leech, well known to the Japanese, and with habits and mode 
of life just like our European leech. Leptostoma, a new genus, 
is established (p. 376) on three species of almost edentulous 
leeches, which, though having a common ancestry with Hirudo, 
were not derived from ‘it. All three species, Z. acranu- 
latum, L. edentulum, and L. pigrum, are from Tokio, and are 
fully diagnosed and beautifully figured. The segmental organs 
are shown to be sense-organs, and that from them the eyes 
have developed, so that they may be regarded as incipient eye 
spots. 

, 
NEw ELEMENT OF THE BLOOD AND ITS RELATION TO 

CoAGULATION.—In an important paper by Mr. Geo, T. Kemp 
on this subject, he comes to the conclusion that in addition to 
the red corpuscles and leucocytes the blood normally contains a 
third histological element—the ‘‘plaques.” These have been 
variously considered as young red corpuscles ; as nuclei floating 
in the blood ; as being derived from the red or the white cor- 
puscles ; as being fibrin ; and as being globular depositions pro- 
duced by cooling of the blood ; but the author proves that, 
although strong resemblances exist between the plaques and 
other histological elements of the blood, there is not yet sufficient 
evidence to establish a gerefic connection. The plaques should 
therefore, at least for the present, be regarded as independent 
elements. When the blood is drawn, the plaques break down 
almost immediately, and this is not true of any other element of 
the blood. This breaking down of the plaques seems intimately 
connected, in its time relations at least, with the clotting of the 
blood. If a good-sized drop of blood from a finger be let fail 
on a cover-glass, and as quickly as possible washed by a good 

! jet of °75 per cent. NaCl solution, and then examined under the 
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microscope, the plaques, which have a property of sticking to 
the glass slip, will be found to fill the field ; some will be iso- 
lated, some will be in groups; they will now appear glistening 
and granular, and their contours are jagged, becoming more and 
more so as time elapses; finally only a granular mass will be 
found. If, however, a drop of osmic acid be placed on the 
finger before the drop of blood be drawn, all the elements will 
be found presenting their normal appearances, and the plaques 
will be seen as pale homogeneous structures varying greatly in 
size, but for the most part about one-third or one-fourth of 
the diameter of the red corpuscles ; they are biconcave, but not 
as much so as the red corpuscles. Once thus hardened they never 
change their form, but the plaques first referred to will be 
found to alter their form very speedily, and fa7z fassw with these 
changes, processes are seen which run out from the granular 
masses, and when coagulation sets in these processes are nearly 
always found to be continuous with threads of fibrin. The con- 
nection between the breaking down of the blood is not histo- 
logical but chemical. The plaques appear to give up a soluble 
substance which is active in coagulation. This active agent is 
most probably a /id7iz ferment. Fibrin is deposited histologi- 
cally independent of any of the cellular elements of the blood, 
and when the clot is very scant. The fibrin is seen deposited 
as long, needle-shaped, crystal-like bodies. — Studies from 
pee: Lab., Fokns Hopkins Univ., vol. iii, No. 6, May 
1886. 

ON RECENT PROGRESS IN THE COAL-TAR 
INDUSTRY? 

II. 

A Z0-COLOURS.—Amongst the most important of the arti- 
ficial colouring matters may be classed the so-called azo- 

colours. These colours are chiefly bright scarlets, oranges, reds, and 
yellows, with a few blues and violets. They owe their existence 
io the discovery by Griess, in 1860, of the fact that the so-called 
azo-group — N = N — can replace hydrogen in phenols and 
amido-compounds. But it is to Dr’ O. N. Witt that is due the 
honour of having given the first start in a practical direction to 
the chrysoidine class of azo-colours by the discovery of chrysoid- 
ine, and perhaps still more so by the suggestions contained in a 
paper read before the Chemical Society. Dr. Caro, of Mann- 
heim, was also acquainted with several compounds which belong 
to this class at the time Witt published his results, but it does 
not appear that he made practical use of them until Witt intro- 
duced the chrysoidines and tropeolines. To Roussin, of the firm 
of Poirrier of Paris, is due the credit of haying first brought into 
the market some of the beautiful azo-derivatives of naphthol. 
Gniess, therefore, as the original discoverer of the typical com- 
pounds and reactions by which the azo-colours are obtained, 
may be considered as the grandfather, whilst Roussin and Witt 
are really the fathers, of the azo-colour industry. Nor must it 
be forgotten that it is to Perkin we owe the recognition of the 
value of the sulpho group in relation to azo-colours, a discovery 
patented in 1863. Moreover it is interesting to note that 
changes in colour from yellow to red and claret are effected by 
the increase in the molecular weights of the radicals introduced 
as well as by the relative positions occupied by these groups. 

Lndophenol.—Witt is also the discover of a new blue dye-stuff 
termed indophenol, which has been used as a substitute for 
indigo. Certain difficulties, however, have arisen in the adoption 
of this colour on the large scale. The most important use indo- 
phenol is at present put to is for producing dark blues on reds 
dyed with azo-colours, both on wool and cotton. The piece 
goods are dyed a-uniform red first, and then printed with indo- 
phenol white ; for like indigo itself indophenol yields a colourless 
body on reduction, and this being a very powerful reducing agent 
destroys the azo-colour, being itself transformed into indophenol 
blue. The process works with surprising nicety and is very 
cheap. The blue is formed and the red discharged with such 
precision that patterns can be produced in which the blue dis- 
sharge covers a great deal more space than the original red. 
This new printing process was devised by Mr. H. Koechlin, of 
Lorrach. ‘The reds used for the purpose are in the case of wool 
‘he usual azo-scarlets, for cotton Congo red. 

Artificial Indigo.— About five years ago the speaker had the 

.1 A Discourse by Prof. Sir Henry E. Roscoe, M P., LL.D., F.R.S. 
— at the Royal Iustitution, Friday, April 16. 1886, Continued from 

14. 

honour of bringing before this audience! the remarkable dis- 
covery made by Baeyer of the artificial production from coal-tar 
products of indigo blue. Since that time but little progress has 
been made in this manufacture, as the cost of the process, unlike 
the case of alizarin, has as yet proved too serious to enable the 
artificial to compete successfully in the market with the natural 
indigo. 

Through the kindness of a number of eminent colour manu- 
facturers in this country and on the Continent, the speaker was 
enabled to illustrate his subject by a most complete series of 
specimens both of the colours themselves and of their application 
to the dyeing and printing of fabrics of all kinds. His thanks 
are especially due to his friend, Mr. Ivan Levinstein, of Man- 
chester, for the interesting series of samples of cloth dyed with 
known quantities of fifty different coal-tar colours, each having 
a different chemical composition ; also to the same gentleman, 
and to Messrs. Burt, Boulton, and Haywood, of London, for the 
interesting and unique series of specimens indicating the absolute 
quantities of products obtainable from ove tox of coal, as well as 
for much assistance on the part of Mr. Levinstein in the prepara- 
tion of the experimental illustrations for this discourse. To Dr. 
Martius of Berlin for a valuable series of colours, especially the 
well-known Congo red, made by his firm, including samples of 
wool dyed therewith, he is also much indebted. For the inter- 
esting details concerning indophenol and its applications the 
speaker owes his thanks to Dr. Witt and M. Koechlin. 

Coal-tar Antipyretic Medicines.—Next in importance to the 
colour industry comes the still more novel discovery of the 
synthetical production of antipyretic medicines. 

Up to this time quinine has held undisputed sway as a febri- 
fuge and antiperiodic, but the artificial production of this 
substance has as yet eluded the grasp of the chemist. Three 
coal-tar products have, however, been recently prepared which 
have been found to possess strong febrifuge qualities, which if 
still in some respects inferior to the natural alkaloids, yet possess 
most valuable qualities, and are now manufaciured in Germany 
at Hochst and at Ludwigshafen in large quantity. And here it 
is well to call to mind that the first tar colouring-matter dis- 
covered by Perkin (mauve) was obtained in 1856 during the 
prosecution of a research which had for its object the artificial 
production of quinine. 

In considering the historical development of this portion of 
his subject, the speaker added that it is interesting to remember 
that the initiative in the production of artificial febrifuges was 
given by Prof. Dewar’s discovery in 1881 that quinoline, the 
basis of these antipyretic medicines, is an aromatic compound, 
as from it he obtained aniline. Moreover that Dewar and 
McKendrick were the first to observe that certain pyridine salts 
act as febrifuges. So that these gentlemen may be said to be the 
fathers of the antipyretic medicines, as Witt and Roussin are of 
the azo-colour industry. 

Katrine, the first of these, was discovered by Prof. O. Fischer, 
of Munich, in the year 1881, whilst engaged on his investigations 
of the oxyquinolines. The febrifuge properties of this substance 
were first noticed by Prof, Filehne, of Erlangen. Kairine is 
manufactured from quinoline, a basic product derived from ani- 
line by heating it with glycerin and nitrobenzene by the following 
process. When treated with sulphuric acid, SO,Hs, it forms 
quinoline sulphonic acid, and this when fused with caustic soda 
yields oxyywinoline, which is then reduced by tin and hydro- 
chloric acid into tetrahydroxyquinoline, and this again on 
treatment with C,H,Br yields ethyl-tetraoxyquinoline or kairine. 
The lowering of the temperature of the body by this compound 
is most remarkable, though, unfortunately, the action is of much 
shorter duration than that effected by quinine itself ; but on the 
other hand, with the exception of its burning taste, it exerts no 
evil effects such as are often observed after administration of large 
doses of quinine. The commercial article is the hydrochloride, 
the price is 85s. per Ib., and the quantity manufactured has lately 
diminished owing to the discovery of the second artificial febri- 
fuge, antipyrine. 

The following graphical formula shows the constitution of 
kairine :— 

/ CH,CH, 
BEE: 

Ey Cl 

t On Indigo and its Artificial Production,’ Proc. Roy. Zust., May 27, 
1881. 
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Antipyrine, the second of these febrifuges, was discovered in | 
1883 by Dr. L. Knorr in Erlangen, and its physiological proper- 
ties were investigated by Prof. Filehne, of Erlangen, ‘The 
materials used in the manufacture of antipyrine are aniline and 
aceto-acetic ether. The aniline is first converted into phenyl- 
hydrazine, a body discovered by Emil Fischerin 1876. This body 
combines directly with aceto-acetic ether, with separation of 
water and alcohol, to form a body called pyrazol (C,)H4)N.0). 
The methyl derivative of pyrazol derived by treating it with 
iodide of methyl, is anéipyrine, its composition being Cy, H,)N.,0. 
As a febrifuge, antipyrine is superior in many respects to kairine 
and even to quinine itself. It equals kairine in the certainty of 
its action, whilst in its duration it resembles quinine. It is almost 
tasteless and odourless, is easily soluble in cold water, and takes 
the form of a white crystalline powder. Its use as a medicine is 
accompanied by no drawbacks. It occurs in commerce in the 
free state, The production of antipyrine, in spite of these valu- 
able qualities, is as yet small, its chief employment being in 
Germany, where it has been successfully used in Cases of typhoid 
epidemic. The price is 6s. per pound, 

The following equations explain the formation and constitution 
of this interesting body. The foregoing febrifuges are manufac- 
tured at Hochst under the superintendence of Dr. Pauli, to whose | 
kindness the speaker is indebted for an interesting series of speci- | 
mens illustrative of the manufacture of antipyrine. 

CH;.CO.CH,.CO.C.H, + CsH,;.NH.NH, 
Aceto-acet.c ether Phenylhydrazine 

= H,0 + C,H,;.OH + C),H,,N,O 
Pyrazol 

CyoH,)N,O0 + ICH, = IEH.C,,)Hy(CHy)N,O. 
Antipyrine-hydriodide 

Dr. Knorr formulates pyrazol thus : 

N—NH - 
PE NTs 
C,H, C—CH, 

| 
CO—CH, 

And antipyrine is 

N—N—CH, 
LNT 

Chay OSCE 
| 

CO—CH, 
The antipyretic effect of this compound is strikingly shown in | 

the following temperature readings in a case of typhoid kindly 
communicated to the speaker by his friend Dr, Dreschfeld of 
Manche ter. Tach of the second set of readings was made two | 
hours after a dose of 30 grains of antipyrine had been | 
administered. 

Ts Il. Diff. 

1050 1030 2'0 
103°5 100°2 3'2 
1038 100'8 3:0 
105°2 1Or'4 38 
104°4. 100°6 cj 

Thalline.—The third of the artificial febrifuges is ¢Aadine, 
which is offered as the tartrate and sulphate. It is manufactured 
by the Badische Company, Thalline is said to be used as an 
antidote for yellow fever. Tts scientific name is tetrahydropara- 
quinanisol, and it was first prepared by Skraup by the action of 
methyl iodide and potash on paroxyquinoline. 

We must, however, bear in mind that none of these synthetical 
febrifuges are antiperiodics, and therefore cannot be employed 
instead of the natural alkaloid quinine in cases of ague or inter- 
mittent fevers, 

Coal-tar Aromatic Perfumes. —A third group of no less interest 
comprises the artificial aromatic essences, and of these may here 
be mentioned, in the first place, cumarin, CyH,4Og, the crystalline 
solid found in the sweet woodruff, in Tonka bean, and in certain 
sweet-scented grasses. This is now artificially prepared by acting 
upon sodium salicyl aldehyde with acetic anhydride by the reaction 
which is associated with the name of Dr, Perkin, and is used in 
ee manufacture of the perfume known as ‘extract of new-mown 
hay. 
A second interesting case of a production of a naturally occur- 
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ring flavour is the artificial production of vani/Zin, the crystalline 
principle of vanilla, Vanilla is the stalk of the Vanilla plani- | 
Jolia, which incloses in its tissues prisms of crystalline vanillin, — 
to which substance it owes its fragrance. Tiemann and Harr-— 
mann showed that vanillin is the aldehyde of methyl protocate- 
chuic acid— | 

C,H,(OH) (OCH,) CHO, [CHO : OCH, : OH =1:3:4]. 

The chief seats of the vanilla productions are on the slopes off | 
the Cordilleras north-west of Vera Cruz in Mexico, also the island — 
of Réunion, and in the Mauritius. Since the discoyery of the | 
artificial production of vanillin, the growth of the yanilla ha 
been very much restricted. 

A variety of vanilla, termed vanillon, obtained in the Eas 
Indies, has long been used in perfumery for preparing “ essene 
of heliotrope.” This contains vanillin together with an oil, — 
which is probably oil of bitter almonds. The essence of whit 
heliotrope is now entirely prepared by synthetical operations. It 
is manufactured by adding a small quantity of artificial oil of © 
bitter almonds to a solution of artificial vanillin ; when these 
substances are allowed to remain for some time in contact, th 
mixture assumes an odour closely resembling that of natura 
heliotrope. “ Through the kindness of Mr. Rimmel the speake 
was able to ren ler the fragrance of this coal-tar perfume percep: 
tible to his audience. Nor must we forget to mention the so 
called essence of mirbane (nitrobenzene), of which about 150 
tons per annum are used for perfuming soap ; and artificial oil 
of bitter almonds, employed as a flavour in place of the natura 
oul. 

Coal-tar Saccharine.—Of all the marvellous products of the 
coal-tar industiy, the most remarkable is perhaps the production 
of a sweet principle surpassing sugar in its sweetness ¢wo Aundr 
and twenty times. This substance is not a sugar, it contains 
carbon, hydrogen, sulphur, oxygen, and nitrogen. Its formula i 

ZiGOm™ 
*\S02/ 

and its chemical name is benzoyl sulphonic imide, or for common 
use, saccharine. I[t does not act as a nutriment, but is non- 
poisonous, and passes out of the body unchanged. The following 
is a concise statement of its properties, and mode of production 
from the toluene of coal-tar, It should, however, be first men- 
tioned that the compound benzoyl sulphonic imide (saccharine} 
was first discovered by Constantin Fahlberg and Remsen, in 
America. But no patent was taken out for a commercial process 
till recently, and it is now patented in this country, 

Strep I.—Toluene is treated with fuming sulphuric acid in the 
cold, or it is heated with ordinary-sulphuric acid of 1684° Twad: 
dell on the water-bath, or not above 100° C, l 
is the letter. The acid is best caused to act upon the toluene in 
closed vessels rotating on horizontal axles. 

F 

a 

O 

C,H NH, 

C,H;CH,. +.S0,Hy =H { Soto + HiOs 
‘Toluene sulphonic acids 4 

(ortho and para). 
Toluene 

Srrep IT,—After all toluene (which as toluene is insoluble in 
the acid) has disappeared, the contents of the agitating vessel ai 
run into wooden tanks in part filled with cold water, and the whole 
liquid is stirred up with chalk to neutrali e the excess of sulphuric 
acid used and to obtain the two isomeric toluene sulphonic acids 
as calcium salts. 

CH, 
4 ( CeHs } So, OH 

Toluene, ortho- and 
para-sulphonic acids 

CEH ( CH, so. sc + CaSO, + 2CO, + 2Hg0. 
Calcium toluene ortho- 
and para-sulphonates 

) + SOH, + 2(CaCO,) = 

The neutralised mass is filtered through a filter-press to separati 
therefrom the precipitate of gypsum, which is washed with — 
water, and the washings added to the filtrate. 

Strep III,—The calcium salts are now treated with carbonat 
of sodium, to obtain the sodium salts, with precipitation of cai 
bonate of calcium. ‘The precipitate is removed by means of 



( 
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filter-press from the solution containing the sodium ortho- and 
parasulphonates. 

CH, 

(Colts {S08 
. . . CH, ,Ca + NajCO, = CaCOy + 2CsHa} SG" Ona, 

The sodium toluene sulphonates 

Strep 1V.—The solution of the sodium salts from III. is eva- 
porated either inan open orina yacuum-pan so far that a portion 
taken out will solidify on cooling. The contents of the pan are 
then run into moulds of wood or iron, and allowed to cool and 
solidify. The lumps are at length taken from the moulds, broken 
up small, and dried in a drying-room, and subsequently in a drying 
apparatus heated with steam, until quite desiccated. 

Strep V.—The sodium sulphonate salts are now converted into 
their corresponding sulphonic chlorides. ‘This is effected as 
follows :—The dried sulphonates are thoroughly mixed with 
phosphorus trichloride, itself as dry as possible. The mixture 
is then placed in lead-lined iron vessels, and a current of chlorine 
is passed over the mixture till the reaction is ended. The tem- 
perature generated by the reaction must be properly regulated 
by cooling the apparatus with water, ‘The phosphorus oxy- 
chloride resulting from the decomposition is driven off, collected, 
and utilised for deyeloping chlorine from bleaching powder for 
the chlorinating process, phosphate of lime being precipitated, 
which can be used in manures. For this purpose the oxychlo- 
ride is treated with water, and the mixture, now containing 
hydrochl sric and phosphoric acids, is brought into contact with 
the chloride of lime. 

The reaction by which the ortho- and para-toluene sulphonic 
chlorides are produced is indicated by the following equation :— 

a. (GH ae ees Coll { SG'va + (PCy + 2Cl) = 

CH, : Ci, { Soci + POCI; + Nacl. 
Toluene sulphonic chlorides 

The two sulphonic chlorides remaining in the appiratus are 
allowed to cool slowly, when the solid one (the para compound) 
is deposited in 1 rge crystals, so that the liquid one can be easily 
removed by the aid of a centrifugal machine. The crystalline 
residue is freed from all the liquid sulphonic chloride by washing 
with cold water. Only the liquid orthotoluene sulphonic chloride 
is capable of yielding saccharine, and the liquid product above 
Separated is cooled with ice to crystallise out the last traces of 
the crystalline compound. The solid parasulphonic chloride 
obtained as by-product, is decomposed into toluene, hydrochloric, 
and sulphurous acids by mixing it with carbon, moistening the 
mixture, and subjecting it under pressure to the action of super- 
heated steam. ‘The total change proceeds in two stages :— 

(cu ~ CH, 
41 §0,c] + #20 = CoHu) so, 04 

Be (cat ets ) + C =2(CsH,. CH;) + CO, + SO,. 

r. C,H , + HCl. 

SO,OH 

The toluene is then used again in Step I., and the hydrochloric 
and sulphurous acids in Step VII. 

Srep VI.—The liquid orthotoluene sulphonic chloride is now 
converted into the orthotoluene sulphonic amide by treating the 
former with solid ammonium carbonate in the required propor- 
tions, and subjecting the resulting thick pulpy mixture to the 
action of steam. Carbonic acid is set free, and a mixture of 
orthotoluene sulphonic amide and ammonium chloride remains. 

Toluene sulphonic chloride 

CyHy So. NH, + NHCl + H,0 + CO, 
SO,.. 2 

Toluene sulphonic amide 

As the mixture is very liable to solidify on cooling, cold water is 
at once added to prevent this, and to dissolve out the ammonium 
chloride, the amide remaining in the solid state. The liquid is 

separated by ce itrifugating. 
_ Srep VII.—The orthotoluene sulphonic amide is no v oxidised, 
preferably by means of potassium permanganate. The result of 
this will be, precipitated manganese dioxide, free alkali and 

alkaline carbonate, and an alkaline orth sulphamido-benzoate. 
The alkaline liquid requires careful neutralisation during the 
_ oxidising process, and especially before evaporating, with a 
“mineral acid, or else the sulphamido-benzoate formed would be 
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again split up into orthosulphonic benzoate and free ammonia, 
thus :— 

C,H (CO. ONa (CO.ONa 
ghly aE One Niele {SO,. ONa 

The oxidation process itself is thus represented :— 

+ NaOH = C,H, + NH,. 

See 50.) NH, + 30 + NaOH = 
+: giGOn Onaeier Colt | SO. Vit, + 240. 

Sodium orthotoluene 
sulphamido-benzoate 

By precipitation with dilate mineral acids, such as hydrochloric 
or sulphurous acids, the pure benzoyl sulphonic imide is at once 
precipitated :— 

CO,.ONa 
Coy { SO.. NH, a Hcl — 

NaCl + H,O + CgHy oS } NH, 
“ Saccharine,”’ or benzoyl 

sulphonic imide 

Saccharine possesses a far sweeter taste than cane sugar, and has 
a faint and delicate flavour of bitter almonds. It is said to be 
220 times sweeter than cane sugar, and to possess considerable 
antiseptic properties. On this account, and because of ils great 
sweetness, it is possible that it may be useful in producing fruit 
preserves or jams, consisting of almost the pure fruit alone; the 
small percentage of saccharine necessary for sweetening these 
preserves being probably sufficient to prevent mouldiness, 
Saccharine has been proved by Stutzer, of Bonn, to be quite 
uninjurious when administered in considerable doses to dogs, the 
equivalent as regards sweetness in sugar administered, being 
comparable to over a pound of sugar each day. Stutzer found, 
moreover, that saccharine does not nourish as sugar does, but 
that it passes off in the urine unchanged. It is proposed thus to 
use it for many medical purposes, where cane sugar is excluded 
from the diet of certain patients, as in cases of “ diabetes mel- 
litus,” and in this respect it may prove a great boon to suffering 
humanity, although we must remember that, as certain of the 
aromatic compounds if administered for a length of time are 
known to exert a physiological effet, especially on the liver, it 
will be desirable to use caution in the regular use of saccharine 
until its harmless action on the human body has been ascertained 
beyond doubt. 

Saccharine is with difficulty soluble in cold water, from hot 
aqueous solutions it is easily crystallised. Alcohol and ether 
easily dissolve it. Hence from a mixture of sugar and saccharine, 
ether would easily separate the saccharine by solution, leaving 
the sugar. It melts at 2bout 200°C. with partial decomposition. 

The taste is a very pure sweet one, and in comparison with 
cane sugar it may be said that the sensation of sweetness is much 
more rapidly communicated to the palate on contact with sac- 
charine than on contact with sugar. The speaker expressed 
his thanks to the discoverer of saccharine, Dr. Fahlberg, of 
Leipzig, for a complete and interesting series of preparations 
illustrating the domestic and medicinal uses of this remarkable 
compound, and also to his friend Mr. Watson Smith for the 
kind aid afforded him in the experimental illustration of his 
discourse. 

SOCIETIES AND ACADEMIES 

LONDON 

Royal Society, May 20.—‘‘On the Working of the 
Harmonic Analyser at the Meteorological Office.” By Robert 
H. Scott, F.R.S., and Richard H, Curtis, I’. &.Met.Soc. 

On the 9th of May, 1878, Sir W. Thomson exhibited to the 
Society a model of an integrating machine, which consisted of a 
series of five of the disk, globe, and cylinder integrators, which 
had been devised two years earlier by his brother Prof. James 
Tho uson, and a description of which will be found in the 
Proceedings of the Royal Society, vol. xxiv. p. 262. Sir W. 
Thomson’s paper describing this model will be found in vol. 
xxvii. of the Procedings, p. 371; and referenze should be 
made to both these papers for an explanation of the principle of 
the machine. In the communication last named it is stated that 
the machine was about to be ‘‘ handed over to the Meteorological 
Office, to be brought immediately into practical work.” 

The model was received at the Office in the course of the 
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month, and was at once set in action; the results of the pre- 
liminary trials when obtained being referred to a Committee 
consisting of the late Prof. H. J. S. Smith and Prof. Stokes, 
who, on July 5 following, submitted to the Meteorological 
Council a favourable report on the performance of the model. 

The Council at once resolved to have a machine constructed, 
which should be specially adapted to the requirements of the 
work for which it was intended, viz. the analysis of photographic 
thermograms and barograms. 

In preparing a working design for actual execution, it was 
found necessary to make several modifications in the details of 
the mechanical arrangements of Sir W. Thomson’s original 
model, and these were mainly worked out by Prof. Stokes and 
Mr. de la Rue. The construction of the instrument was in- 
trusted to Mr. Munro. It was considered sufficient to limit the 
action of the machine so as to extend only to the determination 
of the mean, and the coefficients as far as those of the third 
order, in the expression 

E =a + a, cos@ + sin 6 + a.cos 20 + 4,sin 26 + a3 cos 38 
+ é3sin 30 + &c., 

and to obtain these it was necessary to have seven sets of spheres, 
disks, and cylinders. 

A description of the machine, as actually constructed, together 
with engravings giving a general view of the machine, and 
illustrating some of its details, will be found in Engineering for 
December 17, 1880. 

The machine was delivered at the Office in December 1879, 
and a lengthened series of trials was at once commenced, to 
determine its constants, and thoroughly test the accuracy of its 
working, for which purpose systems of straight lines and 
curves, of which the values were known, were first used. A few 
small unforeseen difficulties were early met with, necessitating 
slight modifications in some portions of the instrument. 

The chief of these faults was a slight turning of the cylinders 
upon their axes, when the balls were moved to and fro along the 
disks, parallel to the axes of the cylinders. The movement was 
always in the same direction, namely, towards the disks, whether 
the ball was moved to the right or left. After the trial of many 
expedients the defect was finally, in great measure, overcome by 
attaching weights to the spindles of the cylinders. It however 
still exists in the machine to a slight extent, and its effect is to 
decrease the readings on the cylinders by a very small amount. 

It was decided to employ the analyser, in the first instance, in 
the determination of temperature constants, and careful com- 
parisons have been made of the results obtained by its means with 
those got by actual measurement of the photographs and numer- 
ical calculations, as will presently be mentioned, and the accord- 
ance is so very close as to prove that the machine may safely be 
trusted to effect reductions which could only otherwise be 
accomplished by the far more laborious process of measurement 
and calculation. 

It will facilitate an apprehension of the method of using the 
machine to give a somewhat detailed account of the operations 
involved in the treatment of the curves, with an example of the 
manner in which the readings of the machine are recorded and 
dealt with. 

The machine is furnished with three pairs of recording 
cylinders and disks, numbered consecutively 1 to 6, which give 
the coefficients for the first three pairs of terms of the expansion, 
and in addition a seventh cylinder and disk from which the mean 
is obtained. In the thermograms which supply continuous 
photographic records of the march of temperature, the trace for 
twenty-four hours covers a length of 8°75 inches, while a vertical 
height of about 0°7 inch! corresponds to a range of ten degrees 
in temperature ; each thermograph sheet contains the record for 
forty-eight hours. 

Conveniently placed in the machine is a cylinder or drum, the 
circumference of which is equal to the length of twenty-four hours 
upon the thermograms. Round this cylinder the thermograms 
are rolled, the fluctuations of temperature indicated by the curves 
being followed, as the cylinder revolves, by a combination of the 
movement of the cylinder with that ofa pointer moving in a line 
parallel to its axis. 

The handle by which the cylinder is turned gives motion at 
the same time to the seven disks of the machine, and the 
operator thus controls by his left hand both the speed with 
which the curves are paid through the machine and the conse- 
quent velocity of the angular motion of the disks, while, by a 

7 This value varies slightly for each observatory. 

stitable contrivance, the movements of the pointer, governed by 
his right hand and following the curve, produce on the face of 
the disks corresponding movements to the right or left of the 
balls by which the motion of the disks is conveyed to the 
recording cylinders. 

At the commencement of an operation all the cylinders are set 
to zero ; the twelve months curves are then passed consecutively 
through the instrument; the first pair of cylinders, which gives 
the coefficients of the first order, and also the mean cylinder, 
7, being read for each day, while cylinders 3 and 4, and 5 and 6, 
which give the coefficients of the second and third orders respec- 
tively, are only read for each five days and at the end of each 
calendar month. The numbers on the cylinders are, however, 
progressive, so that the increments upon them for any given 
period could very easily be obtained. : 

At present only the monthly increments of the readings have 
been dealt with, So as to obtain the coefficients of the mean daily 
variation for each month of the year. The process followed is, 
therefore, simply to divide the monthly increment by the number 
of days in the month, and then to multiply the quotient bya 
factor which is determined by the scale-value of the thermograms, 
and which will therefore be different for each observatory. 
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After some trials with the curves for the year 1871, the year 
1876 was taken up, inasmuch as for that year the records had 
been discussed by Mr. H. S. Eaton, F.R.Met.Soc., who had — 
calculated the hourly means of the various meteorological 
elements for each month separately, and who kindly placed his 
results at the disposal of the Council. 

The working of the machine was thus subjected to an exact 
test by comparing the results obtained by it with the coefficients 
in the harmonic series which were calculated from Mr. Eaton’s 
means ; and their trustworthy character, and the adequacy of 
these calculations to serve as a standard with which the coeffi- 
cients obtained by means of the machine might be compared, was 
established by calculating them from the odd and even hours, 
quite independently, for all the seven observatories. 

The outcome of this experiment was thoroughly satisfactory, 
and the entire series of results obtained both by calculation and 
from the machine was published as Appendix LY. to the Quarterly 
Weather Report for 1876, together with a Report prepared by 
Prof. Stokes, the concluding paragraphs of which may be quoted 

; here, since they sum up in a few words the conclusions 
arrived at. 
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‘¢Disregarding now the systematic character of some of the 
errors, and treating them as purely casual, we get as the average 
difference between the constants as got by the machine and by 
calculation from the twenty-four hourly means 0°°065. It may 
be noticed, however, that the numbers are unusually large (and 
at the same time very decidedly systematic) in the case of the 
second cylinder of the first order 4,, for which the average is as 
much as 0°°150, the seventh of a degree. 

““Tf 6, be omitted, the average for the remaining cylinders of 
the machine is reduced to 0°'047. 

“« We see, therefore, that, with the exception perhaps of 2,, the 
constants got by the machine for the mean of the days constitut- 
ing the month are as accurate as those got by calculation, which 
requires considerably more time, inasmuch as the hourly lines 
have to be drawn on the photograms, then measured, then 
meaned, and the constants deduced from the means by a 
numerical process by no means very short.” 

The curves for the twelve years 1871 to 1882 inclusive have 
now been passed through the machine, and the results obtained 
have been carefully checked so far as the arithmetical work 
involved is concerned, upon a plan approved by the Council. 
No direct check, short of passing the curves a second time 
through the machine, can however at present be put on any 
portion of the results except as regards the means, which have 
been compared with the means calculated from the hourly 
readings obtained by measurement from the curves. The results 
of this work will be published in the Hourly Readings for 
1883, but the general results may here be stated. 

As a rule, the monthly means yielded by the harmonic analyser 
agree well within a tenth of a degree with those obtained by 
calculation from the hourly measurements of the curves ; and 
although in some exceptional cases larger differences have been 
found, amounting in rare instances to as much as half a degree, 
it is probable that generally these are less due to defects in the 
working of the instrument than to other causes. In some cases 
large breaks in the curves, due to failure of photography, &c., 
were interpolated when the curves were passed through the 
machine, but not when the means were worked out from 
measurements of the curves. Some differences rather larger 
than usual, and confined chiefly to the earliest years dealt with, 
have been ascertained to have arisen from the circumstance that 
when the curves were first measured, to obtain hourly values, 
the method of making the measurements was not the same as 
that found by subsequent experience to be the preferable; and 
also that in some cases the scale-values first used were less 
accurately determined than has since been found possible. 

In both these respects the two methods were on a par in the 
later years dealt with, and therefore the fairest comparison is 
to be had with their means. 

For 1880, the average difference of the monthly mean for all 
the seven observatories is 0°'09; for 1881 it is 0°05; and for 
1882 0°06 ; and in these three years a difference of 0°°3 between 
the analyser and calculated means occurred but once, and of 
o°-2 but five times. 

What has been said is sufficient to show that the instrument is 
completely applicable to the analysis of thermograms. 

It has also been employed on the discussion of barograms, 
and the curves for the years 1871, 1872, and 1876 have been 
passed through the machine. 

The year 1876 was selected owing to the existing facilities 
for comparing the resulting figures with those obtained by 
calculation from Mr. Eaton’s means, and the result in this case 
was equally satisfactory with that for temperature already 
mentioned. 

May 27.—‘‘Family Likeness in Eye-Colour.” 
Galton, F.R.S. 

This inquiry proved that certain laws previously shown by 
the author to govern the hereditary transmission of stature also 
governed that of eye-colour: namely, that the average ancestral 
contributions towards the heritage of any peculiarity in a child 
are from each parent 4, from each grandparent ;';, and so on; 
also that each parent and each child of any person will on the 
average possess 4 of that person’s peculiarity. The eye-colours 
were grouped into light, hazel (or dark gray), and dark ; then 
it was shown that $ of the hazel were fundamentally light, and + 
of them were dark, and they were statistically allotted between 
light and dark in that proportion. The desired test of the truth of 
the laws in question was thus reduced to a comparison between 
the calculated and observed proportion of light- and dark-eyed 
children born of ancestry whose eye-colours presented various 
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combinations of light, hazel, and dark. The inquiry was 
confined to children of whom the eye-colours of both parents 
and of all four grandparents were known. There are six 
possible combinations of the three eye-colours in the parents, 
and fifteen in the grandparents, making a total of ninety pos- 
sible classes, but of these one-half were wholly unrepresented 
in the returns, and many others were too scantily represented to 
be of use. The remainder were discussed in six different ways : 
that is to say, in two groups, a and 2, and each group by three 
methods. Ina the families were classified and grouped accord- 
ing to their several ancestral combinations of eye-colour, but only 
those groups that consisted of twenty or more children were 
used ; there were 16 of these groups and 827 children. In é 
the families were treated separately, but only large families were 
taken, viz. those that consisted of at least six children: they 
were 78 in number. In both a and 4 separate calculations were 
made on the suppositions (1) that the parental eye-colours were 
alone known ; (2) that the grandparental were alone known ; 
(3) that the parental and the grandparental were alone known. 
The conformity between the calculated and the observed 
numbers throughout every one of the six sets of calculations was 
remarkably close, and the calculated results obtained by the 
method (3) were the best. 

**Notes on Alteration induced by Heat in Certain Vitreous 
Rocks, based on the Experiments of Douglas Herman, F.I.C., 
F.C.S., and G. F, Rodwell, late Science Master in Marlborough 
College.” By Frank Rutley, F.G.S., Lecturer on Mineralogy 
in the Royal School of Mines. Communicated by Prof. T. G, 
Bonney, B.Sc., F.R.S. 

In this paper an endeavour has been made to ascertain the 
nature of the changes which are induced in a few typical vitreous 
rocks by the action of heat only. The specimens experimented 
upon were— 

(1) The pitchstone of Corriegills, Arran. 
(2) Black obsidian from Ascension. 
(3) Black obsidian from the Yellowstone District, U.S.A, 
(4) Glassy basalt lava of Kilauea, Hawaii. 
(5) Basalt of the Giant’s Causeway, Antrim. 

The Arran pitchstone was heated for 216 hours at a temperature 
ranging from 500° to about 1100° C. The clear, greenish 
belonites of hornblende, so plentiful in the unaltered rock, were 
found to have turned to a deep rusty brown through peroxidation 
of the protoxide of iron which was present in the hornblende. 
The dusty matter mixed with clear spiculz of hornblende, which 
occurred between the belonites and shaded gradually off into the 
clear glass which immediately surrounded the belonites in the 
normal state of the rock, has segregated to some extent, a sharp 
line of demarcation now existing between the dusty matter and 
the areas of clear glass, while the spicule of hornblende have 
somewhat increased in size if not in number. No actual devitri- 
fication of the glass has resulted from the heating. 

The obsidian from Ascension showed only a banded structure 
coupled with streams of colourless microliths and a few felspar 
crystals when a section of the unaltered rock was examined 
microscopically. Two specimens of this rock were artificially 
heated, the first for the same period and at the same temperature 
as the Arran pitchstone, while the second was kept for 7o1 
hours at a temperature ranging from 850° to r100° C. 

In the first specimen the banded structure disappeared entirely, 
or almost entirely, but numerous microliths are present in the 
altered rock, in which the most remarkable change consists in 
the development of an excessively vesicular structure. 

in the second specimen a vesicular structure is also developed, 
an outer crust consisting of a very thin layer of clear brownish 
glass, followed by a nearly opaque layer composed of greenish- 
brown microliths, which shades off into a colourless glass con- 
taining similar microliths, which are probably some form of 
amphibole or pyroxene. The remainder of the specimen has 
been completely devitrified. 

The Yellowstone obsidian in its normal state shows little else 
but trichites and globulites when examined under a high power. 

Two specimens of this rock were heated: the first at from 
500° to 1100° C. for a period of 216 hours, the second from 
850° to 1100° C. for 7or hours. In the first case a remarkably 
vesicular structure has been developed ; the trichites have en- 
tirely disappeared, and small granules and crystals of magnetite 
have been formed. In the second specimen the changes are 
yery peculiar. The fragment retained its original form, but the 
surface showed minute blisters or elevations, which, when 
when cracked open, revealed a cavernous structure produced by 
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the coalescence of vesicles averaging from 4 to 4 inch in diame- 
ter. These cavities were often lined with a white crystalline 
crust, and generally contained white crystalline pellets, each 
about one-third the size of the cavity in which it occurred. 
Minute crystals of specular iron were detected upon the surfaces 
of these pellets. The glassy part of the rock, which still re- 
mains clear, contains trichites and globulites similar to those 
in the unaltered obsidian, but they are more numerous in the 
artificially-altered rock. 

The vesicular glassy basalt lava of Kilauea, when examined 
under the microscope, is seen to contain crystals of olivine and 
minute crystallites which have not hitherto been referred to any 
particular mineral species. A specimen of this lava, kept for 
960 hours at a temperature ranging from 750° to 1200° C., 
shows that the olivine crystals have undergone no appreciable 
alteration, but the glass itself has become perfectly opaque and 
black, owing to the separation of magnetite. 

The specimens of basalt from the Giant’s Causeway were 
fused in Stourbridge crucibles in a gas furnace. One, which 
was cooled rapidly, appears under the microscope as a clear 
glass containing vesicles ; another, cooled slowly, is black and 
opaque, except in certain spots where a prismatic structure is 
visible, the marginal portions of the prisms having a radiating 
crystalline or fibrous character. 

In another case some of the powdered basalt was again fused, 
and a fragment of cold basalt was placed on the surface and 
allowed to sink into the molten mass. The result was a glass, 
which, under the microscope, appears perfectly clear except in 
the immediate vicinity of the immersed fragment, which is 
surrounded by an opaque black border containing divergent 
groups of colourless transparent or translucen* crystals. The 

. black border, where it joins the clear glass, is sharply defined, 
and its opacity and blackness must be regarded as due to a 
separation of magnetite, asin the case of the altered Kilauea 
lava. 

The first series of experiments were made by Mr. Herman. 
The specimens from the Giant’s Causeway were experimented 
upon by Mr. Rodwell. 

Zoological Society, June 1.—Dr. A. Giinther, F.R.S., 
Vice-President, in the chair.—Dr. A. Giinther, F.R.S., ex- 
hibited and made remarks on a specimen of a small fish of the 
genus /ierasfer embedded in a pearl oyster.—The Secretary 
made some remarks on the most interesting objects he had ob- 
served during a recent visit to the Zoological Gardens of 
Rotterdam, Amsterdam, Cologne, Antwerp, and Ghent.— 
A leiter was read from Mr. J. M. Cornely, of Tours, C.M.Z.S., 
stating that his pair of Michie’s Deer had bred in his park, and 
that a young one had been born on May 15.—Mr. Beddard read 
notes on the convoluted trachea of a Curassow (Nothocrax 
wrumutum), and on the form of the syrinx in certain Storks. — 
Mr. W. F. Kirby read a paper containing an account of a small 
collection of Dragon-flies which had been formed by Major]. W. 
Yerbury at Murree and Campbellpore, N.W. India. The col- 
lection contained examples of about twenty species. 

Physical Society, May 22.—Prof. Balfour Stewart, Presi- 
dent, in the chair.—Messrs. C. A. Bell, W. C. Johnson, and 
James Swinburne were elected Members of the Society.—The 
following communications were read:—On the sympathetic 
vibrations of jets, by Mr. Chichester A. Bell. It has been 
assumed hitherto that a gaseous or liquid jet vibrates under the 
influence of a limited range of tones only ; effective tones being 
those which do not differ greatly in pitch from the normal 
or proper tone of the jet, discovered by Savart and Sondhauss. 
The author has found, however, that, when the pressure under 
which a jet escapes is not too great, the latter is affected by all 
tones lower than the normal, as well as by some above it. 
Changes may be excited in a jet of either kind by vibratory 
motions of the jet orifice, or of the fluid behind or external to 
the orifice. These changes take the form of slight swellings 
and contractions, which become more pronounced as the fluid 
travels away from the orifice, and finally cause the jet to break 
or become discontinuous at a distance which depends upon the 
intensity of the initial disturbances. At any point within the 
continuous portion of the jet the successive swellings and expan- 
sions represent both the form and the relative intensities of 
vibrations impres ed upon the orifice, and the jet is therefore 
capable of reproducing very complex sounds, such as those of 
speech and music. A vibrating jet of air does not, however, 
emit sound when it plays into free air, or into the wide end of a 
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tube communicating with the ear; but when it plays against a 
very sail orifice in the end of a hearing tube, loud sounds may 
result. This reproduction is most intense when the hearing 
orifice is placed in the axis of the jet, just within the breaking 
point, but becomes gradually feebler as the hearing orifice is 
moved towards the jet orifice or out of the line of its axis. 
Beyond the breaking point the sounds from the jet at first become 
confused, and finally are lost. A jet of gas, like a liquid jet, 
only vibrates so as to produce its normal tone when it strikes 
upon some obstacle which serves to diffuse the disturbances due 
to impact, or throw them back upon the orifice. The vibrations 
of an air jet are also loudly reproduced as sound when it is 
directed against a small flame below the apex of the blue zone. 
Liquid jets are but slightly sensitive to aérial sound-impulses, 
but become highly sen-itive when the jet tube is rigidly attached 
to a sound-board. The vibrations of a jet so mounted are best 
perceived as sound when the stream strikes upon a rubber mem- 
brane tied over the end of a narrow tube which communicates 
with the ear. For accurate reproduction of speech and sounds 
in general the jets should be at such a pressure as to respond 
visibly to a note of about 4009 vibrations per second ; and the 
membrane should be at such a distance from the orifice that the 
jet never breaks or becomes discontinuous above its surface. The 
vibrations of very fine jets of any conducting liquid become 
loudly audible when a portion of the jet, or the ‘‘nappe” 
formed when it strikes upon a flat surface, is included in 
circuit with a battery and a telephone. This may be accom- 
plished by letting the jet impirge on the end of an ebonite rod, 
through the centre of which passes a platinum wire ; the upper 
end of the rod is surrounded by a short tube or ring of platinum, 
the upper margin of which forms a continuous, slightly convex 
surface with the exposed end of the central wire and the ebonite. 
The wire and ring form: the terminals of the circuit which is 
completed through the ‘‘nappe.” Distilled water containing 
1/300 of its volume of pure sulphuric acid is recommended as 
the jet liquid. The author advances a new theory to account 
for the growth of the vibratory changes in liquid and gaseous 
jets. —On some thermo-dynamical relations, part 5, by Prof. 
W. Ramsay and Dr. S. Young. In parts 1 and 2 of this series 
of papers it was shown that the ratio of the absolute tempera- 
tures of any two bodies corresponding toa given vapour-pressure 
bears a simple relation to the ratio at any other pressure, which 
may be expressed by the equation A’ = & + c(t’ — 7); where 
A’ and & are the two ratios, ¢ is a constant, and <’ and fare the 
temperatures of one of the two bodies. The determination by 
Schumann (Pogy. Ann., N.F. 12, 46) of the vapours of methyl- 
formate and twenty-seven homologous ethers made it possible 
to compare the vapour-pressures of a large number of bodies be- 
longing to the same class. It was found that when the ethers 
were compared with ethyl acetate, which was taken as the 
standard, in every case c = 0, and therefore A’ = 2. The 
temperatures corresponding to the three pressures 269, 760, and 
1300 mm. are given by Schumann. Taking the niean value of 
& for those pressures as correct, and recalculating the tempera- 
tures, the greatest difference between the found and recalculated 
temperatures is 0°°7 C. ‘The vapour-pressures of water or any 
one of the ethers being accurat ly known, it is sufficient to 
determine the boiling-point of any ether belonging to this class, 
in order to construct its vapour-pressure curve. The absolute 
temperatures corresponding to the pressures 200 and 1300 mm. 
for any ether are *89795¢ and 1:0488/, where ¢ is the boiling- 
point at normal pressure in absolute temperature. —A grid-iron 
slide-rule by Mr. Stanley, designed by Mr. Thacher, was 
explained by Mr. C. V. Boys. It was equivalent to a slide 
60 feet long, and performed multiplication and division with an 
error not exceeding the 1/40,000 part.—Specimens of safety 
explosives and their results in shattering blocks of lead were 
exhibited by H. Sprengel. 

Geological Society, May 12.—Prof. J. W. Judd, F.R.S., 
President, in the chair.—Matthew Blair was elected a Fellow, 
and Prof. H. Rosenbusch, of Heidelberg, a Foreign Corre- 
spondent of the Society.—The following communications were 
read :—On the maxilla of Iguanodon, by J. W. Hulke, F.R.S. 
—Notes on the distribution of the Ostracoda of the Carboni- 
ferous formations of the British Isles, by Prof. T. Rupert Jones, 
F.R.S., and J. W. Kirkby. Although all the Ostracoda of the 
Carboniferous formations are not yet described, there are 170 
species and notable varieties known, belonging to thirty-three 
genera of nine families. About twenty-five of these species, not 
yet described, but determined by the authors, are introduced into 
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their lists as giving a fuller idea of the value of this manifold 
Crustacean group. In the first place they referred to the classifi- 
cation of the Carboniferous strata in Scotland and in England, 
according to the local differences, taking in succession ‘* Scot- 
land West,” ‘‘ Scotland East,” ‘‘ England North, with the Isle 
of Man,” ‘‘England Central and South, with South Wales,” 
as the several districts from which th y have obtained good 
groups of Ostracoda from different members of the Carboni- 
ferous series. In Fife the lowest local Carboniferous strata 
contain Beyri hia subircua'a; higher up come in Carlonia 
fabulina, C. Kankiniana, Bairdia nitida, and Leper ditia Okent ; 
the last, accompanied by other species, occurs throughout this 
lowest series, in which the record is more complete than in 
Midlothian and Linlithgowshire, where the same species also 
occur. In Dumfriesshire and Ayrshire Z. Okeni and L. sebrecta 
have been found in beds even lower than the above-mentioned, 
and are therefore probably the oldest Carboniferous Ostracoda ; 
other species accompany them higher up, and in Roxburghshire 
some localities of the Carboniferous Sandstone series are very rich 
inspecies. The Carboniferous Limestone series of South- West Scot- 
land has been highly productive of Ostracoda, particularly the 
shales of the lower b_ds ; thirty-six species are common or charac- 

The middle or coal-bearing portion has yielded but 
few, chiefly Z. Voungiima, one Beyrichia, C. fabulinz, and 
C. Rankiniana. The Upper Limestone group contains many 
recurrents from below and a few others, including VYoungia rectt- 
dorsalis (MS.). The Millstone Grit equivalents have no Ostra- 
coda, but the overlying Coal-measures are rich in Cardonie, 
with a few others, such as C)fridina radiata. A great variety 
of genera and species come from beds at or near the base of the 
Scar Limestone and its equivalents in North Lancashire, West- 
moreland, Cumberland, and Northumberland. The calcareous 
shales of the Yoredale series have several interesting forms, 
including P.restura concinna (MS.); none from the Millstone 
Grit. The Lower Coal-measures give Beyrichia arcuata and 
Carbonit, sp. The middle beds have B. arcuata and Carbonia 
fabulina, common ; rarer, C. Rankiniana, C. secans, C. scalpellus, 
C. Wardiana (MS.), and Philomedes elongata. In the Upper 
Coal-measures B. subarcuata reappears ; and in the Spivorbis- 
limestone Leferditia inflata is the latest Carboniferous Ostracod 

In Northamptonshire the deep Gayton boring (at 
730 feet) has given Airhbya variabilis, K. plicata, Bythocypris 
sublunata, Macrocypris Fonesiana, Cythevella extuberata, and C. 
attenuata, all but one belonging to the Lower Carboniferous 
series. In Salop, South Wales, and Somerset the Carboni- 
ferous Limestone has yielded several good species of Leperdia, 
Kirkby 1, Moorea, Bythocypris, Bairdia, &c. Carbonia Agnes and 
C. Eveline belong to the South Welsh Coal-measures. The 
distribution of the Carboniferous Ostracoda in Ireland requires 
further work ; bat the Lower Carboniferous Shales and the 
Mountain Limestone near Cork and elsewhere are very rich, as 
are also some parts of the latter in the Isle of Man, The Ostra- 
coda of the Permian Formation were then treated of in relation 
to their Carboniferous allies, and the range of the British 
Carboniferous Ostracods in Europe and North America was 
noticed in some detail. The results of the examination were 
shown in two extensive tables.—Note on some Vertebrata of the 
Red Crag, by R. Lydekker, F.G.S. This communication con- 
tained briefly the results of a re-examination of the specimens 
from the bone-bed of the Red Crag in the British and Ipswich 
Museums, a series of casts from the latter haying been added to 
the former. The forms noticed were Hyena striata, with which 
Hi. antijua and H. arvernensis were considered probably 
identical, JZasto/on, of which the author thought three species— 
M, arv.rnensis, M. longirostris, and M. borsont were repre- 
sented ; Sws, of which two forms, the larger probably S. exy- 
manthius or S. antiqguus, the smaller S. palevcherus, had been 
detected ; a Tapir, which was probably Zupiraus arvernensis or 
I. elegans rather than 7) priscus ; Hipparion gracile ; a Rhino- 
ceros referable to the hornless A”. zwczsivus rather than to R. 
schletermacheri, though the latter probably also occurred ; and 
a species of Albatross (Dzomedea) represented by a right tarso- 
metatarsus, and the associated proximal phalangeal bone of the 
fourth digit. —The Pleistocene succession in the Trent Basin, by 
R. M. Deeley, F.G.S. The bels of the lowest division were 
distinguished from those of the middle and upper by the absence 
of Cretaceous rock-debris. Older Pleistocene: Early Pennine 
Boulder-clay, Quartzose Sand, Middle Pennine Boulder-clay ; 
Middle Pleistocene: Melton Sand, Great Chalky Boulder-clay, 
Chalky Sand and Gravel; Newer Pleistocene: Interglacial 
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River-alluvium, Later Pennine Boulder-clay. Each of the 
separate stages was then described separately, with details of 
exposures and sections throughout the area.—Oa the existence 
of a sub.narine Triassic outlier in the English Channel off the 
Lizard, by R. N. Worth, F.G.S. 

Anthropological Institute, May 25.—Francis Galton, 
F.R.S., President, in the chair.—Mr. Reginald Stuart Poole 
read a paper on the ancient Egyptian classification of the races 
of man. This was defined by the famous subject of the four 
races in the tombs of the kings at Thebes (B.C. 1400-1200). 
The types were (1) Egyptian, red; (2) Shemite, yellow ; (3) 
Libyan, white; (4) Negro, black. By comparison with monu- 
ments of the same period and of a somewhat earlier date, the 
first race, clearly an intermediate type, was seen to comprehend 
the Phcenicians, the Egyptians, and the people of Arabia Felix 
with the opposite coast. The Libyan race included an aquiline 
type, with marked supra-orbital ridges and receding foreheads, 
as well as a straight-nosed type. Thes2 two types inhabited the 
south coast of the Mediterranean, and some of the islands. 
The Negro race included the Negro and Nubian types. The 
Hittites and Hyksos, or shepherds, were as yet unclassed. Prof. 
Flower pointed out the resemblance of the aquiline Libyan 
type to that of the Neanderthal crania, and the oldest European 
type, and saw in the Hyksos head distinctly Mongolian cha- 
racters. These two points are of the highest consequence in 
historical anthropology.—Mr. C. W. Rosset exhibited a large 
collection of photographs and other objects of ethnological 
interest from the Maldive Islands and Ceylon. 

Paris 

Academy of Sciences, May 31.—M. Jurien de la Graviere, 
President, in the chair.—Observations of the small planets made 
with the large meridian instrument at the Paris Observatory 
during the first quarter of the year 1886, by M. Mouchez.—Note 
on a new general method of determining directly the absolute 
value of refraction at all degrees of altitude, by M. Loewy. 
This is a further development and more general application of 
the author's recent communication on the means of determining 
some absolute values of refraction with a sufficient degree of 
accuracy.—Researches on the densities of liquefied gases and of 
their saturated vapours, by MM. L. Cailletet and Mathias. In 
this memoir the authors’ studies are limited to the protoxide of 
nitrogen, ethylene, and carbonic acid. It is shown that at the 
critical point the density of the Auid is equal to that of its 
vapour, whence a practical means of determining graphically 
the density at the critical point when the critical temperature is 
known. It is also shown that the expansion of the liquefied gas 
is greater than that of the gas itself. The method; here described 
are applicable to all gases whose critical point is higher than the 
freezing-point of mercury.—On MM. Albert A. Michelson and 
Edward W. Morley’s recent experiments to ascertain the influ- 
ence of motion of the medium on the velocity of light (Americar 
Fournal of Science, May 1886), by M. A. Cornu. The author 
briefly describes the American physicists’ experiments, which 
show that the result announced by Fizeau in 1851 is essentially 
correct, and that the luminiferous ether is entirely unaffected by 
the motion of the matter which it permeates. At the conclusion 
of the paper M. Fizeau took occasion to remark that he had - 
never ceased to prosecute his studies on the nature and properties 
of the ether, and hoped soon to announce the existence of a pecu- 
liar variation in the magnetic force of magnets apparently in rela- 
tion with the direction of the earth’s motion through space, and 
calculated to throw great light on the immobility of the ether 
and its relations to ponderable matter.—On an arc tangent to the 
solar halo of 46°, observed on May 30, by M. A. Cornu. Of 
the numerous halos observed during last month this is described 
as the most remarkable. It was visible towards 5 p.m. under 
the form of an extremely vivid iridescent are concentric with the 
zenith at a distance of 15° to 20° in a circular sphere of from 60° 
to 80°. The author considers that from the systematic observa- 
tion of these phenomena some valuable data might be obtained 
regarding the condition and movements of the upper atmo- 
spheric currents, which woul be useful in weather forecasting. 
—On the heats of combustion and of formation of the solid 
carburets of hydrogen, by MM. Berthelot and Vieille. The 
method announced by the authors tw» years ago for measuring 
the heat of combustion of the fixed or but slightly volatile organic 
compounds is here applied to the study of naphthaline, ace- 
naphthene, anthracene, phenanthrene, dibenzyl, and some other 
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carburets chosen on purpose with a view to determining certain 
general relations. —On the ammonia present in the ground: a 
reply to MM. Berthelot and André, by M. Th. Schloesing. 
The points in dispute are re-stated, and the author deals fully 
with the chief objections urged by MM. Berthelot and Andre 
against his view that generally speaking the ammonia passes 
from the atmosphere to the earth.—Note accompanying M. 
Silvestri’s report on the eruption of Mount Etna on May 18 and 
19, by M. Daubrée. It is noticed that the present lava-stream, 
like that of 1883, flows from the crevasse which was opened on 
the flenk of the volcano in the direction from north-east to south- 
west in the year 1875. But it rises at an elevation of about 
1400 metres some 7 kilometres above the town of Nicolosi, 
which has thus so far escaped destruction.—On the influence of 
magnesia on Portiand cements, by M. G, Lechartier. The 
author’s extensive researches amongst public buildings and struc- 
tures of all sorts fully confirm the conclusion already arrived at 
by Rivot regarding the destructive effects of the magnesia 
present in these cements. The more they are exposed to the 
direct action of water, the more rapid is the process of decay.— 
Observations of the new comet Brooks III., made at the Obser- 
vatory of Nice with the Gautier equatorial, by M. Charlois.— 
Note on the theoretic calculation of the composition of vapours, 
their coefficients of expansion, and vaporising heats, by M. M. 
Langlois. The formulas which in the author’s theory give the 
specific heats of the gases or vapours are as under :— 
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where a is the coefficient of expansion of the vapour, V the 
volume oceupied by 1 kilogramme of this vapour under the 
pressure 7, The complete theory will be explained at the next 
Congress of the French Association at Nancy.—On the diffusion 
of heat and physical isomorphism, by M. L. Godard. The 
property of being athermochroic, hitherto supposed to be pecu- 
liar to pure common salt and sylvine (natural chloride of potas- 
sium), is shown to be also characteristic of the isomorphous and 
anhydrous chlorides, bromides, and iodides. These substances 
have the same chemical formula and crystallise in the same 
system, and thus is once more confirmed the analogy presented 
by the physical properties of isomorphous bodies.—Law of the 
product corresponding to the maximum of useful work in an 
electric distribution, by M. Vaschy. It is shown that Jacobi’s 
law (product = 3) is inapplicable to the case of a dynamo- 
generator whose electromotor force is a function of the current 
traversing it.—On the cyclonic whirlwind of May 12: influence 
of the Guadarama mountain-range on its progress through the 
Iberian peninsula (second note), by M. A. F. Nogués. The 
fresh impulse given to this Atlantic cyclone by contact with the 
cold dry upland currents in the neighbourhood of Madrid show 
that under special conditions the central Spanish plateau may be 
compared to certain tropical regions. producing in Spain meteoric 
phenomena analogous to those of the torrid zone.—On the 
heats of combustion of the fatty acids and of some fatty 
substances derived from them, by M. W. Louguinine. Com- 
pleting his previous studies on the heat of combustion of the 
fatty acids and their derivatives, the author here treats of 
caprylic, nonylic, lauric, myristic, and palmitic acids, and of 
the trilaurine and trimyristine glycerines.—On the dissociation of 
the carbonate of lime, by M. H. Le Chatelier.—On a new 
gaseous body, the oxyfluoride of phosphorus, with the formula 
PhF1,0,, by M. H. Moissan.—On the direct chloridation of 
methylbenzoyl, by M. H. Gautier.—Action of oxygenated water 
on benzoic acid in the presence of sulphuric acid, by M. Hanriot. 
Having previously shown that oxygenated water reacts on the 
benzenic hydrocarburets in sulphuric solution, transforming 
them to phenols and diphenols, the author here extends this 
reaction to the aromatic acids, and especially to benzoic acid.— 
On jaborine, by MM. Hardy and Calmels.—Absorption of the 
bicarbonates of potassa and lime by the roots of beetroot during 
the first year’s growth, and their transformation to organic acids 
in combination with the potassa and lime diffused throughout 
the different parts of the plant during vegetation, by M. H. 
Leplay.—On the superficial measurement of the underground 
parts of plants, by M, Aimé Girard. A method is proposed by 
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which the superficial development of vegetable roots may be 
approximately determined within about y’5 above or below the 
reality.—Fresh observations on the Jurassic bilobites, by M. 
Stan. Meunier. Several new forms of these curious fossil 
vestiges are described, tending more and more to show that they 
are of organic origin, and not merely animal footprints.x—On 
the existence of the Lower Eocene formation in the Chalosse 
district, and on the position of the Bos d’Arros strata, by MM. 
Jacquot and Munier-Chalmas. 
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THURSDAY, JUNE 17, 1886 

EARTHQUAKES AND OTHER EARTH- 

MOVEMENTS 

Earthquakes and other Earth-Movements. 
“International Scientific Series,” Vol. LVI. 

Kegan Paul, Trench, and Co., 1886.) 

“THE object of this work is “to give a systematic 
account of various earth-movements”: these are 

classified as (1) Earth-quakes, (2) -Tremors, (3) -Pulsa- 

By J. Milne. 
(London : 

tions, and (4) -Oscillations, which are severally defined | 
as (1) sudden or violent, (2) minute, (3) slow, (4) secular 

movements of the ground. The earthquakes occupy 

305 pp., whilst only 43 pp. are given up to the other three | 
motions. After an introduction follows a description 
(22 pp.) of about twenty different kinds of instruments for | 

recording earth-movements (seismo-scopes, -meters, and 
-graphs), beginning with an ancient Chinese seismoscope 
(A.D. 136). The construction of a proper seismograph 
which shall record period, amplitude, and direction of | 
movements is difficult, the inertia of the moving parts | 
masking the earth-movement. A set of tipping columns 
seems to be the simplest seismoscope, and some form of 

pendulum the simplest seismograph: these can be made 
“‘astatic,” so as to retain any deflected position. Of 
recorders of motion a smoked-glass plate seems the 
simplest. The “Gray and Milne seismograph” is an 

elaborate instrument, recording continuously and simul- 
taneously the times, and also the three rectangular 
components, of any displacement. 

The explanation of earthquake propagation by waves 
of elastic compression and distortion, shadowed forth by 
Dr. T. Young, is fully discussed and illustrated for the 

general reader : the former are compared to sound-waves 
and the latter to light-waves; unlike these, however, the 

direct waves travel the quicker. It appears that about 

seven-eighths of the speed of wave-transit through 
homogeneous rock is lost in actual rocks as found 
tm situ. 

Experiments on artificial earthquakes have—as might | 
Only three sets appear to have | be expected—been few. 

been published. Those by Mr. Mallet (published in 1851) 
were based on explosions of large masses of powder up 

to 12,000lbs. Those by General Abbot in America (pub- 
lished in 1876) were based on explosions of from 70 to 

1880, were based on the fall of a ton weight through from 

10 to 35 feet, and on explosions of 1 to 2 lbs. of dynamite. 
The general conclusions are that the wave-speed is 
quicker for direct than for transverse vibrations, is quicker 
through hard than through soft rock, increases with 
increase of the shock, and decreases with distance. It is 

clear that opportunities for experiment on the effect of 
explosions such as the above must often occur, and that a 
small expenditure on seismographs alone is needed to 
embrace the opportunities. 

There appears to be no known limit to the frequency 
and duration of earthquakes. Shocks otcur continuously 
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| rupture. 

in the Andes (p.246), and have lasted for weeks in New Zea- 
| land at the rate of 1000 a day (p.72). Continuous shaking 

has been /e/¢in Japan during 44 minutes (p. 73). Recorded 

vibration-periods vary from two-tenths of a second to one 
second, and the amplitude may amount to 1 foot without 

Some calculations are given of velocity of 
motion of the ground derived from fall of buildings and 
projection of copings, caps, &c,: these are open to large 
error from omission of resistance to fracture and of fric- 
tion. The conclusions as to the rate of earthquake propa- 
gation agree with those derived from the artificial earth- 
quakes quoted above. 

The most practically useful chapter is that on effects on 
buildings (a subject recently discussed at the Institution 
of Civil Engineers), as to which the most important con- 

clusions are—(r) local knowledge alone will guide to the 
safest site; thus hills, valleys, plains, hard strata, soft 

strata, &c., are each safe in some, unsafe in other coun- 

tries. (2) If the direction of shocks be definite, place the 

blank walls parallel, and the pierced walls perpendicular 

thereto. (3) Openings at different levels inthe same wall 

to be échelonned. (4) Avoid flat arches, or place wood 
lintels over them. (5) Avoid heavy copings, caps, &c., 

and tall chimneys. (5) Use roofs of low pitch. (7) Struc- 

tures of different vibration-period should not be con- 
nected. 

Structures of bamboo and timber are seldom injured 
by earthquake-shock directly ; earthquakes are only 

indirectly destructive to them through fires (caused by 
the upsetting of lamps) and floods (which sometimes 

follow). 

The earthquake-effects on land are the opening of 
cracks and fissures, with occasional discharge of water, 
mud, &c., landslips, and disturbances of lakes, rivers, &c. ; 

| also upheavals and depressions of whole tracts : these are 
—with the exception of the last—seldom extensive. The 
chief effect on the ocean is the raising of a great sea- 

wave, sometimes very large, e.g. 60 feet high at Lisbon 
(1761), 80 feet at Callao (1724), 210 feet at Lupatka 

(1737). These waves are often more destructive on land 

than the actual shocks ; the influx is usually preceded by 
an outflow, which in fact acts as a warning. One of the 

most remarkable effects is the distance to which these 
waves are propagated as “ great waves,” e.g. right across 

the Pacific. Thus most large earthquakes on the east or 
west coasts of the Pacific produce waves which are 

recorded on the opposite coast about twenty-four hours 
after. From the recorded time of transit of these waves 

| and the known distance the average depth of the ocean 
400 Ibs. of dynamite. Those by Mr. Milne in Japan, since | (supposed uniform) can be calculated by Russell’s formula 

(v? = gh); the calculated depths are generally less than 

the soundings (which err necessarily in excess). 

As to source of earthquakes eight methods are given 

for finding the “epicentrum” or sz7face-origin, and four 

for finding the “centrum” or actual origin, on various 

assumptions: e.g. radiation from a point (viz. the epi- 
centrum), uniform propagation, homogeneous strata, &c. 

Results depending on such doubtful assumptions can only 
be very rude approximations. 

As to distribution over the world, it appears probable 
that all parts of the world have been shaken at various 

times, but that in the historic period the regions most 

H 



WATORE [Zune 17, 1886 

liable to earthquake are those near to active or recently 

active volcanoes, especially the Pacific border (which 

actually contains 172 out of a total of 225 now active vol- 
canoes); also earthquakes are propagated chiefly a/ong 

valleys or ridges. 
The distribution of earthquakes in time has been much 

discussed, but no periodic law either secular, seasonal, or 

diurnal, either for the werld in general or for any one 

place, is very clear. 
After discussing the synchronism of earthquakes with 

numerous physical phenomena (positions of heavenly 
bodies, states of air, &c.), the causes of earthquakes are 

considered, and the conclusion is drawn that the primary 
causes are probably terrestrial, such as (1) sudden cracks 
consequent on over-stretching of the earth’s crust during | 

| of it, the upper surface of the conductor be touched by elevation ; (2) explosions of steam ; (3) collapse of hollows 

produced by volcanic ejection and by the continuous 

solution and removal of matter by springs ; (4) change of 
load over large areas due to rise and fall of the tides and 

to changes in air-pressure. 
As to prediction of earthquakes, nothing certain is yet 

known. In many cases there are noticeable changes in 
springs and wells preceding earthquakes. 
warning is, however, obviously possible, viz. the report of 
an actual earthquake on one side of the Pacific could be 
at once telegraphed to the other side, thus giving twenty- 

four hours’ warning of the probable advent of a great sea- 

wave. 
As to earth-tremors, two curious cases are quoted : (1) 

the extra crowds of people in Greenwich Park on public 

One useful | 

holidays cause extra shaking in the Greenwich Observa- | 
tory instruments ; (2) certain delicate observations pro- 

jected at Cambridge in 1880-82 proved futile in con- 
sequence of the continuous earth-tremors masking the 

delicate effects sought. To these might now be added in 
London the tremors produced by the Underground Rail- 

way. Systematic record of earth-tremors (micro-seismo- 

graphy) has now been made in Italy in many towns for 

ten years: these tremors appear to be periodic, and to 
be connected with the sun’s and moon’s motions, and 

with the state of the barometer, and to increase before 

earthquakes, so that there is some hope of possibility of 

earthquake prediction from this research. 
The phenomena of earth-pulsations and -oscillations 

quoted are numerous and interesting, but space fails to 

enumerate them. 
The work begins with an earthquake-map, and ends 

with a list (10 pp.) of earthquake-literature, 
This work is well worthy of its place in the Inter- 

national Scientific Series, and may be accepted as a 
monograph on its subject by an accomplished’ seismo- 

logist, who, from his residence in Japan, has had ample 

opportunities of studying the actual phenomena. 

ALLAN CUNNINGHAM, Major, R.E. 

FRICTIONAL ELECTRICITY 

Frictional Electricity. By Thomas P. Treglohan. 

don: Longmans, Green, and Co., 1886.) 

(Lon- 

HIS is a little book written for first beginners in the 
study of electricity. On the whole it is satisfactory ; 

although the writer betrays curious want of knowledge or 

want of judgment here and there. The diagrams are 
good, and.the descriptions fairly clear ; and from place to 

place instructions are given to teachers as to experiments 
they may make before elementary classes for the purpose 
of illustrating and bringing home to the learners the 
various parts of the subject. The construction of simple 

pieces of apparatus, such as a boy may make for himself, 

is also described throughout the book and in a number 
of paragraphs at the end. 

There are, however, certain points to which we take 

serious exception. First, we cannot regard Mr. Tre- 

glohan’s mode of looking at inductive phenomena as 
correct or satisfactory. For example, speaking of the 

electrophorus, he says :—‘‘If, while the conductor rests 

upon the excited cake and is under the inductive action 

the finger, the free negative passes to the earth, and an 
equal quantity of positive enters the disk from the earth.” 
The same statement is made on the following page, so 

that there is no doubt whatever that the statement about 
the “equal quantity of positive” is really meant. In the 
diagrams throughout the book too, where discharge as 

the result of induction is going on two little arrows are 

shown, one marked + and the other —, and pointing in 
dissimilar directions. This seems to us particularising 

| with a vengeance the action of two fluids. 

On p. 35, under the heading “ specific inductive capa- 

city,” we are told that “ It was established by Prof. Fara- 
day that, for an excited body to act upon a conductor by 

induction, some substance must exist between the two 

through which the electricity may be imparted.” Shade 
of Faraday ! 

At the end of this paragraph, speaking of specific in- 
ductive capacity, we are told that “dry air is superior to 
moist air in this respect.” We do not think that any 
difference has been proved to exist between dry air and 
moist air, either as to induction or as to conduction ; 

though there is a common misapprehension (shared by 

the present author, p. 30) of a difference as to this latter 
quality. 

The use of the condensing electroscope seems to be 

misunderstood by the author. It cannot be used in 
the way described for testing “lightly charged bodies.” 
Its main use is for testing a weak but continuous 
source. 

There is also an extraordinary paragraph about a white- 
hot iron ballon p. 107, for which the author seems to make 
Prof. Guthrie responsible, and in which the experimenter 
is told to put a white-hot iron ball on the electroscope in 
order to prove certain statements! We fear the experi- 
menter will not obtain much valuable information from 
the experiment ; and it is so¢ ¢rwe that, with respect to 
the supposed indifference of a white-hot body to electri 
fication, “in this it resembles the indifference to mag- 
netism of a white-hot iron ball.” 

A few misprints we have also noticed. Sir William 
Thomson’s name should be spelled without a “ p”; iodine 
and starch paper is coloured blue, not brown, by ozone. 

Putting aside these defects, however, this little book will 

probably be found useful to teachers for the elementary 
stage in the Science and Art Department, for whose 
benefit, as we are told in the preface, it has been com- 
piled. (fnite Js 
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OUR BOOK SHELF 
The Gallery of Marianne Nort’s Paintings of Plants 
and their Homes, Royal Gardens, Kew. Descriptive 
Catalogue compiled by W. Botting Hemsley, A.L.S. 
Fourth Edition. Pp. 160. (London: Printed under 
the Superintendence of Her Majesty’s Stationery Office, 
and sold at Kew Gardens, 1886.) 

THIS is a much enlarged and improved edition of the 
previous excellent catalogue of these valuable and inter- 
esting paintings. The whole collection having been 
rearranged and as many as 220 additional paintings 
added, the value of the catalogue, as may be supposed, is 
considerably enhanced, and the more so as many of the 
new paintings are the result of Miss North’s more recent 
travels in such noteworthy countries as the Seychelles. 
The description of each of the pictures, with notes on the 
habits and uses of the plants represented, are both inter- 
esting and useful, the whole being carefully condensed 
within reasonable compass, but beyond this the present 
edition is made doubly useful by the addition of a most 
carefully drawn up list of plants referred to in the cata- 
logue, arranged alphabetically under their natural orders, 
together with the native country of each species. The 
sketch of the “general features of the vegetation of the 
countries visited” is a most valuable addition, each 
country being treated of separately. These are, as Mr. 
Hemsley says, “short paragraphs describing the prominent 
features and peculiarities of the vegetation of the various 
countries whose floras are illustrated with some degree of 
fulness therein.” Thus, under Chili we have first a 
general description ofits position, character, climate, and 
meteorological conditions, followed by notes on the vege- 
tation, with references to the more important genera. 
This part of the book, which forms the introduction, and 
extends to thirty-one pages, will be extremely useful to 
all students of geographical botany; indeed the whole 
book has a value besides that of a mere “guide” to the 
visitor to the gallery. 
We cannot conclude our brief notice of this excellent 

catalogue without referring to another important feature 
in this edition, namely, the introduction of a really good 
map of the world, showing in red the countries visited by 
Miss North, and in green other floras partially illustrated 
in the collection. 

EP EDERS HOO LRAE ED IROR. 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or lo correspond with the writers of, rejected manu- 
scripts. No notice ts taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space ts so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.) 

The Thomson Effect 

Ir affords me much satisfaction to find that my statement of 
the facts of the Thomson effect is in the main accepted by Prof. 
Tait. The errors to whi-h I called attention had been copied 
into at least one recent electrical text-book, and were in a fair 
way to obtain general recognition as fundamental principles. 

The only objection which Prof. Tait raises to my statement is 
my omission to include a correction for the variability of one 
of the coefficients with tenperature. This is no valid objection, 
as the limits of space forbade me to encumber my explanation 
with any unnecessary detail, and my mathematical investigation 
was avowedly only approximate. The correction thus supplied 
by Prof. Tait and embodied in his equation (1) is to the effect 
that, in flowing through a copper conductor, the electric current, 
while displacing the whole temperature curve in the forward 
direction (as stated by me), displaces the maxima more than the 
minima, so as to make the descending gradients steeper and the 
ascending gradients less steep, the displacement of each point 
being proportional to its absolute temperature. In iron the same 
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tule holds except that ‘‘backward” must be substituted for 
“forward.” Prof. Tait agrees with me that the ordinates are 
not increased or diminished, but are simply shifted. The cur- 
rent does not tend to diminish the difference between maxima 
and minima, as a real fluid would do. 

The phrases ‘electric convection of heat ” and “specific heat 
of electricity ’’ have served their purpose, as provisional terms, 
furnishing a short and easily-remembered way of expressing certain 
new facts, which would have required for their full expression a 
long periphrasis ; but to retain them any longer in our text-books 
is to place a needless stumbling-block in the way of teachers 
and students. 

Let Thomson’s coefficient o (hitherto called the specific heat 
of electricity) be called the Thomson coefficient, and let the num- 
bers tabulated by Prof. Tait under the heading “‘ Specific Heat 
of Electricity” (“‘ Heat,” p. 180) be called ¢angents of slope, a 
name which speaks for itself when the meaning of a thermo- 
electric diagram is understood. The Thonson coefficient will 
thus (in the ordinary case) be equal to the absolute temperature 
multiplied by the tangent of the slope; and the amount of the 
Thomson effect between two given temperatures will be their 
difference multiplied by the Thomson coefficient for the mean 
temperature. 

A good name is wanted for the ordinate of any point in a 
thermo-electric diagram. In the first edition of ‘* Units and 
Physical Constants,” being driven to give it some name, and not 
being able to think of a good on, I employed the makeshift 
term, ‘‘thermo-electric value,” In the forthcoming edition I 
propose to denote it by the more appropriate name, ‘“ thermo- 
electric height.” J. D. EVERETT 

Belfast, June 12 

Black Rain 

THE heaviest shower on record fell yesterday afternoon 
between 6 and 7 p.m. It began at 6.36, and almost six-tenths 
of an inch fell in the first quarter of an hour. The wind was 
shifting rapidly at the time from north through west to south. 
The water collected was very dark, but not so black as that . 
which fell on April 26, 1884. S. J. PERRY 

Stonyhurst Observatory, June 10 

Meteor 

YESTERDAY (Sunday), June 13, at 10.12 p.m., looking east- 
ward, I saw a magnificent meteor, extremely brilliant, darting 
from southward to northward, at an altitude of about 30. It 
must have been a minute or two in view, as I had time to stop 
walking and watch it describe a long track. When it had 
passed the prime vertical it burst into a shower of sparks 
which, falling in a second or two, became invisible. The 
colour of the meteor was intense white, with a bluish tinge in 
rear, and only a very slight trail was visible. On exploding 
the light was crimson for an instant, and the sparks were red. 

Should you receive any other notices of this meteor, its height, 
distance, and magnitude may be computed. It seemed to me 
of the diameter of a cricket-ball. I have never seen so large a 
meteor before, or any describe so long a path. The memorable 
meteor-shower of 1865 (?) exhibited none so large, though pos- 
sibly many had longer tracks. You may hear of it from the 
North Sea. R. STRACHAN 

11, Offord Road, London, N., June 14 

“* Arithmetic for Schools ” 

Mr. Lock is a little loose, not to say unfair, in the drawing 
of his inferences; I prefer, therefore, to stand by my own 
words. 

(1) When I said ‘‘the purely arithmetical part” (not Part) of 
the book, I meant what I said, viz. those sections where such 
theoretical matters as the finding of the highest common factor, 
the extraction of the square root, &c., are treated of. The possi- 
bility of any reader of NarureE drawing the inference which 
Mr. Lock succeeds in drawing, viz. that the book is expressly 
divided into Pure Arithmetic and Practical Arithmetic, is surely a 
very trivial matter. 

(2) At p. 18t the following definition occurs :—‘‘ Rate of 
interest is the ratio of interest to the principal.” This I gave as 
an instance of ‘slight inaccuracy.” It may be a fundamental 
misconception, and not a slight inaccuracy ; but if so Mr. Lock 
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has no cause for complaint. 
a function of two variables. 

(3) Inreply to Mr. Lock’s request for other slight inaccuracies 
I might ask, without leaving the subject of interest, what 
under the sun ‘‘inverse interest” is: but though inaccuracies 
of language are not desirable in a school-book, I prefer 
to draw his attention to more important matters. Every arith- 
metician knows that the practical questions which come 
under such headings as Simple and Compound Interest, 
Exchange, Discount, Stocks, &c., are not questions of a different 
kind arithmetically, being all so-called ‘‘ proportion ” questions, 
and that no more important fact can be taught to the student of 
arithmetic regarding them. Now here is Mr. Lock’s treatment. 
Simple and compound proportion questions are put under the 
headings ‘‘ Problems” and ‘‘Complex Problems”—names, by 
the way, quite illogically chosen and not consistently adhered 
to. Exchange is tacked on to Complex Problems by the 
words, ‘‘examples in Exchange can be worked by the above 
method ”—indeed, these words and a worked example consti- 
tute the sum total of information given in the book on this sub- 
ject. No one could object to the union here indicated, but 
surely the same is equally true of several of the other subjects. 
After Exchange comes a section headed ‘On Problems concern- 
ing Time: I., Time and Distance.” These are not problems 
in the sense previously specified, but belong to the genus of 
examination questions which concern bodies moving in the 
same path with different speeds. A like remark applies to the 
section which follows, headed ‘‘II., Time and Work.” Late 
in the day, after Interest, Discount, &c., there appears a chap- 
ter “On the Use of the Term Per Cent.” So far as it is on 
anything (for it consists of seven or eight lines of introduction, 
three worked and forty-five unworked examples), it is on the cal- 
culation of rates of gain and loss. Now all this, one is bound 
to affirm, is strangely illogical, and tends to give a most 
erroneous conception of arithmetic as applied to practical affairs. 
I used the expression ‘‘slight inaccuracies of thought” in 
referring to such a mode of treatment, because it was impossible 
to be more severe without going into detail, and because it 
seemed imperative to say something against a practice, which 
our examination system fosters, of forming text-books by col- 
lecting all the kinds of exercises met with in examination papers 
and separating them into carelessly ticketed groups prefaced by 
a definition or two. The purely arithmetical, and larger, part of 
Mr. Lock’s book is not of this character, and is, especially as 
regards the definitions, very carefully prepared ; he would con- 
siderably enhance the value of the whole by wisely modifying 
the rest in the second edition. THE REVIEWER 

He ought to know that interest is 

I THANK you for your courtesy in permitting me to see the 
reply of your reviewer to my letter which appeared in NATURE 
of June 3 (p. 100). That my letter was written under very ex- 
ceptional circumstances will be clear to any one who will take 
the trouble of comparing your reviewer’s defence of his criticism 
with the book itself. I will, however, with your permission, 
make one or two comments on his reply. 

(1) That a wrong inference was suggested by the words of the 
reviewer is, no doubt, of little consequence, except that it 
afforded me a ground for an appeal to you for further informa- 
tion. 

(2) Your reviewer did not quote in his review, as he now does, 
my definition of rate of interest; he asked whether rate of 
interest is totally independent of the time, implying that I 
stated that it was so, and ignoring the fact that the manner in 
which time is involved in Interest (not in rade of interest, 
on which point your reviewer seems a little confused) is 
gradually explained in the next few pages. Might I ask your 
eviewer whether in Compound Interest the Interest varies simply 

as the Time? 
(3) In his third paragraph your reviewer gives his answer to 

my request that he should quote verbatim the other instances on 
which he based his unfavourable criticism. There is little or 
nothing here for me to answer, except that I am compelled, 
in justice to myself, to point out the reviewer’s own mistakes. 
(i.) He suggests that Exchange ought logically to be placed 
between Compound Interest and Discount. “It would seem 
necessary to remind him that in questions on Exchange there is 
no reference to ¢7me, and that it is the peculiar manner in which 
time is involved, which distinguishes Interest and Discount from 
other Problems involving money. (ii.) He states that questions 

which I have called “Problems concerning Time” areimproperly 
so-called. It will be clear to any one who reads the chapter on 
“Problems” that a Problem is a question on Variation ; so that 
problems concerning time are exactly what their name indicates. 
But (even supposing your reviewer were right on these two 
points) in charging me with being strangely illogical as regards 
the order of my chapters, he must have overlooked the fact that 
in the preface I expressly state that ‘‘ novelty in arrangement 
has been avoided as much as possible,” but that ‘the order in 
which his chapters are taken may be varied at the discretion of 
the teacher.” For my part I think that the established order of 
subjects is not to be lightly upset, certainly not without more 
sound and weighty reasons than those adduced by your re- 
viewer. 

But besides this your reviewer draws an unfair inference, due. 
I suppose, to mere carelessness. The words ‘‘ Inverse Interest ”” 
appear only as the heading of pp. 187, 188, and are obviously 
an abbreviation for convenience of printing of the words on 
p. 186, ‘‘ Inverse questions ‘on Interest.” As far, however, as 
I can understand the general effect of your reviewer’s explana- 
tion, his objection to my book seems to be this—that it fails to 
bring into sufficient prominence the fact that the Practical 
Applications of Arithmetic (which, in accordance with esta- 
blished custom, I have collected under the heads of Exchange, 
Problems concerning Time, Interest, Proportional Part, &c.), 
really present the same idea under different circumstances, ex- 
pressed in different language. I entirely agree with him as to 
the importance of this fact, and endeavoured, as far as the 
scope and object of my book would allow, to give it due pro- 
minence. For example, for this reason, it seemed unnecessary 
in Exchange and in the chapter on Profit and Loss to give more 
than a few words of explanation in addition to the examples 
worked out. Joun B. Lock 

Gonville and Caius College, June 14 

PASTEURS RESEARCHES 

ie the current number of the Royal Agricultural 
Society’s Journal (vol. xxi. part 1) is a full and able 

account of the work of the great French experimenter from 
an agricultural and veterinary point of view, by Dr. 
George Fleming. The development of Pasteur’s genius 
is traced from his early chemical researches on dextro- 
andlvo-tartrates tofermentationsin milk andinmalt. The 
combination of microscopic with chemical modes of investi- 
gation led him to the definite determination of the part 
played by living organisms in acetic, butyric, and alcoholic 
fermentations. In these inquiries his own labours were 
almost entirely original, but it must not be forgotten that 
a few microscopists in England and many in Germany 
were working on the same lines, and contributed to the 
establishment of the modern doctrine that fermentation 
and putrefaction are both processes dependent on the 
presence and growth of minute parasitic plants. Pasteur’s 
experimental investigations led him in two directions— 
in one to the establishment of the now accepted theory of 
biogenesis: that every living thing is the product of a 
living parent ; in the other to the practical application of 
the facts ascertained to the manufacture of vinegar and 
the process of brewing. 

Ingenuity in devising experiments and patience in 
carrying them to a successful issue belong more or less 
to every successful investigator, but the union in 
addition of clear theoretical conceptions with skill in the 
useful application of results is characteristic of Pasteur as 
it was of Faraday and a few other of the highest intellects. 

His investigation into the cause of pébr7ve, or silkworm 
disease, was undertaken against his will, in deference to 
the urgency of the eminent chemist Dumas. Pasteur 
wished to return to his original department of chemistry, 
and it is remarkable that having once left it he has been 
drawn further and further into biological researches, 
while Dumas, who began with valuable work on the 
development of the ovum, was diverted to chemistry and 
there made his enduring reputation. Perhaps no instance 
more remarkable than Pasteur’s work on the fébrz7e can 
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be cited of the value of science in a commercial and 
national point of view. A great industry was all but 
extinguished, and the impending catastrophe became a 
question for parliaments and statesmen. A scientific 
investigator was appealed to ; he set to work in 1865, and 
after four years’ continued application he had solved the 
problem, and delivered his country from the incubus on 
her industry. It has been well said that Jenner by his 
discovery of vaccination saved more lives than Napoleon 
ever destroyed ; so Pasteur saved France in 1869 from a 
far greater tribute than the Prussian conqueror imposed 
on her in the following year. 

This brilliant success, which could be neither concealed 
nor depreciated, led to the successful experimenter 
(barely recovered from an attack of paralysis, which ended 
his last laborious research) being called on to devise a 
means of checking the ravages of splenic fever (az¢hrax) 
among horses and cattle. Dr. Fleming gives an interest- 
account of this terrible scourge, and explains the methods 
adopted by Pasteur to investigate it. He discovered a 
method by which its virus may be “attenuated,” and 
thus used for protective inoculation in the same way as 
vaccination protects against small-pox. This method, 
though often successful, has not proved uniformly so, and 
more must be done before its general efficiency is es- 
tablished. Dr. Fleming refers to the results in Algeria, in 
Prussia, and in Hungary, and to these he might have added 
those obtained by Dr. Roy in Buenos Ayres. 

On the other hand, the treatment by inoculation of a 
contagious disease among poultry (ill-named choléra des 
poules), a method which was also discovered by Pasteur, 
appears to be uniformly successful. 

The last investigation of the great French experimenter 
is that upon hydrophobia, which the world is still 
anxiously watching. This also is described by Dr. Flem- 
ing. We have kept our readers informed of the progress 
of this vast practical trial of a scientific mode of treatment 
on the victims of a hopeless malady. Every month brings 
fresh accumulation of evidence on the subject, and we 
hope soon to have the report of the Commission sent from 
this country to ascertain M. Pasteur’s precise methods and 
their results. If he should be honoured to be an instru- 
ment in the hands of Providence for averting one of the 
most shocking and terrible diseases to which mankind is 
subject, the name of Pasteur will live as one of the great- 
est benefactors of our race. But in any case his work 
already achieved and its results established form an 
ample title to the admiration and the reverence of all who 
can estimate genius or value its conscientious devotion to 
the service of mankind. 

LYCOPODS* 

HE attention of the readers of NATURE has already 
been directed towards recent work on the Lyco- 

podiacez by the publication of a vésvmé of the researches 
of Dr. M. Treub, Director of the Botanic Gardens of 
Buitenzorg, Java. He is the first botanist who has suc- 
ceeded in giving a connected account of the prothallus, 
sexual organs, and development of the embryo of any 
species of Lycopodium, and now his first paper, which 
dealt with Z. cermuum, has been rapidly followed by a 
still more complete and successful study of Z. Phlegmaria, 
L. It might be expected that the second paper would be 
in great measure a repetition of the first, but this is not 
so; and it may be regarded as one of the most interest- 
ing results of this very suggestive and luminous investiga- 
tion that it brings into prominence the greatness of the pos- 
sible differences in development of two plants which have 
hitherto passed, and will continue to pass, under the same 
generic name. The observations detailed in this second 
paper are so important in their bearings on our views 

t © Btudes sur les Lycopodiacées,” par M. Treub. PartII. Annales du 
Jardin Botantque de Burtenzorg, vol. y. 2i¢me partie, 
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regarding other allied forms that it is desirable that at 
least the more striking points should be recorded here. 

Attempts to germinate the spores of Lycopodium 
Philegmaria were at first unsuccessful, but after more than 
a year young plants were found on one of the tree trunks 
on which spores had been sown, and subsequently similar 
young seedlings were found in large numbers in the 
forest. The germination of the spores appears to be slow, 
and Dr. Treub is of opinion that the culture of prothalli 
from spores will never be easy, a view which is supported 
by the fact that the oophore is capable of various modes of 
asexual multiplication ; indeed it appears that the majority 
of the prothalli found owed their origin to this source, and 
not directly to the germination of spores. An autonomous 
existence of the prothallus, independent of the formation 
of sexual organs, has been demonstrated by Goebel in the 
case of Gymnogramme leptophylla, and a similar, but still 
more pronounced condition is found in this Lycopod. 
The prothallus grows in the dead external layers of the 
bark of trees; it is as a rule devoid of chlorophyll, and 
consists of cylindrical branches, covered with absorbing 
hairs. These cylindrical organs branch monopodially, 
the branches being usually formed in acropetal order ; 
they have a terminal growth with two initial cells, each of 
which gives rise to half of the cylindrical organ. It is 
worthy of note that there is a great similarity between 
the structure of this apical meristem and that of the stem 
of the sporophore. In the fully-differentiated parts of the 
prothallus a peripheral tissue one layer of cells in thick- 
ness may be distinguished ; this gives rise to the rhizoids. 
The mass of tissue inclosed by this superficial layer, 
though it shows some slight varieties according to the 
mode of development of the branch, never attains any 
high state of differentiation. 

The lateral branches, which are not very numerous, 
take their origin from the peripheral layer, several cells 
taking part in the formation of each. The growth of 
these branches may be long-continued, and it is not 
arrested on the formation of an embryo on another 
branch. By progressive rotting of the older parts 
branches may be separated from one another, and this 
constitutes the simplest mode of increase in number of 
individuals But, besides this, two other modes of 
vegetative propagation are known—(qa) by ordinary pro- 
pagating organs: these are small ovoid multicellular 
bodies, which originate from single superficial cells, and 
are set free by rupture of their pedicels; (4) by thick- 
walled organs, smaller than the above, which only appear 
on weakly prothalli: these may undergo a period of rest. 
Among the vascular Cryptogams the only organs hitherto 
known of a similar nature to these are those described 
by Cramer; Dr. Treub is, however, of opinion that a 
truer comparison may be be made to the gemme of the 
Hepatice, and especially of BZasza, while in many of their 
general characters, which may be recognised on inspec- 
tion of the twenty beautiful plates, the prothall of 
L. Phlegmaria show points in common with the oophore 
of certain of the Muscinez. 

The sexual organs of Z. Phlegmaria are produced on 
the upper surface of the prothallus, and are always 
accompanied by paraphyses, structures which are absent 
in other Vascular Cryptogams, but frequently present in 
the Muscinez. The position of the antheridia is vari- 
able; sometimes they are scattered singly on the vege- 
tative branches, sometimes they are associated in groups, 
and are then often borne on the considerably thickened 
extremities of branches. Their development is similar to 
those of Z. cernuwm, while the antherozoids have two cilia, 
and resemble those of Se/agine/la. The archegonia have 
a more definite position, and they appear subsequently to 
the antheridia, on those thickened extremities of branches 
which have already borne antheridia: they project from 
the surface of the prothallus, and have three to five canal 
cells, while the highest number hitherto recognised 
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among Vascular Cryptogams is three; this is again a 
point in common with certain Muscinee. 

This would not be the place to enter upon those details 
of the mode of development of the embryo, which Dr. 
Treub has worked out with such signal success It must 
suffice, while referring those who are specially interested 
in the subject to the original paper, to state merely the 
most prominent facts. In the first place there is a con- 
siderable difference between the development of the 
embryo in Z. cernuum, and that of L. Phlegmarza, while 
in certain points the latter corresponds to Selaginedla 
Martenstt, Thus the ovum in ZL. Phlegmaria divides 
first by a wall perpendicular to the axis of the arche 
gonium into two: of these, the cell next the neck becomes 
the suspensor, the other is the mother-cell of the embryo ; 
the latter develops ultimately into a multicellular mass 
arranged in two tiers: the lower tier forms only the 
massive “foot,” while from the upper (ze. that further 
from the neck of the archegonium) are derived the stem 
and single cotyledon, and ultimately also the first root. 
The mode of origin of the root is interesting in connec- 
tion with my own recent observations of the exogenous 
origin of the root in Phylloglossum. According to Dr. 
Treub’s observations, the first root of Z. Ph/egmaria is at 
first covered by an envelope a single layer of cells in | 
thickness, which cannot rightly be regarded as the outer- 
most layer of the root-cap; accordingly we have the 
barest possible example of endogenous formation, only a 
step removed from the exogenous. These and other 
results of the investigation of the development of the 
embryo of Z. Phlegmaréa afford fresh material of the 
greatest value for comparison, not only with other groups 
of the Vascular Cryptogams and with the Muscinez, but 
also with other species of the genus Lycopodium. 
Further, the full account given of the prothallus provokes 
a comperison which Dr. Treub has embodied as follows 
(p. 88) :—“ As far as it is possible to judge at present, we 
find in the sexual generation of the Lycopods, more clearly 
than elsewhere, transitional terms between the great 
series of the Muscinez and that of the Vascular Crypto- 
gams.” Some readers will doubtless call to mind, in 
connection with this, a striking passage by a well-known 
botanist, Prof. Goebel, written a few years ago (Schenck’s 
Handbuch der Botanik, Bd. ii. p. 401), which runs thus :-- 
“We must then satisfy ourselves by asserting that the 
gulf between the Mosses and Pteridophyta is the deepest 
that we know in the vegetable kingdom, and bridging it 
over by hypotheses and explanations does not make it 
one whit the less.” 

In this treatise of Dr. Treub we are put in possession 
of those positive observations which, beyond their in- 
trinsic and independent interest, acquire the highest pos- 
sible value from the fact that they fit into this wide and 
deep gulf, and materially help to fill it up. Such obser- 
vations, and the theoretical considerations which follow 
them, are sure of a hearty welcome among the fellow- 
countrymen of Charles Darwin. 

I cannot close this article without a brief reference to 
the peculiar case of symbiosis found in the prothalli of 
L. Phlegmaria. Endophytic Fungi have already been 
described in prothalli of other species, and here Dr. 
Treub finds the tissues constantly infested by a fungus, 
apparently one of the Peronosporez. Its thin filaments 
inhabit the interior of the cells themselves, but without 
killing them, the nuclei of the cells remaining normal, 
while the growth of the prothallus does not appear to be 
visibly hindered by its presence. It would appear that 
we have here a case of “commensal” symbiosis, in the 
strictly literal sense ; unfortunately it is impossible as yet 
to follow out the subject thoroughly into its details, but 
we may hope that Dr, Treub may be able shortly to give 
us some more general insight into the economic relations 
of the two organisms thus amicably associated together. 

F. O. BOWER 

THE UNITED STATES FISHERIES} 

HESE two volumes, with the familiar black cloth 
binding, shiny paper, and plates of photo-engrav- 

ings, characteristic of American official publications, are 
the first instalment of a series, which is to contain the 
results of an exhaustive survey of the United States 
fisheries from all possible points of view. The purpose 
and method of the survey, and the history of its origin 
and progress, are sketched in a prefatory note by Mr. 
Spencer F. Baird. In 1879 it was arranged that the 
Tenth Census, which is under the direction of General 
Francis A. Walker, should co-operate with the Commis- 
sion of Fish and Fisheries in carrying out an historical and 
statistical investigation of the fishery industries. The 
direction of the whole survey was intrusted to Mr. G. 
Brown Goode, Assistant Director of the National Museum, 
who had for some years previously devoted a large portion 
of his time and energies to the study of the fisheries. The 
work to be carried out was divided by Mr. Brown Goode 
into seven departments :—(1) Natural history 6f aquatic 
products ; (2) the fishing grounds ; (3) the fishermen and 
fishing towns ; (4) apparatus and methods of capture ; (5) 
products of fisheries ; (6) preparation and manufacture of 
fishery products ; (7) economy of the fisheries. The co- 
operation of every person who had any special knowledge 
of the subjects under consideration was secured. The 
field-work was so divided that each portion could be 
assigned to men who were most competent from their 
previous experience to undertake it. The shad and ale- 
wife fisheries, for example, were assigned to Colonel 
Marshall MacDonald, the Alaska. fisheries to Dr. T. H. 
Bean. 

It was understood from the beginning that the results 
obtained should be set forth in a series of finished reports, 
of which those referring principally to the exploited organ- 
isms, namely, fish and aquatic animals, should be 
presented to and published by the Fish Commission, 
while those dealing with the exploiting organisms, the 
fishermen and manufacturers, should be the property of 
the Census Office. The expenses of the work have been 
shared between the Commission and the Census. The 
reports prepared for the Fish Commission being too bulky 
for publication in the annual reports, permission was 
obtained from the Senate and House of Representatives 
to publish them separately. The series will be as follows:— 
Section i. natural history of useful aquatic animals (the 
two volumes now before us) ; ii. the fishing grounds ; iii. 
the fishing towns ; iv. the fishermen: v. the apparatus of 
the fisheries and the fishing vessels and boats; vi. the 
fishery industries ; vii. the preparation of fishery products ; 
vill. fish culture and fishery legislation; ix. statistics of 
production, exportation, and importation; x. the whale 
fishery ; xi. a catalogue of the useful and injurious aquatic 
animals and plants of North America: xii. a list of books. 
and papers relating to the fisheries of the United States ; 
xilll. a general review of the fisheries, with a statistical 
summary. 

The statistical reports prepared for the Census Office 
are ten innumber. The results they contain have been 
already partially published in Census bulletins and in 
statistical tables scattered here and there in various 
volumes. The prefatory note concludes- with a brief 
summary of the statistics of the fisheries. In 1880 the 
number of persons employed in fishery industries was 
132,426, of whom 101,684 were fishermen. The total — 
value of the capital invested was $37,955,349. : 

After the prefatory note we find the letter of transmittal 
from Mr. Brown Goode to Prof. Baird. In this it is 
stated that the work is intended especially for the use of 
the reading public, and technical zoological discussions 

* “The Natural History of Useful Aquatic Animals cf the United States,’” 
forming Sectioni. cf ‘' Fisheries and Fishery Industries of the United States.”” 
1 vol. ‘Text; 1 vol. Plates. 4to. (Washington, Government Printing Office, 
1884.) 
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and descriptions have not therefore been included. On 
another fly-leaf is a list of the authors who have had 
a share in the production of the work. The number of 
these is no less than twenty, and among them are such 
familiar names as Tarleton H. Bean, Join A. Ryder, and 
R. Edward Earll. 

The work is divided into five parts: i. mammals ; ii. 
reptiles and batrachians ; iii. fishes; iv. mollusks; v. 
crustaceans, worms, radiates, and sponges. Of the mam- 
mals the whales and porpoises are described by G. Brown 
Goode ; seals and walruses, by Joel A. Allen, and Henry 
W. Elliott, who contributes a chapter on the life-history 
of the fur-seal; manatees and the Arctic sea-cow, by 
Frederic W. True. The reptiles and batrachians are also 
treated by Mr. True. Mr. Brown Goode is responsible for 
the greater part of the portion dealing with the fishes. The 
part on mollusks consists of two chapters, one on mollusks 
in general, by Ernest Ingersoll ; one on the oyster, by John 
A. Ryder. Part V. is the work of Richard Rathbun. 

The work of Mr. Brown Goode is always lucid, system- 
atic, and complete. In his account of the whales and 
porpoises he does not give technical zoological diagnoses, 
these being, as we have already mentioned, intentionally 
omitted throughout the work, but he gives the accepted 
name with its authorities accurately indicated. He de- 
scribes fully, with references to all the literature of the 
subject, the distribution, habits, food, and reproduction of 
all the species having an economic value. Figures of 
nearly all the species are given; these are taken from 
various sources, some prepared specially for the present 
work, some copied from the plates of existing zoological 
memoirs. 

A discrepancy occurs between the title of one of the 
figures and the description contained in the text: the 
porpoise sperm whale is stated to have been described by 
Prof. Gill, under the name Kogda Flowerz, while the 
figure given is entitled Kogza Goodez, True, the pygmy 
sperm whale. Two sketches illustrating the whale fishery 
are reproduced in Plates 3 and 10. The account of the 
“right whales” is not altogether clear. It takes some 
time to find out that the species generally known as the 
“right whale” is Ba/ena mysticetus, L., which is the Arctic 
whale, or bowhead ; while the true right whale is Euba- 
lena, Cope: but the assertion that Auéalena cisarctica, 
Cope, is not remotely related to Eudéalena biscayensis of 
the Eastern Atlantic, remains a puzzle. 

Mr. Allen’s work on the seals is thoroughly satisfactory, 
and the history of the fur-seal at the Pribylov Islands, 
given by Mr. Elliott, contains the results of accurate 
personal observation, which has at last elucidated the 
meaning of the peculiar and long-known habits of this 
species. The movements of Cadlorhinius ursinus when 
absent from its breeding places remain for the present 
obscure, but the reason why it seeks its breeding places 
so regularly, and the facts of its reproduction—knowledge 
of which is necessary in order that a permanent diminu- 
tion of the numbers of the animal may be avoided—are 
clearly set forth in this essay. 

The illustrations of the account of the seals and of 
Mr. Elliott’s essay are particularly good. Among the 
former are two maps of the world, showing at a glance the 
geographical distribution of the useful seals. Mr. Elliott’s 
original sketches of the fur-seal at home in the Pribylov 
Islands are very spirited and interesting. 

Mr. True gives an account of the South American 
manatee, and reviews lucidly the history of the extinct 
Rhytina of Behring’s Strait. 

The chapter on the reptiles and amphibians is entirely 
unillustrated, for what reason does not appear. The 
reptiles which afford products useful to man are the alli- 
gator, the turtles and tortoises, and one frog —Rana 
catesbiana, Shaw—the bull-frog. This last animal is 
cultivated in several localities, the eating of the hind-legs 
being common in most towns of the States. 
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The note at the commencement of Part III. on 
the food-fishes is a little inconsistent. ‘‘ We antici- 
pate the criticism that the book is of no use in 
identifying the different kinds of fish, by the statement 
that we expressly desire that it shall not be,” is one 
sentence ; and another is, “‘ Most of our important species 
can be identified by reference to the plates.” What the 
writer evidently means to say is that each species men- 
tioned is accurately figured and receives its correct 
technical name, so that any one interested in fishes can 
find out the zoological name of his specimens from the 
plates, and can read all about range and economical uses, 
while for more detailed scientific treatment reference must 
be made to speciegraphical works in ichthyology. Various 
ichthyologists have contributed to this portion of the work. 
The fishes of the Pacific coast are the special province of 
David S. Jordan, while one or two species, like the Cali- 
fornian salmon and the carp, have been allotted to pisci- 
culturists specially familiar with them. Many vexed 
questions in the biology of fishes are discussed by Mr. 
Brown Goode with his usual lucidity and comprehensive- 
ness. The pages on the reproduction of the eel, for 
example, are very interesting reading, and this is by no 
means a solitary example. ‘he food-fishes naturally take 
up a large portion of the whole work. They occupy more 
than half of the volume of text, extending to more than 
500 pages. In the plates there is one feature which we 
have after serious efforts completely failed to understand. 
(n nearly every plate there is a straight line below each 
figure, apparently intended as some standard of measure- 
ment ; but the meaning of these lines is not explained. 

In his chapter on the mollusks Mr. Ingersoll has not 
always observed the rule strictly followed in the rest of 
the work of giving the authority for each specific name 
used. He gives an account of the distribution of the 
numerous other species of Lamellibranchs used as food in 
the United States, but gives no description of oyster-beds. 
In Mr. Ryder’s account of the life-history of the oyster 
there is a great deal of interesting detail about anatomy 
and development, and about the writer’s own experiments 
in oyster-culture, but a general account of the distribution 
of Ostrea virginica is wanting. This is a surprising 
omission, and one much to be regretted. 
Why Mr. Rathbun, even in a work intended for general 

readers, should unite together Echinoderms and Ccelen- 
terates as Radiates is a question which it would be 
difficult to answer. The name Radiata would require to 
be considered in a history of zoology, but it is impossible 
to justify its use in the classification of animals for any 
purpose in the present state of science, But this and the 
other slight defects we have pointed out do not make a 
very great reduction in the value and completeness of the 
whole work. The labour spent in its preparation has been 
very great, and the result is a lasting monument to the 
industry and scientific capacity of Mr. Browne Goode and 
his numerous fellow workers. 

REMARKS ON THE EGGS OF BRITISH 
MARINE FISHES 

HE majority of marine fishes, in regard to reproduc- 
tion, readily range themselves into certain groups 

according to the condition of the eggs on deposition. 
Thus (a2) a considerable number have delicate pelagic 
ova, which are generally separate, though in the frog- 
fish, for instance, they form gelatinous masses. (0) Others 
are characterised by the deposition of thick-walled ova, 
connected together in more or less firm masses, on or 
near the bottom, or in special nests. (c) A third group 
is distinguished by laying ova which have filamentous 
processes or adhesive surfaces for attachment to foreign 
structures ; and some place them in brood-pouches of the 
males, in which case, however, the capsules appear to be 

* By Prof. McIntosh, F.R.S., &c., St. Andrews Marine Laboratory. 
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more delicate. (d@) A fourth series have their large eggs 
enveloped in dense horny capsules, which either are fixed 
by their twisted filaments to marine bodies or find suffi- 
cient protection on the extensive sandy flats where they 
are deposited. (¢) Finally, a few produce living young, 
this condition ranging from the well-marked ovo-viviparous 
Zoarces to the even more complex state in the sharks. 

It would seem, as far as present observations go, that 
in those fishes which shed their eggs on the bottom, or in 
brood-pouches, the ova are matured simultaneously in the 
ovaries, so that the act of deposition is performed rapidly. 
This is exemplified in the Co/é7,in Agonus (A spidophorus), 
Cyclopterus, Liparis, the herring, and others. In the case 
of fishes with pelagic ova, on the other hand, the ovaries 
mature and shed their contents at intervals, so that the 
process of spawning occupies a period of greater or less 
duration. 

There is little difficulty in the case of the pelagic ova of 
our shores, such as those of the cod, haddock, whiting, 
bib, ling, rockling, gurnard, and others in artificially im- 
pregnating and hatching them, even from fishes that have 
been dead for some hours. The mortality, however, from 
excessive cold and heat is very considerable in a marine 
laboratory, since the limited quantities of sea-water con- 
tained in vessels a foot or even a yard or two across are 
much more subject to such influences than the vast body 
of water in the sea. It has to be borne in mind also that 
the sea-water usually employed in such researches is 
shore-water, and liable to considerable contamination from 
the estuaries of rivers and streams—besides other im- 
purities. The difference, indeed, between such water and 
that of the open sea was illustrated in 1884 (NATURE, vol. 
xxxi. p. 536), when the pelagic ova of the cod could be | 
more successfully hatched in the large glass vessels 
(‘“drop” bottles) in which they were conveyed from the 
fishing-ground without change, than in the ordinary water 
dipped from the shore and frequently renewed. In like 
manner eggs of plaice fertilised on the same ground this 
year (for which I have to thank Capt. Burn, of St. 
Andrews) were conveyed quite safely, even after a week’s 
vicissitudes in a stoneware jar amongst sea-water— lightly 
tied over with ‘‘cheese” cloth. During the late winter 
ova of various kinds suffered severely, however, and the 
effects of such changes of temperature on the embryos 
were even more pronounced. 
The first series of eggs of the haddock were fertilised 

on the 15th, and the second on the 16th of February, but 
the rigorous weather proved ultimately fatal to both. 
The earlier stages proceeded satisfactorily, but the water 
in the vessels by and by was frozen on the surface 
—softish flakes of ice forming a thick coating—on which 
many of the ova were elevated. No sooner was this ice 
broken than all or almost all the ova were observed to 
present the whitish patch and sink to the bottom. 
of those which had floated in mid-water or under the 
trickle from the supply-pipe escaped destruction, but in a 
few days they also succumbed after a night of unusual 
severity, and after the embryos had been outlined. On 
the other hand, a few ova carelessly thrown at the same 
period into a small vessel of sea-water in the window of 
a library escaped injury and developed quickly, though the 
water remained unchanged. 

In the sea the danger from such extreme cold would be 
minimised, since these pelagic eggs in winter and spring 
do not float quite at the surface, but always some distance 
beneath it. 

Under the same circumstances in the laboratory the 
intense frost proved fatal to many adult viviparous blennies 
and Montagu’s suckers, though only the surface of the 
sea-water in the large glass vessels was coated with the 
softish flakes of ice. The fluid in the ovaries of the 
pregnant examples of the former was frozen into a solid 
mass, as was also the liquid in the urinary bladder, yet 
the animals were surrounded in all cases by sea-water. 

Some | 

In the Report to H.M. Trawling Commissioners in 
1884 reference was made to the statement by Alex. 
Agassiz (Proceed. Americ. Acad. of Arts and Sct. xvii. 
p. 289, 1882) that the ova of several species of Cottus 
float. In his recent beautiful memoir along with Whit- 
man (Mem. Mus. Comp. Zool. xiv. part i. 1885), he again 
returns to the subject—giving figures and descriptions of 
the ova of the so-called Cottus grenlandicus, Cuv. and 
Val., which he found in a pelagic condition abundantly 
during the summer months, especially in July. The 
authors, indeed, appear to have met with the ova only op 
the surface of the sea, and do not seem to have identi- 
fied them with those in the ovary of the species indicated, 
which in our country is supposed to be only a variety of 
Cottus scorpius, L. Uniless, therefore, the Cottus graenlan- 
dicus, C.and V., of Prof. Agassiz, is a form very different, 
there is room for doubt in regard to this interpretation of 
its oviposition. 

The spawning of the Cotéz in this country wholly 
diverges. Instead of the issue of the eggs in detachments, 
as in most fishes with pelagic eggs, the ovaries of the 
Cott? become distended at the breeding-season with ripe 
eggs of a uniform size, which are generally deposited in 
amass at once—along with a transparent mucous secre- 
tion. When ejected into the water the eggs adhere to- 
gether, but at first they can hardly be lifted on account of 
the soft and yielding nature of the connecting medium, 
though they do not readily separate. In a few hours the 

| hardening of the connecting medium and the egg-capsules 
stiffen the outer layers of eggs, but the central region is 
still soft. The process of hardening is thus somewhat 
slow, and apparently depends on free contact with sea- 
water. Theseeggsare comparatively largeand thick-walled, 
as well as slow in development, the embryo being ushered 

| into the world in a much more highly organised condi- 
_ tion than in the embryos from pelagic eggs. There is, 
indeed, little resemblance between Agassiz’s form and the 
young Cotlus, which is considerably larger, is variegated 
with much pigment, has rudimentary lamellz (papillae) on 
the branchial arches, complex circulatory organs, and a 
small yolk-sac possessing a single large oil-globule ; and 
it shoots upward into the surrounding water like the 
young Lzparis and Cyclopterus. 

While the newly-hatched Coz¢ws therefore greatly sur- 
passes Agassiz’s type in complexity, there are certain 
marine forms, ¢.g. Anzarrhichas, which as greatly surpass 
Cottus. This will be evident when it is mentioned that 
the strongest embryos of the wolf-fish are much more 
highly developed on their escape from the egg than the 
salmon is for a week or two subsequently. Artificial 
stocking of the sea with the valuable food-fishes, such as 
the cod and haddock, would have been comparatively easy 
if their ova and embryos had been as readily handled 
and reared. However, since a noteworthy increase in 
tenacity has been observed in certain forms as soon as 
the yolk-sac has been absorbed, there is room in this 
respect for further investigation. 

THE HONG KONG METEOROLOGICAL 
OBSERVATORY} 

“THIS first-class meteorological observatory was erected 
in 1883, and the regular work of observing began 

on January 1, 1884. Weather Reports appear monthly, 
and we have now before us the observations and work of 
Mr. Doberck and his staff for the first two years. For 
the first two months the work was restricted to eye- 
observations, but meanwhile no time was lost in erect- 
ing the barograph, thermograph, anemograph, pluvio- 
graph, and sunshine recorder, which are similar to those 
in use at Kew; and from April 1, 1884, the Monthly 

¥ «Observations and Researches made at the Hong Kong Observatory in 
the Years 1884 and 1885.” By W. Doberck, Government Astronomer, 
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Reports include a continuous hourly record of the more 
important elements of the climate of Hong Kong. The 
buildings are erected on the peninsula of Kaulung, facing 
the harbour, on the top of Mount Elgin, a small eminence 
rising from the plain to a height of about 110 feet above 
mean sea-level. It may also be noted that the ground 
has been carefully turfed where the instruments are 
placed. In addition to the usual tabulations and their 
averages, the Monthly Report gives a carefully observed 
log of non-instrumental phenomena, such as dew, fog, 
unusual visibility, halos, and thunderstorms. 

The results show that the amplitude of the daily range 
of the barometer is greatest from November to February, 
when the rainfall is least and the air driest, the mean 
difference during these four months between the morning 
maximum and afternoon minimum amounting to 0'102 
inch. On the other hand, the mean of the four months 
from June to September, when the monthly rainfall nearly 
equals 12 inches, only amounts to o'069 inch. The 
diurnal range of temperature is small, being for the year 
only 5°5, the maximum, 7°'2, occurring in December, and 
the minimum, 40, in February. The daily minimum occurs 
at all seasons shortly before sunrise,and the maximum from 
1 to 2 p.m. during the dry season, but an hour later during 
the wet season. The hourly means for the tension of the 
aqueous vapour are very interesting, as showing very 
clearly for those months when the sunshine is daily prac- 
tically constant and the air relatively dry a minimum 
period during the hottest hours of the day ; whereas when 
the sunshine is much interrupted, the rainfall frequent, 
and the air moist, the daily maximum tension occurs at 
these hours. 

For the twelve months beginning March 1884, the 
greatest amount of sunshine was from noon to 2 p.m., 
and the least from 4 to 5 p.m., the former being per hour 
nearly double the latter. During the 22 months the 
greatest monthly number of hours of sunshine for any hour 
of the day was 26°3 hours from 9 to 10 a.m. of October 
1884 out of a possible 31 hours. From midnight to noon 
the mean monthly rainfall has been 4°98 inches, but from 
noon to midnight the amount has only been 2°73 inches. 
The four consecutive hours of largest rainfall are from 5 
to 9 a.m., amounting to 1’gI inch, and the four consecutive 
hours of least rainfall from 8 p.m. to midnight amounting 
only to 0’76 inch, or considerably less than half the former 
time of the day. The diurnal period of the rainfall of 
Hong Kong is remarkable as showing the maximum fall 
during the period of rising temperature, and the minimum 
when temperature is rapidly falling, the amounts for the 
six hours ending noon being 2°66 inches, and for the six 
hours ending midnight 1°24 inch. Future observations 
will doubtless modify in some degree the curve of daily 
rainfall, but from the general accordance of the fall of the 
individual months with what is indicated above, it is not 
likely that the change of the curve will be very material. 

The daily curves for the winds, both as regards velocity 
and direction, are very decided. The daily curve for 
wind velocity has, for Hong Kong, owing to its peculiar 
position with reference to the island and the continent, 
peculiar features of its own. Thus for the year the maxi- 
mum yelocity extends from 10 a.m. to 2 p.m., the means 
for these four hours being the same, while the minimum 
velocity extends from 6 to 10 p.m., the hour of least 
movement being from 7 to8 p.m. From midnight the 
wind rises to the daily maximum at 10a.m. The month 
of greatest force of wind is March, and of least August, 
the air-movement in the former month being nearly 
double the latter. As regards direction the wind is about 
E.N.E. in the winter and E.S.E. in the summer season. 
For the whole year, the mean direction is E. 3° S., and 
the diurnal variation from E. 5° N. at midnight to E. 15° S. 
at noon, the mean yariation being thus through 20°. 
During 1884 the total distance travelled by the wind was 
103,237 miles, and of these 63,349 miles, or more than 

half the whole, was east wind. The least frequent wind 
is N.W., which showed only 2053 miles. 

At a distance of about two miles from the Observatory 
an important station has been established on Victoria 
Peak, at which observations are made at 10 a.m. and at 
4 and Io p.m., and the results are published 7” exfenso in 
the Monthly Report. The height of this station is 1823 
feet above sea-level. These two almost contiguous 
stations, the higher being on a peak and the lower also 
on an eminence sloping directly down to the sea, form an 
admirable pair of stations for furnishing, in the best pro- 
curable form, the observational data necessary for some 
of the more important physical inquiries of meteorology. 
So far as we are aware, no pair of stations can be placed 
side by side with Hong Kong Observatory and Victoria 
Peak as affording the data for the physical inquiries re- 
ferred to, except Ben Nevis Observatory and the station 
at Fort William. 

Of these inquiries the important practical question of 
the rate of decrease of temperature with height may be 
cited as an example. The remarkable suitability of these 
two groups of stations for advancing this inquiry lies in 
the circumstance that in each case the upper station is 
situated on a true peak, thus reducing to a minimum the 
influence of the land in changing the temperature of the 
winds before arriving at the Observatory ; and that the 
lower station is on a rising ground near the sea and 
sloping down to it, thus minimising the disturbing effects 
of radiation. At Hong Kong the rate of decrease of 
temperature with height is 1° for 261 feet in winter ; 347 
feet in spring ; 262 feet in summer; 254 feet in autumn ; 
and 281 feet for the year. At Ben Nevis the rates are for 
the seasons 279, 251, 268, and 290 feet, and for the year 
270 feet--the results being thus closely accordant. On 
the other hand, such a pair of stations as Obirgipfel in 
Austria, on a peak 6706 feet high, and the neighbouring 
station at Klagenfurt, 1437 feet high, cannot furnish the 
data necessary to this inquiry owing to the circumstance 
that the lower station is situated in a deep valley. The 
result is that in January the difference of the mean tem- 
peratures of the two stations is less than 1°, although the 
one is 5269 feet higher than the other ; whereas in May 
the difference of their mean temperatures is 220. 

It is earnestly hoped that the publication z# extenso of 
the hourly observations at Hong Kong will not be limited 
to ten years, as seems to be hinted at in the Report, but 
that the meteorological observations and their publi- 
cation will be made a permanent part of the work of the 
Observatory. The unique position of Hong Kong with 
respect to the great continent of Asia and its meteorology 
will no doubt secure this object. 

CHOLERA IN ITS RELATION TO WATER- 
POA AVEN A 

pee epidemic of Asiatic cholera, which has been 
raging in Spain during the last two years, and which 

appears even yet to be lurking in some portions of that 
peninsula, has furnished some interesting data as regards 
its connection with water-supply, to which it would be 
wise in us to direct our attention, not only from the inter- 
esting nature of the facts as such, but also because it is 
not improbable that ere the disease quits Europe it may 
visit our own shores. 

Broadly speaking, it would appear that in Spain this 
formidable disease never became truly epidemic or dan- 
gerous in any city in which there was a pure and good 
supply of water, and proper means were taken to guard 
against the sources being polluted by any of the specific 
choleraic poison. 

In support of this idea I would desire to call attention 
to the cities of Toledo, Seville, Malaga, and Madrid, in 
contradistinction to such places as Aranjuez, Saragossa, 
Granada, and Valencia. I will commence with Madrid. 
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This city, whose population at the last census was 
397,816, suffered very severely indeed under the last 
epidemic of 1865, when during several days imme- 
diately following a very severe thunderstorm the num- 
ber of cases varied from 800 to 1200 per day. The 
first invasion of last year took place in Madrid on 
May 20, and the disease ran its course during the whole 
of the summer, gradually disappearing towards the end of 
the month of September. The total number of cases 
during the whole of the period was 2207, and the deaths 
1366. The total number of cases, therefore, during the 
five months that the disease never abandoned the city 
was barely more than what occurred during two days 
only of the epidemic of 1865, being little more than 4 
per cent. of the population. I think, therefore, we may 
safely say that the disease never assumed a truly epidemic 
form. The greatest number of cases, as was to be expected, 
took place during the months of July and August ; the first 
notable increase took place on July 25, and the first 
notable decrease on August 13. 

In connection with this it is interesting to note that 
Madrid was subject to severe thunderstorms during the 
latter end of July, and that 119 millimetres of rain fell 
during the month. These storms began on the 13th, and 
were especially severe on the 23rd, 24th, 26th, 27th, and 
3Ist, the first notable rise in the cases of cholera 
occurring between the 25th and 28th. As a general rule, 
no rain falls in Madrid in July, and the occurrence of 
these severe thunderstorms and heavy falls of rain was 
quite phenomenal. 

The new water-supply from the Guadarama Mountains 
was completed shortly before 1865, and the greater part 
of the drainage was also finished; but at that time the 
new water supply had scarcely come into use, the large 
majority of the houses being supplied from the old foun- 
tains which existed in various parts of the city. During 
the last twenty years the use of the Lozoya water has 
become very general, and an ample supply has been pro- 
vided for washing the streets and flushing the sewers. 

Madrid is now well drained ; the sewers are built upon 
the Paris model, and are not what an English engineer 
would consider as a good type for self-cleansing purposes, 
but the fall is, in almost every case, very great, and it is 
not probable that there can be any collection of foecal 
matter at any point. The connection of the street gulleys 
with the main sewers is made without any trap, and good 
ventilation is thus provided. As regards the outfall of 
these sewers, nothing satisfactory can be said. The 
mouths of the main sewers, which are seven in number, 
all discharge on the southern side, between the station 
of the Saragossa Railway and that of the Northern. 

The question of the proper disposal of the sewage in 
Madrid, as in London, has never been decided, and 
pending this decision the sewers were completed only as 
far as the outlying houses of the city, and the sewage was 
then allowed to find its way down to the Manzanares, in 
the best way it could. During the time the question has 
been awaiting a solution the town has extended, and 
houses have been built along the course of these open 
sewers. As might have been expected, the first serious out- 
break of cholera occurred about these spots, the original 
germ of the disease having been imported from the 
neighbourhood of Valencia, where the cholera was then 
raging. 

The existence of the disease having been established 
beyond doubt, one of the first acts of the Municipality 
was to attend to the water-supply. There existed 12 
ancient sources, which supplied 85 taps or fountains, 22 
of which were public ones, at which water-carriers were 
allowed to fill their barrels, and the remaining 63 
belonged to groups of houses. In spite of the excellent 
supply brought in from the Lozoya, these old sources 
were still a good deal used by the inhabitants—many, 
from old habits, preferring to use the same water which 
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their fathers had used, many not being willing to incur ~ 
the expense of laying on the new supply. In view of the 
impossibility of effectually guarding against the possible 
contamination of so many sources of supply, the Muni- 
cipality, by decree on June 18, closed all the old ones 
with the exception of that of La Fuente de la Reina, 
which supplied five public fountains and four private 
ones. The Central Government undertook the custody 
of the Lozoya aqueduct, the Municipality took charge of 
the Fuente de la Reina. The Lozoya water is drawn 
from the sources of the River Lozoya in the Guadarama 
Mountains, some 50 miles to the north of Madrid. 

The river takes its rise in the granite formation ; the 
water is excellent, and from the uninhabited condition of 
the country through which the river flows before the 
int ake, it is not exposed to direct contamination from any 
specific poison. From the intake to Madrid the water 
is conducted by a series of magnificent works, partly. 
covered, partly uncovered, to Madrid, where it is re- 
ceived in covered reservoirs before being distributed in 
the city; the service is continuous, no cisterns being used. 
During the whole time of the existence of cholera in the 
city the uncovered portion of the aqueduct was patrolled 
by armed guards, no one being permitted to approach 
without a special order. 
Accompanying the extensive Report of the Mayor of 

Madrid, Don Alberto Bosch, amongst other plates is an 
excellent map of the city, showing, by a red dot, the 
situation of every case of cholera that occurred ; they 
are seen pretty thickly scattered about the uncovered 
exits of the sewers, and on both sides of the River Man- 
zanares—which is, in fact, in summer an open sewer—and 
in the lower portion of the city overlooking the river, and 

| there is scarcely any part of the town where a dot is not 
to be found ; but, with the exception of the points men- 
tioned, the cases occurring in the remainder of the town 
seem to be all isolated ones; in extremely few cases do 
two dots occur together, showing that the disease was 
more of a sporadic than of an epidemic character. 

Now let us take the case of Toledo. This ancient 
capital of Spain is certainly not a city that could be 
taken as a model of sanitary arrangements ; on the con- 
trary, it seems to be admirably adapted to form a good 
nest for any wandering epidemic, and yet, although the 
cholera entered it in the summer of 1884, and did not 
finally leave it till the autumn of 1885, the total number 
of cases, according to official returns, did not exceed 200, 
of which about one-half were fatal. The population of 
Toledo is over 20,000, so that the percentage of choleraic 
disease was only about 1 per cent. of the population for 
the two seasons. 

Toledo was supplied with water from the River Tagus, 
which flows round the city, the water being lifted by 
pumps. Above Toledo, on the same river, is situated 
Aranjuez, and above Aranjuez again, on the Manzan- 
ares, which is a feeder of the Tagus, is situated Madrid, 
in both of which towns the cholera existed in 1885, being 
unusually severe in Aranjuez. The Governor of the 
province, recognising the suspicious character of the 
water, stopped the pumps, and obliged the inhabitants 
to send for their drinking-water to a distant spring; he 
even forbade any one to bathe or wash clothes in the 
river. The measure was a strong one, but it saved the 
city. 

Let us next take Seville. Seville is an important city, 
the third in rank in Spain; it contains, according to the 
census of 1877, 134,318 inhabitants ; it has, strictly speak- 
ing, no drainage ; a few ancient sewers exist for carrying 
off the rain-water from the lower portion of the city, but 
sewerage for houses does not exist. The sewage goes 
into cesspools, which are, in most cases, situated just out- 
side the house, and under the street ; the inhabitants are 
extremely cleanly in their habits, and the outsides of 
their dwellings are constantly whitewashed, but it is not 

a 
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a healthy city—typhoid fever is endemic, and the death- 
rate rises in some parishes to 35 per mil. 

Seville is situated on the River Guadalquiver, of which 
the Rivers Darro and Genil, that flow through Granada, are 
feeders ; as regards its water-supply, one suburb of the 
city, called Triana, containing about 30,000 inhabitants, 
is situated on the western side of the river. This portion 
is almost entirely inhabited by the poorer class, and 
they drink generally the water of the river. 

The rest of the town is supplied from an ancient 
Roman or Moorish aqueduct, the water being brought 
from an underground spring near the town of Alcala, 
about nine miles to the east of Seville; this water is 
carried by a tunnel about two miles in length under the 
town of Alcal&; it is then carried in a covered conduit 
to within a short distance of Seville, and from thence by 
an aqueduct made by the old Moors. The water is 
excellent. 
An English Company has quite lately erected engines 

at Alcala, by means of which they pump up to a covered 
reservoir above the town the water from two other springs, 
situated also at Alcala, but on the opposite side of the 
river Guadaira, which flows past the town. This water 
is carried from the reservoir into the town by iron pipes, 
and distributed under considerable pressure ; in character 
it is pure and excellent ; the springs rise from the base of 
the sandstone at a short distance from the engine-house, 
and are carried across the river by an iron pipe. The 
cholera broke out in Granada on July 14, 1885, but 
already on June 14 of the same year the authorities of 
Seville, by way of prevision, had prohibited the use of any 
water from the river, either for dietetic or other purposes ; 
had authorised the English Company to lay a temporary 
pipe across the bridge which connected the city with the 
Triana suburb, and had opened a number of free taps 
from which the inhabitants of this suburb could draw the 
new water, 

The old Moorish supply was scarcely susceptible of 
contamination, as the conduit was covered for the greater 
part of the way, and where it ran over the aqueduct no 
one but the Municipal guards had ever been allowed to 
pass; guards, however, were stationed day and night on 
the springs from which the English Company derived 
their water, and no one was allowed: to approach them 
without permission. 

The cholera raged fearfully in Granada during the 
months of July, Auzust, and September; it descended 
the River Genil, which runs through Granada, and 
attacked the towns of Herera, Ecija, and others in the 
province of Seville. It broke out also at Cordova and 
other towns on the Guadalquivir, of which the Genilis an 
affluent, and it broke out in Palma, Utrera, Puerto Real, 
Puerto Santa Maria, and Cadiz, forming a circle round 
Seville, but the city itself escaped almost completely. 
Towards the end of September nine cases occurred in one 
quarter of the city, of which seven were fatal, but the disease 
did not spread ; none of the five houses in which these cases 
occurred were connected on to the water-supply, and it is 
possible they may have used well or river water, al- 
though this is not known. Jerez, which lies about half- 
way between Seville and Cadiz, and close to the town of 
Puerto Santa Maria, which was attacked by cholera, 
escaped also from the disease. This town possesses a 
very excellent water-supply, brought down some few 
years ago from a spring in the mountains by a native 
Company, at a cost of 300,000/. 

Malaga has a population of 115,882. This city is 
in even a worse sanitary condition than Seville as 
regards its drainage, and a great deal worse as regards 
its cleanliness. In the old portion of the town the streets 
are narrow, unvyentilated, and intolerably filthy ; the 
climate in summer is almost tropical. 

It is difficult to obtain reliable data as to the cases of 
cholera in Malaga, as attempts were made to prove that | 

no real cholera existed in Malaga ; but there can be no 
doubt that from June to September the cholera did exist, 
and it is probable that during the whole of the summer 
there occurred some 200 or 300 real cases of Asiatic 
cholera. But the disease never became epidemic, although 
to all appearances the city offered a most excellent medium 
for the propagation of the disease, and on all former 
visitations had suffered very severely. But Malaga during 
the last few years has been provided with an excellent 
water-supply drawn from some springs situated at Torre- 
molinos, on the coast to the westward of the city, and 
piped from thence into the city ; and although the pre- 
cautions adopted were not so complete as those at Seville, 
yet a more or less successful attempt was made to pre- 
vent the use of any other water than that brought from 
Torremolinos, 
We have now examined the case of the few towns in 

Spain that possess a pure supply of water drawn from 
springs not liable to any specific con‘amination, and we 
have seen that, in all cases where such a supply existed, 
the cholera, although present in all of them, never made 
any headway or became truly epidemic, although in every 
case, except that of Madrid, there was no proper drain- 
age, and the sanitary conditions were in many Gases as 
bad as they could be. 

Let us now look on the other side of the picture. We 
will commence with Granada—population 76,005. As 
regards its sanitary arrangements this city is on 
a par with Malaga; about one-tenth of the town is 
drained, but the sewers are of a very inferior class. 
The city is supplied with water by canals derived from 
the Genil and Darro, the two rivers which serve to irrigate 
the magnificent plain which spreads round it. A small 
portion is supplied from a spring called La Fuente Grande 
de Alfacar. The canals are uncovered, and are exposed 
to all kinds of contamination. 

Through the streets the water is conducted in earthen- 
ware pipes, after the style of the Moors; many of the 
pipes are the original ones put down by these people 
before the conquest of the city by Ferdinand and 
Isabella. The cholera broke out about the middle of 
July. Itis supposed to have first been brought in by 
some labourers who had arrived from Murcia, where the 
cholera was raging. It spread with frightful rapidity, and 
by the middle of August the official number of cases 
reported was over 450 perday. It died out, or rather 
wore itself out, about the middle of September. The 
total official returns give a total of 6471 cases and 
5093 deaths, but in the city itself these returns are said 
to be much under-estimated ; some, indeed, say the 
numbers should be doubled. 

No attempt was made, as was done at Toledo with 
such excellent results, to suppress the old water-supply, 
and the epidemic took in a short time such alarming 
proportions that the local authorities were completely 
paralysed. It was difficult to carry on the interment of 
the bodies, and at one time from 400 to 500 corpses were 
lying piled up in the cemetery, awaiting interment. 

The course of the cholera may be followed down the 
Rivers Darro and Genil, the infected waters carrying 
death wherever they were used for drinking-purposes. 

Murcia—population 91,805—from which the cholera 
was imported into Granada, suffered heavily also. It was 
carried into the plains of Murcia by the waters of the 
River Segura from the baths of Archena, and it was im- 
ported into Archena by some invalid soldiers who were 
sent to the baths from the infected district round 
Valencia. The plain of Murcia is irrigated by the 
waters of the Segura, and the disease commenced in 
this district with the death of a labourer who had 
drunk the water of one of the irrigation channels. 
The inhabitants of Murcia and of the plain use prin- 
cipally water from the irrigation canals or from the river ; 
this water is usually stored in large jars similar to those 
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which held Ali Baba and his forty thieves, and amongst 
well-to-do people it is customary to keep a year’s supply 
in hand; that is to say, the water is allowed to repose for 
one year before use in a reservoir or “algibe,” con- 
structed on purpose, or in some of these large jars sunk 
up to their necks in the ground; by this means it be- 
comes perfectly clear, cool, and palatable. The poorer 
classes are, as a matter of course, not able to take these 
precautions, and have to drink the water from the canals, 
or after a few days’ repose only. 

The epidemic raged principally amongst the little 
cottages scattered thickly over the plain or garden, as it 
is called, but the disease never developed itself in Murcia 
as it did in Granada, and the city itself escaped better 
than might have been expected. May this not be attri- 
buted to the fact that the greater part of the people in the 
city were drinking water collected in the foregoing year, 
before the cholera had appeared on the sources of their 
water-supply? And if this be so, may we not anticipate 
a fresh outbreak this year, if the choleraic poison or 
germs are capable of outliving a year’s repose and dark- 
ness? 

In reference to water-supply and cholera, no case is so 
instructive as that of Valencia. This city is fairly well 
drained, as drainage goes in Spain, and as regards 
cleanliness is certainly in a better situation than Malaga 
or Granada. The water-supply is derived from the River 
Turia; it is taken from the river near the town of Man- 
ises, about three miles and a half above Valencia; it is 
passed through sand filters situated between Manises and 
Mislata, and is stored in a covered reservoir, from 
whence it is conducted by iron pipes, a distance of about 
one mile and a half into the city. 

In one of the interesting letters written by the special 
correspondent of the 77es during his tour of inspection 
of the cholera districts, a very clear description is given of 
the track taken by the cholera from its starting-point in 
Alicante, where it had broken out at the latter end of 
1884, to Valencia in 1885. During the course of the 
year 1884 the disease had crossed the frontier of the 
provinces of Alicante and Valencia, and established itself | 
at Jativa, a somewhat important town, situated on one of 
the affluents of the Jucar—this and the Turia being the 
two rivers whose waters are used for the irrigation of the 
wonderful ‘‘ Huerta,” or Garden of Valencia. During the 
winter the disease lay dormant, but it broke out in the 
spring of 1885, and travelled rapidly down the river to 
Alcira, attacking the various towns situated on the river 
itself, or on the canals derived from it. 

The epidemic was severe at Alcira, but, as the Zzmes 
correspondent suggestively remarked, it ceased so soon 
as the inhabitants gave up drinking the river-water, and 
took their supply from a spring situated at a considerable 
distance from the town. From Alcira it travelled across 
the network of canals till it reached the river Turia. The 
Times correspondent says :— It came very near Valencia, 
and yet never touched the capital till it had worked right 
round.” 

At last, in the middle of May, having crossed the 
water-supply of the city and thoroughly infected the river, 
it attacked the city right royally, and by the end of June 
the number of cases had risen to 700 daily, out of a popu- 
lation of 143,861. The disease died out in September, 
having, according to the official accounts, attacked during 
the four months 4234 people. 
We will now turn to Saragossa. Saragossa, the capital 

of the ancient kingdom of Aragon, is situated on the 
right bank of the River Ebro; it contains 84,575 in- 
habitants, and is an important city. Like most Spanish 
towns and cities it has no sewers; fcecal matter is col- 
lected, as in Seville, in cesspools, which are periodically 
emptied. 

Its principal water-supply is derived from the Canal de 
Aragon, which in its turn draws its supply from the Ebro, 
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near Tudela. This canal was intended principally for 
navigation, and is now used for this purpose, and also for 
irrigation. It passesat a short distance above Saragossa, 
and the town supply, after being drawn from the canal, is 
stored in reservoirs, and, after depositing its mud, is then 
passed through charcoal filters. Some of the inhabitants 
of the city drank the water from an irrigation canal taken 
from the River Jalon; some used the waters of the Ebro, 
which flows close past the old walls of the city. 

The disease broke out in Saragossa shortly after the 
middle of July, and the number of cases during the time 
the epidemic raged was close upon 10,000, The propor- 
tion of deaths was small, thanks to the heroic and 
energetic conduct of the authorities and the people. Some 
time before the commencement of the disease in the city a 
number of small towns on the banks of the Ebro and the 
Jalon had been attacked by the cholera; there was there- 
foreample opportunity forthe infection of the water-supply. 
Against such contamination the only protective measure 
as regards the general supply was the filtration through 
charcoal; as regards the Jalon water, there was no pro- 
tection. This source of supply was, however, ultimately 
stopped by the authorities, who prevented the water 
reaching the city, with a notable result as regarded the 
decrease of the epidemic in the quarter served by 
them. 

It would be interesting to follow out still further the line 
of inquiry I have adopted, but the examination would be 
too prolix for the present purpose. Thecases I have pre- 
sented are typical ones; they might be increased ad 
libitum, but I think they are sufficient for my purpose. 
From an examination of them it would appear as 
though, in the case of cholera, drainage and sewerage is a 
secondary subject, the primary one being the water- 
supply. We have seen that the cities of Toledo, Seville, 
and Malaga, although in bad conditions as regards their 
sewerage and general sanitary arrangements, yet escaped 
from any serious attack of cholera, whilst Murcia, 
Valencia, and Saragossa suffered most severely, although 
in their case the sanitary arrangements were certainly not 
worse, but if anything better, than the three former cities. 
But, in the case of the three first-named cities, each one 
enjoyed a supply of water drawn from springs situated at 
a distance from the city, and carefully watched and 
guarded to prevent any contamination, and the exclusive 
use of this water was rendered imperative by the 
authorities. 

In the case of Valencia, Saragossa, and Murcia we have 
a supply drawn from rivers subject to contamination from 
various sources, against which the only protection was 
that furnished by the doubtful process of filtration. 

There can be no doubt that the cholera attacks in pre- 
ference those who live under unsanitary conditions, and 
whose habit of body is by this means prepared to receive 
the germs of any disease that may be prevalent. 

There is no doubt that the virus can be conveyed about 
from one place to another, like small-pox, typhus, and 
various other diseases, either by clothes or in the human 
body, and where it finds a proper medium it will develop 
itself and extend ; but, like these other diseases, it can in 
these conditions be isolated, fought, and conquered, but 
without doubt the medium far excellence for the spread 
of cholera-poison is water, and more particularly so when 
water so infected is used for dietetic purposes. 
When it gets possession of the water-supply of a city, 

no bounds can restrain it ; there is but one resource, and 
that is the cutting off of the water. 
We do not yet know in what the choleraic poison con- 

sists ; it is in all probability a micro-organism of some 
sort which is capable of very rapid development in water, 
but it cannot be yet said what is the particular micro- 
organism which produces cholera. The “comma Ba- 
cillus” of Koch has not been accepted by the scientific 
authorities; on the contrary, very high ones deny 

~— 
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altogether its identity with cholera, and assert that it 
is to be found in the mouth of every healthy person. 
Whatever the specific germ may be, it is at least doubtful 
whether any filtration will intercept it; from the ex- 
perience obtained at Valencia and Saragossa it appears 
evident that neither sand nor charcoal will do so. 

In a paper read recently at the Institute of Civil En- 
gineers, Dr. Percy Frankland asserts that the London 
Water Companies do, at the present moment, eliminate 
96 per cent. of all the micro-organisms in the Thames 
water by simple filtration through 3 feet of fine sand. 
This may be so, but it is equally certain that filtration 
through sand, even at a very slow speed indeed, will not 
eliminate the minute particles suspended in waters of a 
deltaic character, and which gives such waters their 
peculiar colour. If sand is incapable of intercepting 
these particles, it may also be incapable of intercepting 
the specific germs or poison that produce cholera in the 
human body. 

Filtration is, at the best, but a doubtful proceeding for 
the purification of water. It is impossible to control 
effectually the speed of the filters ; they vary at every 
moment, and although a mean term may be arrived at 
by taking the area of the filter-beds and the volume of 
water filtered in the twenty-four hours, yet this really 
affords no reliable guide as to the actual speed at which 
the water has passed the filters. It is probable—nay, 
almost certain—that, out of a given quantity of water, 
no two gallons have passed at the same speed, and it is 
possible and probable that one-half of the total volume 
may have passed the filter at double or treble the speed 
of the rest. 

To insure immunity from contamination, the only real 
and practical method appears to be that of capturing the 
water at a pure source and conducting and delivering it 
in such a way as to render it impossible that any specific 
germ or poison should have obtained access to it. Inthe 
matter of cholera, for instance, with the experience of 
Valencia and Saragossa before us, one cannot feel any 
confidence in water which is taken from a river liable to 
so many sources of contamination as is the Thames, and 
it is at least doubtful whether any system of filtration 
would be capable of eliminating cholera-poison from such 
waters. It is extremely probable that simple filtration 
through sand will not do it. 

The very interesting series of letters published by the 
Times on the subject of cholera in Spain afford much 
valuable data as to the causes of the disease, or rather as 
to its mode of propagation. It is unfortunate that the 
writer seems to have gone out with a preconceived idea 
that the cause of the propagation of cholera was defective 
drainage, and consequently to have devoted the greater 
part of his time to the examination of the sewerage of the 
various towns he visited, and of their general sanitary 
arrangements, the water-supply being as a rule relegated 
to the second place. Heappears to be a strong advocate 
for traps, and not to be aware that the best sanitary 
authorities of the present day are beginning to doubt very 
strongly the utility of traps, and to rest their practice 
rather on the thorough ventilation of sewers, the rapid 
discharge of their contents, and a complete disconnection 
between the house drainage and the main sewers. 

It is not too late for some scientific investigator to go 
over the track of the cholera invasion in Spain, to trace 
the progress of the disease in the towns it visited, and 
ascertain all the facts connected with their drainage and 
water-supply, and also, what is not less important, 
examine the conditions of those towns which so far have 
enjoyed a practical immunity from the epidemic. As 
much is to be learned from this negative evidence as from 
the other. 

Pending the discovery by scientific men as to the par- 
ticular germ or poison that creates cholera, such a practi- 
cal examination as I suggest would be of immense value 

to us, by teaching how the propagation of the disease is 
principally brought about, and what are the best means of 
preventing it. GEORGE HIGGIN 

NOTES 

THE Royal Society conversazione, on June 9, was in all 
respects satisfactory. We can only afford to refer briefly 

to a few of the exhibits which attracted the interest of 
the numerous visitors, who were received by Professor and 
Mrs. Stokes. A room was devoted to telephones con- 

nected with the Savoy Theatre, and the company were de- 
lighted to hear the Mikado under such noyel conditions. The 

models of the Romano-British village near Rushmore, on the 
borders of Dorset and Wilts, between Salisbury and Blandford, 

exhibited by Lieut.-Gen. A. Pitt-Rivers, F.R.S., attracted 

much attention. The rare earths from samarskite, gadolinite, 

&c., with illustrations of their phosphorescent spectra, exhibited 
by Mr. W. Crookes, F.R.S., were magnificent. The pumice, 
volcanic ash, drawings, diagrams, &c., illustrative of the effects 

produced by the great eruption of the island of Krakatao, Java, 
in August 1883, exhibited by the Krakatdo Committee of the 

Royal Society, proved very attractive, as did the fine collection 

of astronomical photographs exhibited by Mr. Common, Dr. 

Gill, the Solar Physics Committee, and others. At 9.30 and 10.30 

the stellar and solar photographs were demonstrated, and at Io 
Mr. Common demonstrated the photographs of nebule and 
comets. The first series included the stellar photographs recently 

taken by the Brothers Henry at the Paris Observatory. The 
remaining photographs had reference to solar phenomena, and 

consisted of two series, one from Meudon, the other from Kensing- 

ton ; the former, contributed by Dr. Janssen, had reference to 

the minute portion of the solar surface ; the latter, tosome recent 

attempts to photograph the spectra of sunspots and prominences, 
The photographs of planets, comets, and nebulz, exhibited by 

Mr. A. A. Common, F.R.S., consisted of (1) series of photo- 

graphs of Saturn; (2) series of photographs of Jupiter; (3) 
photograph of Mars ; (4) nucleus of the great comet 1882; (5) 

the Dumb-bell Nebula; (6) the Crab Nebula; (7) the Spiral 

Nebula ; (8) the Great Nebula in Andromeda ; (9) series of photo- 

graphs of the Great Nebula in Orion, with exposures of I min. to 
80 min. (the above were all taken with the 3-foot reflector at 

Ealing) ; (10) recent photographs of Saturn, Jupiter, and the 

nebulz in the Pleiades, by the Brothers Henry. 

AT the annual meeting of the American Academy on May 25, 

it was voted to present the Rumford gold and silver medal to 

Prof. Langley, of the Alleghany Observatory, for his researches 

on radiant energy. 

THE thirteenth annual meeting of Scandinavian naturalists 

will take place in Christiania between July 7 and 12. 

WHILE Mount Etna has again quieted down during the past 

week, volcanic energy has manifested itself at the Antipodes in 
an unexpected quarter. Though the North Island of New 

Zealand is known to be greatly volcanic, and has in Tongariro 

an active volcano, there has been no destructive eruption 

within the memory of man. The eruption therefore tele- 
graphed on June 10 was quite unexpected, It occurred in the 
Tarawera district, on the east side of the Tarawera Lake, lying 
in a line between the Bay of Plenty and the mouth of the Wan- 

ganui River, It is a long way north from Tongariro, and in the 

midst of the wonderland of Rotomahana’s hot springs and many- 
coloured terraces. The country is stated to be in a disturbed 

state for many miles around, and it is estimated that a hundred 

natives and ten Europeans have perished. 

A sHock of earthquake was felt on Friday night at Sandy 

Hook and Coney Island, New York, U.S, 



154 NATURE | ¥une 17, 1886 

AN earthquake was felt at Bougie, Algeria, on June 10; no 

accidents are recorded. On the same day a heavy thunderstorm 
raged in the vicinity of Versailles. The lightning struck a tent 

at Sautenay camp; sixty soldiers were lying under it ; many 

were hurt, but none killed. 

ARRANGEMENTS are in progress for the establishment of an 
aquarium and winter garden in Stockholm. 

DURING the present summer a university will be opened at 

Tomsk, in Siberia, the first of its kind in this part of the Russian 

Empire. At first it will consist of two faculties—a_historical- 

philological one and a physical-mathematic. It already possesses 
a library with 50,000 books, a very valuable palzeontological 

collection, presented by Duke Nicolaus of Leuchtenberg. 

Ear Ly last year the East Indian section of the Dutch Royal 

Institution of Engineers published some prize questions for 

essays. One of these subjects was the theoretical methods and 
calculations used when making deductions from observations on 
earthquakes, together with positive data as to the situation of 
the point of egress of a given shock. The first prize of 159 

guilders and a diploma was awarded to Prof. Milne of Japan. 
He also received honourable mention for an esszy on another 

question respecting the application of the theoretical principles 
of seismological science to the art of house-building, especially 

in the Netherlands Indies, the prize committee at the same time 

asking for permission to use his observations and suggestions in 

a work under preparation by one of the members of the com- 
mittee, who has studied Javanese seismological phenomena and 
Javanese methods of architecture. 

IN a paper in the last number of the Yoz7nal of the American 

Oriental Society Dr. Martin, the head of the Foreign College at 

Pekin, writes on the ‘‘ Northern Barbarians ” of Ancient China, 

or the tribes which harassed the northern frontier. The eth- 
nology of these and other tribes inhabiting China and the 
adjacent regions is at present engaging much attention from 

Oriental scholars, and especially in England that of Prof. de 
Lacouperie. Dr. Martin confesses that we are still in darkness 

respecting the ethnology of these northern tribes. Even in 
regard to the great tribe of Hiongnu, which is conspicuous in 

history for many centuries about the commencement of the 
Christian era, it has been much disputed whether they were 
Turks, Huns, or Mongols. Dr. Martin thinks that these tribes 

of prehistoric times were probably not inferior to the Chinese in 

form, feature, or natural intelligence, as their descendants, the 

Manchus and Mongols, are not inferior in any of these respects. 

In reply to the question were they originally of one mould, or 

have the lines of distinction become gradually effaced by the 
intercourse of ages, he thinks the latter the correct hypothesis. 

He believes that the primitive Chinese type, that imported by the 
immigrants who founded the civilisation of China, is no longer 

to be discerned. In the southern and central regions it has 
everywhere been modified by combination with the aboriginal 
inhabitants, leading to provincial characteristics, which the prac- 

tised eye can easily recognise. It has probably undergone a 
similar modification in the northern belt, where it met with 

tribes akin to those of Mongolia, and gradually absorbed them. 
This process was going on in prehistoric times; history at its 
earliest dawn shows us the unassimilated fragments of these 
tribes, and at the same time discloses a vast movement south- 
ward all along the line. In the historic period these tribes, 

organised into great states, established in China a dominion 

enduring for centuries. They have, Dr. Martin thinks, stamped 

their impress on the people of this region as thoroughly as the 

Saxons have theirs on the people of England, or the Vandals 
theirs in that part of Spain which still bears their name in the 
form of Andalusia. In their turn the invaders have been sub- 
jected, in all ages, to influences under which they exchanged 

barbarism for such civilisation as they found among the more 

cultivated race. 

THE assertion that from the top of the Eichel tower communi- 
cation could be established with Dijon, a place situated 304 

kilometres from Paris, is not quite correct. The altitude of 
this proposed monument being only 300 metres, the radius of 

the horizon could not exceed 80 kilometres, if we disregard the 
inequalities of the surface. But the mountains which separate the 
basin of the Seine and that of the Rhone, which are in Céte d’Or, 

although not very lofty, may possibly be perceived from an eleva- 

tion of 300 metres at Paris, under the most favourable circum- 

stances, and they are not very far from Dijon. Practically such 

a tower could be used for placing Paris in communication with 
any army occupying these mountains. These facts are suffi- 

ciently proved by the success of the great triangulation executed 

by Col. Perrier between the province of Oran and the Sierra 
Nevada at a distance of over 200 kilometzes. The question is, 

if it is possible to erect this structure, whether it is worth the 
money required to build it, and whether the effect will not be to 
destroy all harmony in the great Exhibition. This question is 
not settled yet. 

Wir?H reference to Mr. Caldwell’s observations in which he 
found that Monotremes are oviparous with mesoblastic ovum, a 

correspondent sends us the following quotation from a work by 
Robert and Thomas Swinburn Carr, entitled ‘‘ The Literary 
Pancratium,” foot-note on p. 8 (London, 1832) :—‘‘ But this is 

New Holland, where it is summer with us when it is winter in 

Europe, and vice versa ; where the barometer rises before bad 
weather, and falls before good ; where the north is the hot wind, 

and the south the cold ; where the humblest house is fitted up 

with cedar ; where the fields are fenced with mahogany, and 
myrtle-trees are burnt for fire-wood ; where the swans are black 

and the eagles white ; where the kangaroo, an animal between 

the squirrel and the deer, has five claws on its fore-paws, and 
three talons on its hind-legs, like a bird, and yet hops on its 
tail; where the mole lays eggs, and has a duck’s bill; where 
there is a bird with a broom in its mouth instead of a tongue ; 
where there is a fish one half belonging to the genus Raja and 
the other to that of Sguwa/ws ; where the pears are made of wood, 
with the stalk at the broader end; and where the cherry grows 
with the stone on the outside.—Field’s Mew South Wales, 
p. 461.” 

Just as improved machinery, adopted in a locality to which 
the old trade was a stranger, through not being there hampered 

with old customs and much invested capital, may bring with it the 
future trade, so an intelligent and rapidly-progressing nation like 

Japan, by the free choice of the latest improvements in educa- 
tional organisation from both Europe and America, may even 

have something to teach. Hence the United States Bureau of 
Education has lately published a circular containing a statistical 
survey of the system now adopted there. There is a Minister of 
Education over all; candidates for school committees are 

nominated by each locality—either a large city or a province— 

into which the country is divided ; a selection is made from 

them by the Governor, and the chosen members are paid. There 
are schools of general education divided into three grades, to 
pass through all of which occupies eight years. The study of 
literature gives the choice of either Japanese or Chinese, the 

former requiring three years, the latter four. English, or if 
preferred, French or German, is required to be learnt in all 

middle-class schools, as well as in the highest. At the one 
University a course of instruction in the department of science 
is provided in mathematics, physics, chemistry, biology, astro- 

nomy, engineering, geology, mining, and metallurgy. There 
are astronomical and meteorslogical observatories, botanical 

gardens, and museums. Courses are provided in medicine, 

leading up to a special degree after a course of five years, and in 

rut: erre eee: 
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pharmacy after a “course of three. Independent of the Uni- 
versity are the Military Academy and the Engineering College, 

the last two out of the six years’ course of the latter being spent 
in practical applications. Technical education is divided into 
chemical and mechanical There are higher schools in the 
country for nearly every special purpose; but with all this care- 
fully- proportioned system the titles and objects of thirty societies 

show how thoroughly the English system of voluntary associa- 
tion is making its way as a method of supply to educational 
demand. 

ON presenting to the St. Petersburg Academy of Sciences his 
new researches into the language of his ‘‘ Codex Comanicus,” 
published by Count Kunn, Prof. Radloff made a few remarks 
well worthy of attention (Bul/-tin, vol. xxxi. No. 1). After 

haying carefully catalogued all words appearing in the ‘‘ Codex,” 
Prof. Radloff has collected, under each separate word, the words 
akin to it in different Turkish dialets, so as to show their kinship 

at once. It appears that the Comanic dialect belongs to the 
great group of Turkish dialects which M. Radloff describes as 
the Kypchak group; the parent language having been spoken 
from the ninth to the thirteenth centuries by those Tartars who 

inhabited the Steppes from the Altai Mountains to the Black 

Sea, They now comprise the Abakan Tartars, the Barabintsys, 

the Irtysh and Kazin Tartars, and the Kirghizes. The ‘‘Codex” 
thus offers a sample of the o'dest language spoken by the 
Kypchak stem After having concluded his researches into 
this dialect, Prof. Radloff will devote his attention to the Uigur 

languages, for which we have so rich a material; and then he 

will take up the third group of the Saldjuck lanzuagex. Only 
after such an inquiry, he says, may we hope to attain a thorough 

knowledge of the whole of the Turkish languages, because all 
the newer material, and much of the older, belongs to the arti- 
ficial written languages. The Osman and the Jagatai (or East 
Turkish) dialects are not representatives of defined groups of 

dialects, but artificial languages based, the latter on the Uigur 
language, and the former on the Seljuk, with a mixture of dif- 

ferent other dialects. As to the Kazan written language, it is a 

most varied mixture, in which Osman are min zled with Djagatai 

forms, while the people are acquainted with neither of them. 

WE have received the Proceedings of the Windsor and Eton 
Scientific Society for the past year. It contains reports of a few 
lectures on general scientific subjects. We do not see any evi- 

dence of that local scientific work for which these societies are 

so remarkable, and which is the most beneficial outcome of their 

activity. Still, the President, who must be a good judge, in his 

address for the year states that the Society is steadily but surely 

making its mark as one of the many aids to intellectual improve- 
ment which are offered to the people of Windsor and the neigh- 

bourhood by the Albert Institute and the various societies 
associated with it. 

COMMENT was made in this journal on a recent date re- 
specting the enemies of frogs. Mr. W. August Carter, of the 
Fisheries Section of the Colonial and Indian Exhibition, has 

made further observations upon the subject, and finds that the 
tortoise must be added to the list of foes. With a view of sub- 
stantiating this fact Mr. Carter placed some medium-sized frogs 

with several tortoises of the same dimensions, when the latter 

immediately attacked them ferociou:ly, and held them firmly by 
the legs, notwithstanding their efforts to escape. The tortoises 
were, however, unable to devour more thana portion of the leg, 
which they did with much apparent difficulty, the frogs afterwards 

escaping, but only to be recaptured and similarly treated. Con- 
sidering the tortoises measured only 1} inches in length, they 

displayed remarkable courage, whilst their agility was certainly 
greater than that usually displayed by these members of the 
Chelonian family, 

A very large specimen of the Ascension turtle died at the 
Colonial and Indian Aquarium last week. It was the only one 
of this species on view, and had been the object of considerable 
notice on account of its colossal proportions. As a further proof 
of the tenacity of life amongst turtles, it may be remarked that 
this particular specimen had existed more than two months with- 
out food. At its death 100 eggs were found in it, the retention 
of which doubtless proved fatal to the turtle. 

THE additions to the Zoological Society’s Gardens during the 
past week include an Ourang-Outang (Stmia satyrus 9) from 
Borneo, presented by Mr. H. H. Riccard; a White-handed 

Gibbon (/7yZodates Jar) from the Malay Peninsula, a Binturong 

(Arctictis binturong &), a White-whiskered Paradoxure (Para- 

doxurus leucomystax) from Malacca, presented by Mr. Dudley 

Hervey ; a Binturong (Arctictis binturong) from Malacca, pre- 
sented by Capt. Robert Hay ; a Common Genet (Genetla vul- 

garis), South European, presented by Mr. J. Church Dixon; a 
Macaque Monkey (Afucacus cynomolgus  ) from India, presented 

by Miss Grace Balfour; a Green Monkey (Cercopithecus calh- 

trichus §) from West Africa, presented by Mr. Duncan Arm- 

strong ; an Indian Civet (Viverriculs malaccensis 8) from India, 

presented by Capt. Archibald Douglas, R.N.; a Herring Gull 

(Larus argentatus), British, presented by Mr. C. A. Marriott ; 
two Black-billed Tree Ducks (Dendrocygn1 arbor-a), a Violazeous 
Night Heron (Mycticorax violaceus), a Brazilian Cormorant 
(Phalacrocorax brasilianus), a Fugitive Snake (Dremicus fugi- 

tivus) from the Bahamas, presented by Mrs. E. Blake; two 

Mexican Guans (Penelope purpurascens) from Mexico, presented 

by Mr. E. A. Clowes; a Garden’s Night Heron (Wyctecorax 

garden) from St. Kitts, West Indies, presented by Dr. A. Boon, 

F.R.C.S. ; seven Common Vipers (Vipera berus), from Hamp- 

shire, presented by Mr. Walter Blaker; four Three-toed Sand 

Skinks (S:fs wtidactylu:), South European, presented by 

Mr. J. C. Warbury; a Puma (felis concolor) from South 

America, a White-handed Gibbon (Hylodate; lar) from the 

Malay Peninsula, ten Adorned Ceratophrys (Ceratophrys ornata) 
from Buenos Ayres, deposited; two Viscachas (Lagostomus 
trichodactylus 9 2), two Crossed Vipers (Craspedocephalus alter- 

natus) from Buenos Ayres, a South American Flamingo (Phenico- 

plerus ignipalliatus), a Roseate Spoonbill (Platalea ajaja) from 
South America, a Harnessed Antelope (Zvageliphus scriptus), 

two Balearic Cranes (Baleart-a pavonina) from West Africa, 

two Lineated Kaleeges (Zuplocamus lineatus 8 §) from Tenas- 

serim, a Porose Crocodile (Crecodilus porosus) from Ceylon, a 

Bald Ouakari (Brachyurus calvus 6) from Brazil, purchased ; a 

Burrhel Wild Sheep (OQvis durrhel), born in the Gardens. 

OUR ASTRONOMICAL COLUMN 

THe MELBOURNE OBSERVATORY.—We have received Mr. 
Ellery’s Report, dated October 6, 1885, which refers to the year 
ending the previous June 30. The great reflector, after some 
slight repairs, readjustments, &c., is stated to be in excellent 
working order. The work done with this instrument has been 
chie‘ly confined to a revision of southern nebulee, already observed 
by former observers, preliminary to publication. One hundred and 
seventy-two nebulz have been re-observed and re-drawn to com- 
pare with the plates to be published. Many of these nebula have 
been observed twice, and some three times, and none were com- 
pleted until they had been observed on a first-class night. The 
new transit-circle with object-glass of 8 inches aperture, con- 
structed by Messrs. Troughton and Simms, has been in con- 
tinuous use for all the meridian work of the Observatory since 
August 22, 1884, and has proved very satisfactory in every 
respect. The number of right a cension observations obtained 
with this instrument since its erection was 2287, and the 
number of declination observations 983, comprising obser- 
vations of a list of stars selected by Dr. Auwers for 
reduction of zone and Transit of Venus observations, stars 
observed with comets, and stars selected from the Mel- 
bourne zones. All the individual observations are completely 
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reduced. The second Melbourne general catalogue, containing 
the meridian results from 1871 to 1884 inclusive, thus incor- 
porating the whole of the results obtained with the old transit- 
circle up to the date of its disuse, is in process of formation. 
An alteration has been made in the photo-heliograph, so as to 
secure a picture of 8 inches diameter instead of 4 inches, as 
formerly. There have been several interruptions to the con- 
tinuity of the sun-photographs during the year, owing to de- 
rangement of the instrument and dome, and only 130 pictures 
were obtained up to June 11, when the instrument was dis- 
mantled for repairs. The sixth volume of the results of astro- 
nomical observations for the years 1876 to 1880 inclusive, was 
published in February 1885, and has been distributed. The 
first part of the observations with the great Melbourne tele- 
scope (NATURE, vol. xxxiii. p. 538), from its erection in 1869 to 
the present date, has also been published during the year to 
which this Report refers. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 JUNE 20-26 

( OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Greenwich on Fune 20 

Sun rises, 3h. 44m. ; souths, 12h. tm. 14°§s.; sets, 20h, 18m. ; 
decl. on meridian, 23° 27’ N.: Sidereal Time at Sunset, 
14h. 14m. 

Moon (four days after Full) rises, 22h. 7m.*; souths, 2h. 49m. ; 
sets, 7h. 36m, ; decl. on meridian, 15° 34’ S. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h., m. ey 

Mercury 4 07). 12545 21 13 2AeS EN 
Venus ... TSO) rer One: 16, 38. ces SUS MeN 
Mars II 28 17 45 ©) 62") ae a eaTN,: 
Jupiter... ©... 1% qo 17 56 0) 12" 22 eLOENI. 
Saturn... 4 40 02 50) | 200 0 Boe 7Ne 

* Indicates that the rising is that of the preceding evening and the setting 
that of the following morning. 

Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 

angles from ver- 
June Star Mag. Disap. Reap. ‘tex to right for 

inverted image 
h. m. h, m. a 5 

2lae (DeASCa7487) «ORs. 3) 1OuS0) 3. X55 89 258 
24 ... 24 Piscium Gree OLAS ac I 47 87 241 

June 
21 Sun at greatest declination north; longest day in 

northern latitudes. 

Variable Stars 

Star R.A. Decl. 
hee ms Owes h. m. 

U Cephei ... © 522... 81 16 N.... June 24, 1.14 m 
R Virginis . T2U32s7ere 7) STON: ee ee m 
WoaVairginisy... g:-.-) 13 120;2).. 2 479.) c 55 OSE O LI. 
6 Libre are LA 5459 <0 AS ee peeOmeaEs cus 
WeCorone!.:. s.., 15 1376 .:. 32) 4 Ne %.. sa eeOmeOna ter 
U Ophiuchi... D7) O78) 2.0 I 2OUN.sen es Lee aaa? 

and at intervals of 20 § 
XGSagittari... 15... 117/404 «.. 27 A705. se UReTZO mee OT 
WiSagittariic.., se) 1S) 25°2)...49° 02) 0.1 seco. 
B Lyre... 1 1S) A529) --~ 33) 14 Nine eso ESOLZ: 
mAguilz* ...) 2. 19) 4077... 10 43 °N. ... | 5323 ez. 72 
TDelphini=.. =. 20l4071 =. 15 50) Nie. ees M 
5 Cephei e) 2292450) 2.0157) 5OUNisieenin os ue ese SORT? 
R Pegasi 231100) OS OEN ae ee ees M 

M signifies maximum ; # minimum. 

GEOGRAPHICAL NOTES 

THE paper on the aborigines of Formosa, by Mr. G. Taylor, 
in the China Review, to which we have already adyerted, is 
continued in the last number (vol. xiv. No. 4), and as it pro- 
gresses it contains more and more information, especially with 
regard to the number of different tribes end their various customs, 
which is wholly new, either in European publications or in those 
of the Far East. The number last noticed concluded with the 

Paiwans, the tribe with which the Dutch came in contact in the 
seventeenth century, during their temporary occupation of part of 
Formosa, and of which therefore we had the most information. 
The present instalment deals with several other tribes, including 
one very peculiar and hitherto unknown people, the Caviangans, 
who are comparatively few in number, inhabiting lofty moun- 
tains, and having many superstitions with regard to hills and 
the spirits which inhabit them. We have also an account of 
the Tipuns, the most powerful tribe in southern Formosa, 
inhabiting the great plain inland from the headland marked 
Double Peak on the charts of the east coast. These have a 
tradition that they came from some other country hundreds of 
years ago, but they appear now to differ little from their neigh- 
bours the Paiwans. But there is one very radical distinction, 
viz., that when a man marries he enters his wife's family, 
whereas amongst the Paiwans the reverse is the case. Amongst 
them tattooing is a mark of rank, and is strictly prohibited to 
the commonalty. Another tribe described is the Amias. The 
Chinese class these as aborigines, but the true aboriginal tribes 
look on them as foreigners. They have a curious tradition of 
their origin, but the aborigines have the more prosaic one of 
shipwreck, and it appears that the Amias do not consider them- 
selves entitled to equal social rank with the other savages. In 
appearance and customs they differ much from their neighbours, 
and worship one Supreme Being, not a multitude of spirits. 
They believe in an after state, dependent on personal conduct in 
this life, and they have a sort of purgatory amongst their 
beliefs. They have a vague notion of lands and peoples where 
communication is carried on by means of other than oral speech. 
This, says Mr. Taylor, is the only trace in South Formosa of 
any original idea of writing. Their explanations of certain 
natural phenomena, such as thunder and lightning, sunset and 
sunrise, are curious. Earthquakes they believe to be caused by 
a pig scratching itself against an iron bar stuck into the earth. 
This paper leaves on the mind, even more strongly than its pre- 
decessor, the impression that in the future Formosa will offer 
ethnological problems as interesting and complicated as any 
equal area on the earth’s surface. It is clear, too, that all the 
divisions of the inhabitants of the island hitherto given by 
writers, whether Chinese or Europeans, are wholly incorrect 
and unscientific. There are wider differences amongst the 
tribes, and a far greater number of different tribes, than has ever 
been supposed. Moreover, it is obvious that in the present 
state of our knowledge of the tribes, it would be idle to theorise 
about them. Mr. Taylor, dealing only with a very small section 
in the south of the island, has described six or seven tribes ; 
amongst these we find some calling themselves aborigines, and 
looking down as strangers and new-comers on others who have 
been generally supposed to be aborigines. In view of the wild 
aud inaccessible nature of a large part of the eastern half of 
Formosa, and of the danger of entering it on account of the 
chronic state of war which exists between the natives and their 
Chinese masters, it must be a long time before a clear or trust- 
worthy ethnological account of Formosa can be written. It is 
quite possible that some of the largest ethnological problems of 
the Far East may be involved in Formosa; the knot may, 
perhaps, lie there. Meantime, Mr. Taylor deserves thanks for 
his careful and interesting collection of new facts which are 
vital to the discussion of Formosan ethnology. \ 

A REPORT addressed by Col. Fontana, the Governor of 
Chubut, to the President of the Argentine Republic, gives 
details of the exploration of Chubut up to the Andes lately made 
by the Governor. The Expedition, consisting of thirty men, 
left Raiwon, the chief town of Chubut territory, on October 14, 
and returned on February 8, having traversed about 1000 leagues 
in four months. It first followed the tortuous course of the Rio 
Chubut to its sourcé in the Cordilleras, about the 42nd degree 
south latitude, the northern limit of Chubut, and then, cossing 
well-watered and fertile prairies and enormous forests, reached 
the 46th parallel. It discovered three passages into Chili, and 
laid down accurately the courses of several rivers heretofore 
fixed by guess-work. Col. Fontana believes he was the first to 
quench his thirst in the spring from which the River Senger 
takes its rise: he has removed the doubts which existed respect- 
ing Lakes Colne and Musters, and verified their positions; and 
he has determined the geographical position of the spots at 
which the Senger and Chico debouch into the lake. He 
promises in a short time to have completed maps which will 
correct many errors concerning the hydrography and orography 
of this region. 

we 
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We have received the annual report for 1885 of the Russian 
Geographical Society, which contains short accounts of the 
expeditions of M. Prjevalsky to Central Asia, M. Potanin to 
China, M. Grum-Grzimailo in the sub-Pamir region, MM. 
Wolter and Trusman ; and the usual notices on works for which 
the medals of the Society were awarded. Geographers surely 
will be sorry not to find in this report any notice of the work 
done by the Caucasian and Siberian branches of the Society, 
which usually so greatly increases the value of the annual report 
of the Russian Geographical Society. 

WE are glad to learn from the last Annual Report of the 
Russian Geographical Society that the Appendix to the Ausszan 
Gazetteer, by P. P. Semenoff, is in course of preparation. The 
full edition of the observations at the Polar Stations on Noyaya 
Zemlya and on the Lena; the remarkable collection of maps 
dealing with the delta of the Amu-daria, Baron Kaulbars ; and 
a geological map of the shores of Lake Baikal, are also in 
preparation. 

AT the last meeting of the Paris Geographical Society, Dr. 
Maurel read a paper on his travels in Cochin China and Cam- 
bodia, ona mission from the Minister of Public Instruction. By 
means of aseries of maps representing the Indo-Chinese peninsula 
in the seventh, eleventh, eighteenth, and nineteenth centuries, he 
showed the relative importance at different epochs of each of 
the peoples inhabiting this region. He then gave a general 
account of the country, its geography, climate, population, &c. 
A large collection of ethnographical objects which he had with 
him added much interest to that part of his paper. The young 
Cambodians at present being educated in Paris were present, 
clothed in the national costume. 

THE DETERMINATION OF THE INDEX OF 
REFRACTION OF A FLUID BY MEANS OF 
THE MICROSCOPE 

F the various means adopted hitherto for the determination 
of the refractive index of a fluid, the most usually adopted 

has been that of the hollow prism, telescope, and collimator. 
This method involves (a) the determination of the angle of the 

prism ; (8) the position of minimum deviation ; (y) the use of 
monochromatic light, if errors arising from the different dis- 
persive qualities of the substances are to be avoided. These 
preliminaries render the labour of determining the index a very 
difficult task, and the observer will scarcely expect to accomplish 
more than one observation at a sitting. 

Cleaning the prism is not the least of the troubles, and when 
we add to them the fact that many liquids are so opaque that 
sufficient light can scarcely be passed through them for the 
observation, it is not surprising that so few have been found to 
possess the courage necessary for attacking the problem. The 
writer having had occasion for frequent determination of the 
index of refraction, has found the use of the microscope far sur- 
passes the usual method in giving results of the greatest delicacy 
combined with a minimum of cost and of time. 

Starting with the well-known fact, that an object viewed 
through a medium whose refractive index is different from that 
of air will occupy a different position from its image, or in the 

language of the text-books, v = # + £\ where 7 determines the 
Kb 

position of the geometrical focus of a pencil after direct refraction 
through a plate whose thickness is ¢, the writer was led to adopt 
the following plan. 

On an ordinary ‘‘slip” as used for mounting preparations for 
the microscope a delicate mark is made with a writing diamond, 
A large but very thin ‘‘cover-glass ” is cut in half, and its pieces 
cemented to the ‘‘slip” on either side of the mark, leaving a 
space of about one-eighth of an inch ; then, resting on these sup- 
ports, and bridging over the intervening space, is placed a small 
but very thin ‘‘cover-glass,”’ and a drop of the fluid to be 
examined is run under this. 

The fine mark made on the ‘‘slip” is now viewed through 
this with the microscope, using as high a power as possible, for 
the higher the objective the more delicate will be its focal adjust- 
ment; when the object is in focus the position of the ‘fine 
adjustment” must be read off. The microscope must then be 
left, and the slip removed for the examination of any other fluid. 
The top cover-glass is lifted off, the slip cleaned, the same cover- 
glass replaced, and a drop of a different fluid run under. Re- 

placing now the slip upon the stage, and looking for the mark 
which was previously in focus, it will be found that an altera- 
tion of the fine adjustment is necessary to bring it into focus. 

If the medium is of lower refractive index, the objective 
will have to be lowered, and conversely. Thus a rapid com- 
parison of the relative refractive indexes of two media may 
easily be made. 

But not only can the relative refractive powers of different 
bodies be thus obtained ; the absolute numerical values may 
with the greatest accuracy be determined. For this it is essen- 
tial that the fine adjustment screw should have accurate micro- 
meter divisions, and this is usually the case now that immersion 
objectives are in common use. Two fluids must be selected 
whose refractive indexes present a wide difference, say oil of 
cassia and water ; focus the mark, first viewed through water, 
secondly viewed through oil of cassia, and read off the number 
of divisions the screw has been turned through in the alteration 
of the focus. The refractive indexes of oil of cassia and water 
being known from the tables, a numerical value will by the 
formula be obtained for each division of the screw-head, and 
thus the absolute numerical index of any medium easily be 
determined. 

By this simple and inexpensive method the writer has ob- 
tained from fifteen to twenty absolute indexes in a sitting of 
an hour’s duration. 

The importance of obtaining suitable media of high refractive 
index for mounting objects to be viewed with very high powers 
cannot be overestimated, for not only is a wider cone of light 
thus brought to bear upon the object, but its image is advanced, 
so that a greater working distance is obtained between the front 
lens of the objective and the coyer-glass. 

GoRDON THOMPSON 
St. Charles's College, Noiting Hill 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

CAMBRIDGE.—The twentieth annual report of the Museums 
and Lecture-Rooms Syndicate, lately issued, recounts continuous 
progress in many scientific departments. The number of 
students attending demonstrations in the Cavendish Laboratory 
reached 100 last winter, and during the year twelve persons 
have done original work in the Laboratory. 

The Plumian Professor (Mr. G. H. Darwin) introduced a new 
feature last summer by giving a course of lectures in the Long 
Vacation, and the attendance (thirteen) was encouraging. Few 
students attend the Plumian Professor’s advanced lectures on 
the orbits and perturbations of planets. 

In mechanism Prof. Stuart reports that the temporary museum 
and lecture-room has become very insufficient. 

In chemistry there has been a considerable increase of 
students in advanced classes and special departments. The new 
laboratory is now being vigorously advanced. The classes in 
mineralogy maintain an average of sixteen students. The 
acquisition of 250 specimens from Mr. Field’s collection has 
added some minerals previously unrepresented, and has im- 
proved the collection considerably for students’ use. 

In geology Prof. Hughes regrets the disadvantages of his 
present accommodation for teaching and lecturing, and finds 
the specimens of value are lost to the Museum because of its 
inadequate means of displaying them. A valuable collection of 
Cretaceous Cambridge fossils, many of them type-specimens, 
has been presented by Mr. James Carter of Cambridge. 

Mr. Marr, Fellow of St. John’s College, is engaged upon 
the arrangemext of the Foreizn and British Cambrian fossils, of 
which it will be desirable soon to publish a new catalogue. The 
petrological series has been rearranged, and also the collection of 
microscope slides. ‘lhe Upper Jurassic fossils have been largely 
added to and rearranged. Many interesting additions to the 
museum are chronicled in the report. It shows how largely the 
Museum gains from the interest of present and former students at 
Cambridge. 

Prof. Babington has been chiefly occupied with the study of 
different parts of the Herbarium—especially the magnificent col- 
lection of European Rubi—and the identification of piants sent 
by botanists from a distance. Dr. Vines’s students haye num- 
bered nearly sixty, and the Botanical Laboratory is incon- 
yeniently crowded, The commencement of a botanical museum 
has been made by Messrs. Potter and Gardiner, with the object 
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of illustrating the ordinary text books in the hands of students. 
Many interesting specimens have been given by Sir Joseph 
Hooker and Mr. Thiselton Dyer, Messrs. Potter, Vines, Gar- 
diner, Hillhouse, and Miss B, K. Taylor of Girton College. 

In the Museums of Zoology and Comparative Anatomy some 
most useful work has been done by the Strickland Curator (Mr. 
Gadow) in exhibiting the characteristic parts of birds, labelled 
and illustrated by printed descriptions. A lecture-room for 
animal morphology is urgently required. The attendances in 
the Lent Term this year were :—Elementary Biology, 163 ; 
Elementary Morphology, 94; Advanced Morphology, 16; 
total 273. Besides the two lecturers, nine graduates and ad- 
vanced students took part in demonstrating to the classes. Prof. 
Macalister reports that the new iron dissecting-room has been 
very satisfactory, and far more anatomical work has been done 
than ever before in the University. 

The number of students in the elementary physiology classes 
have averaged 130 each term; while an average of over 30 
attended advanced lectures. In pathology Prof. Roy has given 
systematic lectures on general pathology, a demonstration course 
on morbid anatomy, a practical pathology course, morbid his- 
tology classes, &c , and has found it necessary to engage Mr. 
Joseph Griffiths, M.B. Edin., as his assistant. Space and other 
accommodation being deficient hampers the extension of the 
work, 

Vigorous work in natural science will go on during July and 
August. Mr. Fenton will give a course of chemistry, and the 
University and Cavendish Laboratories will be open. Mr. 
Potter will lecture on systematic botany with practical work. | 
Repetition classes in histology and physiology will be given by 
a demonstrator, and Dr. Hill will conduct a class for prac- 
tical histology. Prof. Macalister will give demonstrations in 
osteology ; and other lectures will be given regularly in con- 
nection with the medical school by Prof. Humphry, Prof. Roy, 
Dr. Anningson, Dr. Ingle, &c. The courses will begin from 
July 7 to 12. 

Mr. W. H. Caldwell, Fellow of Caius College, and Balfour 
Student, having returned to Cambvidge from Australia with a 
large supply of valuable material, asks for a room in which to 
prosecute his original researches. ‘This it is proposed to supply 
at a cost of 110/. on the roof of a portion of the Museum 
Buildings. 

SCIENTIFIC SERIALS 

American Fournal of Science, May.—The columnar structure 
in the igneous rocks on Orange Mountain, New Jersey, by 
Joseph P. Iddings. This prper, read before the Philosophical 
Society of Washington, June 1885, deals especially with the 
large vertical columnar formations of O’Rourke’s Quarry south 
of 1.lewellyn Park, and with the still more intere-ting case of 
curving and radiating columns in the Undercliff Quarry near the 
north gate of thesame park. ‘Ihese lava sheets are studied in 
connection with the general theory of columnar formation, 
which is attributed to a cracking produced by the shrinkage of 
the mass upon further cooling after it has consolidated into rock, 
which still retains a great amount of heat. As the consolidation 
due to surface-cooling proceeds inward, the resistance to con- 
traction parallel to the surface increases at a greater rate than 
that normal to it, a point may then be reached where resistance 
in the first-named direction will exceed that in the second, and 
the resulting rupture will be perpendicular to the cooling surface. 
The wavy form of some of the columns in Orange Mountain 
suggests irregularities in the mass which disturbed the uniform 
advance of the lines of maximum strain, and caused them to 
deviate from parallelism.—Larval theory of the origin of tissue, 
by A. Hyatt. This is an abstract of a paper published in the 
Proceedings of the Boston Society of Natural History (1884), in 
which an attempt is made to trace a phyletic connection between 
Protozoa and Metazoa, and also to show that the tissue-cells of 
the latter are similar to asexual larvee and related by their modes 
of development to Protozoa, just’ as larval forms among the 
Metazoa themselves are related to the ancestral adults of the 
different groups to which they belong. In the abstract the 
suggestion is added that Volyox and Eudorina are true inter- 
mediate forms entitled to be called Mesozoa or Blastrea. The 
author’s conclusions bear directly on the results already ob- 
tained by Semper, Dohrn, and others in tracing the origin of the 
vertebrates to some worm-lke type.—Cretaceous metamorphic 

rocks of California, by George F. Becker. During a recent 
investigation of the Californian quicksilver deposits by the 
United States Geological Survey, the crystalline and serpentinoid 
metamorphic rocks of the coast-ranges have been subjected to an 
elaborate examination, Pending a complete report, a summary 
of the results is given in the present paper, all detailed proofs 
being deferred until final publication. The field-work was 
carried out by the author and Mr. H. W. Turner, the chemical 
analyses by Dr. W. H. Melville ; and the microscopical examina- 
tions jointly by the author and Mr. Waldemar Lindgren. The 
question of metamorphism has perhaps never before been studied 
under more favourable conditions: a solid basis has been ob- 
tained for further inquiry, while the results already secured are 
sufficiently definite to form an important aid for the investigation 
of metamorphic areas in other geological regions. One im- 
portant result is the full confirmation of von Rath and Bischof’s 
views regarding the probable conversion of feldspar intoserpentine. 
There seems to be no doubt that the phenomenon occurs in 
the Californian coast-ranges where the feldspars are corroded 
externally, cracks widened irregularly and filled with serpen- 
tine, and in some cases elongated teeth of serpentine may be 
seen biting into the clear feldspathic mass. It is impossible to 
explain these and many similar occurrences, except on the sup- 
position that a reaction between some fluid and the feldspars has 
yielded serpentine. Quartz also, which is well known to be 
sometimes converted into talc, is in the same region transformed 
into serpentine. —Arnold Guyot, by James D. Dana. This is a 
biographical sketch of the distinguished Swiss naturalist, 
brought down to the year 1848, when he settled in the United 
States. —On the determination of fossil dicotyledonous leaves, 
by Lester F. Ward. The writer offers some critical remarks 
on the views, and especially on the system of nomenclature, 
advocated by Dr. A. G. Nathorst of Stockholm in a paper on 
fossil floras recently published by him in the Sotanzisches 

| Centralblatt (xxvi., 1886).—Pseudomorphs of limonite after 
pyrite, by Erastus G. Smith. It is shown that the common 
hydrated oxides of iron generally referred to limonite are un- 
doubtedly alteration products of ferrous oxide, or decomposition- 
products of other iron-bearing minerals. Their secondary 
nature is clearly shown in the various occurrences where crystal- 
line form is yet retained, giving clearly-defined pseudomorphs of 
ferric hydrate after the orginal mineral. An interesting case is 
described of such an alteration of pyrite into ferric hydrate, in 
which the crystalline form of the pyrite is sharply defined.— 
Influence of motion of the medium on the velocity of light, by 
Albert A. Michelson and Edward W. Morley. A series of 
important investigations are described, tending fully to confirm 
Fizeau’s classical experiment of 1851, which proved that the 
luminiferous ether is entirely unaffected by the motion of the 
matter which it permeates.—Note on the structure of tempered 
steel, by C. Barus and V. Strouhal. The results are given of 
some experiments on the structure of steel, a full report on 
which will appear in Bzdletin No. 35 of the U.S. Geological 
Survey. —Brookite from Magnet Cove, Arkansas, by Samuel L. 
Penfield. A description is given of a fine crystal of brookite 
from the collection of Prof. G. J. Brush. It belongs to the 
variety classed as arkansite by C. A. Shephard. 

Bulletin de V Académie Royale de Belgique, March 6.—Deter- 
mination of the direction and velocity of the motion of the solar 
system through space, by M. P. Ubaghs. So far from being a 
constant quantity, the systematic aberration of the sun and its 
satellites was already shown to vary with time in right ascension 
and declination. It was also seen that, by taking into account 
this fact in studying the motion of the solar system, it might be 
possible to determine not only the direction and velocity of the 
motion, but also its extent and even the mean distance of the 
stars selected for the purpose of comparison. The author here 
undertakes to apply the principle to certain groups of stars of 
like magnitude, and although the results are not absolutely uni- 
form, the agreement is sufficiently close to justify the conclusion 
that theory and practice are, on the whole, in harmony. The 
direction of the motion has been somewhat accurately deter- 
mined, but the mean velocity expressed by the fraction 0*109 of 
the mean radius of the earth’s orbit would appear to be far less 
than that usually attributed by astronomers to the motion of the 
solar system.—On the study of ‘‘ arithmetical events,” by M. E. 
Cesaro. In explanation of the expression ‘‘arithmetical events,” 
this young and profouncly original mathematician remarks that 
the systems with which he is here occupied are constituted by 
numbers taken at hap-hazard. When such a system happens to. 

| 
| 
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enjoy a property capable of being stated in advance, it consti- 
tutes for him an event (wz événement). By means of some 
extremely difficult and subtle analytical transformations he 
arrives at a very general and remarkable formula, by means of 
which he solves with the greatest ease a number of curious arith- 
metical problems, such as: ‘‘ What probability is there that in 
any given division the most approximate quotient will be the 
quotient by default (far #éfau/)? What probability is there 
that, if an integer taken at hazard be divided by the sum of two 
other integers taken at hazard, the quotient by default will be an 
odd number ?”—On the oxidation of hydrochloric acid under the 
influence of light, by M. Leo Backelandt. This paper deals with 
the phenomenon observed by the author, that concentrated pure | v : 

| turns of insulated wire. hydrochloric acid exposed to the action of sunlight in a badly- 
stopped flask after some time turns yellow, and emits an odour of 
chlorine. The change is shown to be due to a process of oxida- 
tion, the atmospheric oxygen consuming the hydrogen of the 
hydrochloric acid and liberating the chlorine. Under analogous 
circum-tances hydriodic acid acts in the same way, liberating 
its iodine.—Notes on the rocks of Kantavu Island, Fiji Archi- 
pelago, by M. A. Renard. The author deals mainly with the 
andesites of the port of Kantayu, where they assume a columnar 
disposition. —Examination of the objections made by M. Hirn 
against the kinetic theory of the gases, by M. R. Clausius. 
While admitting the general care and accuracy with which 
M. Hirn has conducted his extensive experiments, the 
author argues on theoretical grounds that they are in no 
way opposed to the now generally accepted kinetic theory. 

Rendiconti del Reale Tstituto Lombardo, April 15.—On the 
permanent magnetism of steel at various temperatures, by Dr. 
G. Poloni. In this paper, which is supplementary to the two 
memoirs published by the author in 1878 and 1882, several in- 
teresting experiments are described with a series of magnets 
subjected to the action of heat within the limits of 15° and 300° 
C.—Note on a new acid isomerous with aspartic acid, by Prof. 
G. Korner. The formula of this acid, which the author pro- 
poses to name a-iso-asparlic or a-amido-isosuccinic acid, is— 

CHy 

| —co,4 
—NH, 

CO,H. 

Rivista Sctentifico-Industrial’, April 15.—A new method of 
measuring the thermic expansion of solid bodies, by Prof. Filippo 
Artimini. The author describes an ingenious apparatus which 
he has constructed for the purpose of determining with sufficient 
accuracy the increase in the linear dimensions of solids, derived 
from the internal motion communicated to matter by thermic 
energy. 

April 30-May 15.—On the real atomic heat of simple bodies 
in the mechanical theory of heat and the formulas relating to it, 
by Prof. Alessandro Sandrucci, In Hirn’s ‘‘ Mechanical Theory 
of Heat” the expression veal atomic heat is applied to the pro- 
duct of the atomic weight @ of a simple body by its absolute 
calorific capacicy A and it is shown that this quantity should be 
independent of temperature, and equal and constant for all 
existing simple bodies ; but the deductions are established inde- 
pendently of any hypothesis on the nature of heat. Prof. San- 
drucci now inquires whether, given a certain hypothesis on the 
nature of heat, and determining the physical concept of veal 
atomic heat in said hypothesis, it might be possible to obtain 
general and numerical results equal, or very nearly equal, to 
those already found by Hirn.—On a new saponiferous plant, by 
Prof. G. Licopoli. To the Sufonaria officinalis, the Quillaja 
Safonaria, and a few other plants of this class Prof. Licopoli 
now adds the Znerolobium Timbouva, Martius, which is widely 
diffused throughout South Brazil and Uruguay. 

SOCIETIES AND ACADEMIES 
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Royal Society, May 20.—‘‘On the Lifting Power of Elec- 
tro-Magnets and the Magnetisation of Iron.” By Shelford 
Bidwell, M.A. 

If an electro-magnet be excited by a gradually increasing 

increase of sustaining power to increase of current becomes 
rapidly smaller ; and it has generally been assumed that this 
ratio continues to diminish indefinitely, so that an infinite current 
would not impart toa magnet much greater lifting power than 
that which it possesses when an approach to ‘‘saturation” is 
first indicated. Joule estimated that the attraction would never 
be as much as 200 Ibs. per square inch of sectional area; and, 
much Jater, Rowland assigned 177 lbs. per square inch, or 
12,420 grms. per square centimetre as the limit for iron of good 
quality. 

Having reason to doubt these conclusions, the author made 
some experiments with an iron ring cut into two equal parts, 
each of which was surrounded by a coil containing nearly 1000 

When one-half of the ring was used 
as an electro-magnet, and the other half as an armature (no 
current being passed through its coil), the weight supported was 
with a current of 4°3 amperes 13,100 grms., and with 6°2 
amperes 14,200 grms., per square centimetre of surface. The 
lifting power therefore exceeded that which had been previously 
considered the greatest possible ; nor was there any indication 
that a limit was being approached. But it was of greater in- 
terest to observe the effects produced when éo¢4 portions of the 
ring were brought under the influence of gradually increasing 
currents, the conditions then being nearly the same as in Row- 
lind’s experiments. It was found that when the magnetic force 
had reached 50 C.G.S. units, at which point the weight sus- 
tained was about 10,000 grms. per square centimetre, the falling 
off in the rate of increase of the lifting power was well marked. 
And it continued to diminish until the magnetic force was 250 
units and the weight supported 14,000 grms. But from this 
point che magnetising current and the weight that could be carried 
increased in exactly the samz proportion, and continued to do 
so until the magnetic force had been carried up to 585 units, 
when the experiment was stopped, the maximum weight sup- 
ported having been 15,905 grms. per square centimetre, or 
229°3 lbs. per square inch. Detailed results are given in the 
first and second columns of the table. A curve plotted with 
the magnetic forces as abscissee, and the weights lifted as ordi- 
nates, becomes, when the magnetic force is greater than 240: 
units, a sensibly straight line inclined to the horizontal axis. 

It occurred to the author that these results might be applied 
to the investigation of the changes of magnetisation which corre- 
spond to changes of magnetic force. For if /7= the grms. 
weight supported per square centimetre, 7 = the magnetic 
force, and 7 = the magnetisation, then for the divided ring 

We = 2nl? + H1; 

and by giving to W and H the values found to correspond, it 
becomes possible to find corresponding values of / and Z, 
These are contained in the first and third columns of the table. 
When // has exceeded about 200, the ratio of Z to Hno longer 
continues to diminish, and the curve expressing the relation 
between them apparently becomes a straight line. Were the 
experiment carried much further, a tendency to a limit would’ 
probably be indicated; but if there is one it must be con- 
siderably higher than it is generally believed to be. 
If & denote the susceptibility, « the permeability, and & the 

magnetic induction, then 7= 4H, w= 1 + 4nf, and B= pH. 
Hence the values of 2, uw, and # corresponding to different 
values of 7 can be found, and are given in the table. The 
figures in the last two columns are of great interest. Row- 
land, in order to exhibit the results of his well-known experi- 
ments in the form of a curve which (as he believed) would be of 
finite dimensions, plotted the values of » as ordinates against 
those of B as abscissee. The curve of m thus obtained, after 
reaching a maximum for B = 5000, fell rapidly and in an almost 
straight line towards the horizontal axis. Assuming that the 
line would continue to be straight until it actually met the axis, 
Rowland concluded that the maximum of magnetic induction 
was about 17,5C0 units. 
Now the greatest magnetic force used in Rowland’s experi- 

ments was only 64 C.G.S. units; the imaginary part of his 
curve, therefore, corresponds to values of // ranging from 64 to 
infinity. A part of this exceedingly wide gap is filled by the 
author’s experiments, in which 4 reaches 585 ; and if the values 
of « and # given in the table are plotted, the curve will be 
found (after a rapid descent) to ded vownd soon after the limit 
of Rowland’s observations, ultimately becoming, when B= 
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current, a limit is soon reached beyond which’ the ratio of ; 19,8.0, almost parallel to the axis of B. 
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The generally-accepted ideas as to the limits of magnetisation 
and magnetic induction therefore need modification. 

TABLE (Abstract) 

H Ww I k | m B 

3°9 2210 | 587 I51'0 1899'I 7390 

See 3460 735 128°9 1621°3 9240 
17°7 7530 1083 612 770'2 13630 
30°'2 9215 1197 39°7 500'0 15100 
78 11550 337 D7 216°5 16880 

208 13810 1452 70 88'S 18470 

427 15130 1504 3°5 45°3 19330 
585 15905 1530 2°6 33°9 19820 

May 27.—‘‘On the Relation between the Thickness and the 
Surface-tension of Liquid Films.” By A. W. Reinold, M.A., 
F.R.S., Professor of Physics in the Royal Naval College, 
Greenwich, and A. W. Riicker, M.A., F.R.S. 

Plateau, Liidtge, and van der Mensbrugghe have investigated 
experimentally the relation between the thickness and surface- 
tension of thin films. None of these observers, however, have 
used films thin enough to show the black of the first order of 
Newton’s colours. The authors have therefore made a careful 
comparison of the surface-tension of black films with that of 
coloured films, the thickness of which was from 10 to 100 times 
greater. The principle of the method is the same as that 
utilised in Liidtge’s experiments. The interiors of the films to 
be compared are connected, and the relation between their 
surface-tensions is deduced from measurements by which their 
curvature is determined. In the authors’ experiments a cylin- 
drical film was thus balanced against another, which, though 
sometimes cylindrical and sometimes spherical, was initially of 
the same curvature as itself. The necessity for this arrangement 
arises from the fact that the authors’ previous observations have 
shown that a cylindrical film thins to the black of the first order 
more readily than one of any other form. The fact that small 
changes in the forms of cylindrical and spherical films, attached 
to two circular rings, convert them into unduloids or nodoids, 
renders the mathematical theory somewhat complicated, but 
other considerations have been made to give way to the necessity 
of obtaining films which readily yield the black. 

Preliminary experiments were instituted to test the observa- 
tions of Liidtge and van der Mensbrugghe as to difference of 
surface-tension between two films, one of which had been 
formed more recently than the other. These experiments 
showed that when one of the films was kept thick by supplying 
liquid to its upper support (flooding), while the other was 
allowed to thin, a considerable apparent difference of surface- 
tension was obtained. Before, however, this could be accepted 
as a trustworthy determination of an actual difference of sur- 
face-tension, several possible sources of error had to be con- 
sidered. Thus, experiment shows (1) that the fact that 
the thicker film displays the greater surface-tension cannot 
be attributed to any peculiarity of the apparatus or mode 
of thickening adopted ; (2) that it is not due to the weight of 
the thicker film ; and (3) that only a small part of the observed 
difference can be ascribed to any slipping of the film over the 
liquid attachments to the solid supports. 

The cause of the phenomenon cannot at present be assigned 
with certainty. Perhaps many causes are at work. Reasons 
are given for the conclusion that it is merely an instance of the 
difficulty which many observers have found in preserving a liquid 
surface pure. 

On the assumption that the rapid change in the surface-tension 
of a newly-formed film is not due to its thinning, but to a dis- 
turbing cause, attempts were then made to eliminate this cause, 
or reduce it so as to compare films of very different thicknesses. 
Two methods of attacking the problem were carried out. In 

the first the procedure was as follows:—The diameters of two 
cylindrical films were measured when they were in the same 
state ; an electric current was passed up one of them in order to 
thicken it; and then, after a sufficient length of time had elapsed 
for the direct effect due to the disturbance produced by the 
current to pass off, the diameters were again measured. By this 
means it was possible to compare two films, one of which was 
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nearly all black, while the other displayed a little black and the 
colours of the first and second orders. Both films were then 
allowed to thin, and assuming (in accordance with previous 
observations of the authors) that that which was already black 
remained in a constant state, any change of diameter which took 
place, as the coloured film became black, could be observed. 

In a second group of experiments a cylinder was balanced 
against a sphere. As a spherical film thins more slowly than a 
cylinder, a comparison between a thick film (sphere) and a 
black or partially black film (cylinder) could be made without 
having recourse to an electric current, and greater differences of 
thickness were obtained than in the earlier observations. 

The differences of surface-tension measured in these observa- 
tions were very small. They never exceeded 1°5 per cent., and 
the black films were sometimes more and sometimes less curved 
than the thicker films with which they were compared. There 
was no evidence of any regular change in the surface-tension as 
the thickness diminished, and the average difference between 
the tension of the black and coloured films as deduced from 
fifteen experiments was only 0°13 per cent. 

The general result of the inquiry, therefore, appears to be 
that when the black part of a soap-film forms in the normal way, 
spreading slowly over the surface, no evidence of any change in 
surface-tenston dependent on the thickness of the film is furnished 
by a direct comparison of the tensions of thin and thick films over 
a range of thickness extending from 1350 to 12 millionths of a 
millimetre. 

This conclusion is based upon a method of experiment by 
which a change of 4 per cent. in the value of the tension must 
have been detected, had it existed, and upon fifteen independent 
comparisons of the tensions of black and coloured films. 

The authors next discuss the bearing of their observations 
upon the question of the magnitude of the so-called ‘‘ radius of 
molecular attraction.”” They point out that if the mere equality 
in the surface-tensions of thick and thin films is to be considered 
conclusive, they have accumulated much stronger evidence for 
the statement that the radius of molecular attraction is less than 
half the thickness of a black film, 7.e. <6 x ro-&'mm. than 
Plateau produced for the assertion that 59 X 10 &mm. is a 
superior limit to its magnitude. They are, however, unwilling 
to draw this conclusion from their experiments until an explana- 
tion is forthcoming in harmony with it, of the apparent dis- 
continuity in the thickness of the film which always (except 
under very special circumstances) occurs at the edge of the 
black. 

They are themselves inclined to look upon the sharp edge of 
the black as evidence of a change in surface-tension due to the 
tenuity of the film, and to regard the result of tbeir experiments 
as fixing asuperior limit (0°5 per cent.) to the difference of the 
tension of the black and coloured parts. 

As no explanation of the discontinuity at the edge of the 
black has (as far as the authors are aware) ever been put for- 
ward, they conclude by a suggestion which, though no doubt of - _ 
a speculative character, may serve to draw attention to a subject 
which is they believe of considerable interest. 

They show that the main facts to be accounted for, viz. the 
discontinuity, the uniform thickness of the black, the wide 
variations in the thickness of the part of the coloured film which 
is in contact with the black, and thé equality in the surface- 
tensions of the black and coloured films, could be explained if it 
were supposed that the surface-tension has a critical value when 
the thickness is somewhat greater than 12 X 107° mm. 

The possibility of the existence of such a critical value has 
been pointed out by Maxwell (Zucyel. Brit., art. “ Capillarity ”). 
It would be explained by the assumption frequently made in 
discussions on the nature of molecular forces, that as the distance 
between two molecules diminishes, the mutual force between 
them is alternatively attractive and repulsive. 

June 10.—‘‘On some New Elements in Gadolinite and 
Samarskite, Detected Spectroscopically.” By William Crookes, 
Deh Woe CRS, 

The recent discovery by my distinguished friend M. de Bois- 
baudran (Comptes rendus, cii., p. 1003, May 3, 1886) of the 
existence of a new element which he calls Dysprosium, makes it 
unadvisable on my part, as a fellow investigator in spectroscopic 
research, to delay any longer the announcement of some of the 

| results I have obtained during the fractionations of the samarskite 
and gadolinite earths. 
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I will first take the earths which give absorption-spectra when 
their solutions are examined by transmitted light. These occur 
chiefly at the higher end, beginning with didymium and proceed- 
ing, through samarium, holmium, &c., to erbium, which is one 
of the least basic. The earths which give phosphorescent spectra 
chiefly occur at the lower end, but each group overlaps the other ; 
for instance, yttria occurs above erbia. 

One of the highest of the absorption-spectrum earths is 
didymia, The spectrum of didymium, as generally met with, is 
well known, and is given in my paper on “Radiant Matter 
Spectroscopy: Part 2, Samarium ” (par. 135). 

It has long been suspected that didymium is not a simple body, 
and in June 1885 Dr. C. Auer announced that by a series of 
many hundred fractional crystallisations he had succeeded in 
splitting up didymium into two new elements, one giving leek- 
green salts and the other rose-red salts. The green body he 
called Praseodymium and the rose-red Neodymium. I have not 
found that my method of fractionation gives a decomposition 
similar to this ; probably didymium will be found to split up in 
more than one direction, according to the method adopted ; but 
by pushing the fractionations at the didymium end of the series 
to a considerable extent, a change gradually comes over the 
spectrum. At the lower end the earth gives an absorption- 
spectrum such as is usually attributed to didymium, but with no 
trace of some of the bands in the blue end, the one at A 443 
being especially noticeable by its absence. The intermediate 
earths give the old didymium spectrum, the relative intensities of 
some of the bands varying according to the position of the earth 
in the series, the band 443 becoming visible as the higher end is 
approached. The highest fractions of all give the band 443 one 
of the most prominent in the spectrum, being accompanied by 
other fainter bands which are absent in the lowest didymium 
spectrum. 

I now come to a branch of the subject which promises to 
yield results even more fruitful than those given by the examina- 
tion of absorption-spectra : I refer to the spectra yielded by some 
of the earths when phosphoresced zz vacuo. This method 
has been so fully explained before the Royal Society, in my 
papers on ‘‘ Radiant Matter Spectroscopy,” that I need not 
repeat it. 

In my Bakerian Lecture on Yttrium (PAz/. Trans., Part 3, 
1885) I described the phosphorescent spectrum of this earth, and 
gave a drawing of it. In the Samarium paper I gave a similar 
description and drawing of the samarium spectrum, and also 
described and illustrated some anomalous results obtained when 
yttria and samaria were mixed together. Under the conditions 
described in the paper a sharp and brilliant orange line made its 
appearance, which at that time seemed as if it belonged to the 
samarium spectrum, and was only developed in greater intensity 
by the presence of yttria. This explanation, however, did not 

satisfy me, and I called the line (a 609 = 2693) “the 

anomalous line,” intending to return to it at the first opportunity. 
T have since further investigated the occurrence of this line, with 
more than usual good fortune in the extent and importance of the 
new facts thereby disclosed. 

Systematic fractionation was carried on with the portions of 
the general series giving the strongest appearance of line 609, 
an | it soon became apparent that the line closely followed 
sani arium. The presence of yttria was not necessary to bring it 
out, although by deadening the brightness of the other bands it 
was useful, not seeming to affect the line 609. Several circum- 
stances, however, tended to show that although line 609 accom- 
panied samarium with the utmost pertinacity, it was not so integral 
a part of its spectrum as the other red, green, and orange lines. 
For instance, the chemical as well as physical behaviour of these 
line-forming bodies was different. On closely comparing the 
spectra of specimens of samaria from different sources, line 609 
varied much in intensity, in some cases being strong and in 
others almost absent. The addition of yttria was found to greatly 
deaden the red, orange, and green lines of samarium, while yttria 
had little or no effect on the line 609 ; again, a little lime entirely 
suppressed line 609, while it brought out the samarium lines with 
increased vigour. Finally attempts to separate line 609 from 
samarium, and those portions of the samarskite earths in which 
it chiefly concentrated, resulted in sufficient success to show me 
that, given time enough and an almost inexhaustible supply of 
material, a separation would not be difficult. 

But what was then practically impossible to me, restricted with 
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limited time and means, Nature has succeeded in effecting in the 
most perfect manner. I had been working on samarskite, and 
many observations had led me to think that the proportion of 
band-forming constituents varied slightly in the same earth from 
different minerals. Amongst others, gadolinite showed indica- 
tions of such a differentiation, and therefore I continued the work 
on this mineral. Very few fractionations were necessary to show 
that the body giving line 609 was not present in the gadolinite 
earths, no admixtures of yttria and samaria from this source 
giving a trace of it. It follows, therefore, that the body whose 
phosphorescent spectrum gives line 609 occurs in samarskite, but 
not in gadolinite ; thus it cannot be due to samarium, yttrium, 
or a mixture of these two elements; the only other probable 
alternative is that the source of this line is a new element. 

Chemical fractionation is very similar to the formation of a 
spectrum with a very wide slit anda succession of shallow prisms. 
The centre portion remains unchanged for a long time, and the 
only approach to purity at first will be at the two ends, while a 
considerable series of operations is needed to produce an 
appreciable change in the centre, 

During the later fractionations of the gadolinite earths another 
set of facts, formerly only suspected, have assumed consistent 
form. The spectrum bands which hitherto I had thought belonged 
to yttria soon began to vary in intensity among themselves, and 
continued fractionating increased the differences first observed. 
It would exceed the limits of a preliminary note were I to enter 
into details respecting the chemical and physical reasons which 
lead me to the definite conclusions I now bring before this Society. 
More than 2000 fractionations have been performed to settle this 
single point. I will content myself with stating the results. The 
earth hitherto called yttria appears to be a highly complex body, 
capable of being dissociated into several simpler substances, each 
of which gives a phosphorescent spectrum of great simplicity, 
consisting for the most part of only one line. 

Taking the constituents in order of approximate basicity (the 
chemical analogue of refrangibility) the lowest earthy constituent 
gives a violet band (A 456), which I have reason to believe belongs 
to ytterbia. Next comes a deep blue band (A 482); then the 
strong citron band (A 574), which has increased in sharpness till 
it deserves to be called a line ; then come a close pair of greenish- 
blue lines (A 549 and A 541, mean 545) ; then ared band (A 619), 
then a deep red band (A 647), next a yellow band (A 597), then 
another green line (A 564) ; this (in samarskite yttria) is followed 
by the orange line (A 609) of which I have already spoken ; and 
finally, the three samarium bands remain at the highest part of 
the series. These for the present I do not touch, having my hands 
fully occupied with the more easily resolvable earths. 

In the Comptes rendus for April 19, 1886, M. de Boisbau- 
dran announced to the Academy that M. de Marignac, the 
discoverer of Ya, had selected for it the name Gadolinium. In 
February last I gave a short note on the earth Ya (Proc. Roy. 
Soc., No. 243, February 1886, and NATURE, vol. xxxiii., p. 525) 
in which I described its phosphorescent spectrum (agreeing 
exactly with that given by Ya of M. de Marignac’s preparation). 
Referring to my paper it will be seen that Ya is composed of the 
following band-forming bodies :—(451), (549), (564), (597), (609), 
(619), together with a little samarium. Calling the samarium 
an impurity, it is thus seen that gadolinium is composed of at 
least four simpler bodies. The pair of green lines (A 541 and 
2.549, mean 545), being the strongest feature in its spectrum,may 
be taken as characteristic of gadolinium: the other lines are due 
to other bodies. 

A hitherto unrecognised band in the spectrum by absorption 
or phosphorescence is not of itself definite proof of a new ele- 
ment, but if it is supported by chemical facts such as I have 
brought forward there is sufficient prima facie evidence that a 
new element is present. Until, however, the new earths are 
separated in sufficient purity to enable their atomic weights to be 
approximately determined, and their chemical and physical 
properties observed, I think it is more prudent to regard them as 
elements on probation. I should therefore prefer to designate 
them provisionally by the mean wave-length of the dominant 
band. In this I am following the plan adopted by astronomers 
in naming the minor planets, which are known by a number 
encircled bya line. If, however, for the sake of easier discussion 
among chemists a definite name is thought more convenient, I 
will follow the plan frequently adopted in such cases, and pro- 
visionally name these bodies as shown in the following 
table :— 
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Mean wave- 
length of 

band or line 
Provisional 

name 
Position of lines 
in the spectrum Probability 

Absorption-bands ] { 443 Da New. 
in violet and? 451°5 Sa Dysprosium. 
blue. : \ | 475 SB New. 

Bright lines in— 
Violet. . . 456 Sy Ytterbium. 
Deep blue . 482 Ga New. 
Greenish - blue 

(mean of a 
close pair . 545 G8 Gadolinium. 

Green . 564 Gy New. 
Citron 574 G5 New. 
Yellow 597 Ge New. 
Orange 609 Sd New. 
Red .. 619 G¢ New. 
Deep red 647 Gn New. 

The initial letters D, S, and G recall the origin of the earths 
respectively from Didymium, Samarskite, and Gadolinite. 

Geological Society, May 26.—Prof. J. W. Judd, F.R.S., 
President, in the chair.—John Allen Brown was elected a Fellow 
of the Society. —The following communications were read :— 
Further proofs of the pre-Cambrian age of certain granitoid, 
felsitic, and other rocks in North-Western Pembrokeshire, by 
Henry Hicks, M.D., F.R.S., F.G.S. In this paper the author 
gave the results obtained by him during a recent visit to North- 
West Pembrokeshire. He stated that he had further examined 
some of the sections referred to in his previous papers, as well 
as others not therein mentioned, and that he had obtained many 
additional facts confirmatory of the views expressed by him in 
thove papers. The Lower Cambrian conglomerates and grits, 
he said, contained pebbles of nearly all the rocks in that area 
which he had claimed as of pre-Cambrian age ; and the frag- 
ments of the granitoid rocks, the felsitic rocks, the halleflintas, and 
of the various’rocks of the Pebidian series which he had found, 
showed unmistakably that those rocks had assumed, in all im- 
portant particulars, their peculiar conditions before the fragments 
were broken off. Moreover, he stated that there was abundant 
evidence to show that the very newest of the pre-Cambrian rocks 
of the area had been greatly crushed, cleaved, and porcellanised 
before any of the Cambrian sediments were deposited ; hence 
he maintained that there was in the area a most marked uncon- 
formity at the base of the Cambrian. At Chanter’s Seat, near 
St. David’s, he found that the Lower Cambrian grits and con- 
glomerates were, in parts, almost wholly made up of fragments 
of characteristic varieties of the granitoid rocks which form the 
Dimetian ridge near by. The so-called granite of Brawdy, 
Hayscastle, and Brimaston, he said, there was good evidence to 
show, was probably of the age of the granitoid rocks of St. 
David’s. The mass of so-called granite near Newgale, he 
stated, wis composed of rhyolities and breccias, undoubtedly of 
pre-Cambrian age. The Roch Castle and Trefgarn rocks, he 
stated, could not possibly be intrusive in Cambrian and Silurian 
strata, but belonged to a series of pre-Cambrian rocks. He 
referred to the important evidence bearing on the age of these 
rocks given in a paper communicated to the Society, since his 
last paper was read, by Messrs. Marr and Roberts. These 
authors showed that in a quarry near Trefgarn Bridge a Cam- 
brian conglomerate, overlain by Olenus-shales, is to be seen 
resting on the eroded edges of the Trefgarn series. The author 
examined this section lately, and obtained from the conglomer- 
ate some very large pebbles of the characteri-tic rocks called 
halleflintas, and of the ash-bands, both of which are found iz 
situ in the quarry. He therefore maintained that there was the 
most ample evidence to show that there was a great group 
of pre-Cambrian rocks exposed in North-West Pembrokeshire, 
and hence that he had proved conclusively that Dr. Geikie’s 
views in regard to these rocks, as given in his paper and more 
recently in his text-book, are entirely erroneous.—On sme 
rock-specimens collected by Dr. Hicks in North-Western Pem- 
brokeshire, by Prof. T. G. Bonney, D.Sc., LL.D., F.R.S., 
F.G.S. The author stated that he had examined microscopically 
a series of specimens collected by Dr. Hicks, and compared 
them with those described by Mr. T. Davies, in vol. xl. of the 
Quarterly Fournil, and with some in his own collection. He 
agreed with Mr. Davies’s conclusions in all important matters. 
The Chanter’s Seat conglomerate contained many grains of 
quartz aid felspar, curiously like those minerals in the so-called 

NATURE 

| mounting medium enabled objectives of small aperture to com- 

[Yune 17, 1886 

Dimetian, together with numerous small rolled fragments, about 
a quarter of an inch in diameter, exactly resembling the finer- 
grained varieties of that rock, besides bits of felsite, similar to 
some which occur in the St. David’s district, quartzite, a quartz- 
schist, and an argillite. The rocks iz si#w in the Trefgarn quarry 
were indurated trachytic ashes, together with the curious flinty 
rock which was the most typical of the so-called halleflintas, 
One of the pebbles from the overlying conglomerate perfectly 
corresponded with the last-named rock; others appeared to be 
most probably from an altered trachytic ash, differing only 
varietally from those iz sit, After prolonged examination 
of this ‘‘ha'leflinta” of Trefgarn and the similar rocks from 
Roch, he was of opinion that while it was possible that some 
specimens might be altered ashes, most of them were originally 
rhyolites or obs dians, devitrified, and then silicified by the pas- 
sage of water which had contained silica in solution. The 
Trefgarn group obviously could not be intrusive ia the Lower 
Cambrian, and it was extremely improba le that the Roch 
Castle series was newer than the basement conglomerate of that 
district. The Brawdy granitoid rock might be a granite, but at 
any rate it presented considerable resemblance to the ‘ Di- 
metian.” It was therefore evident that the Cambrian conglo- 
merate of St. David’s was formed from a very varied series of 
rocks, some of them much older than it, and that the Dimetian 
could not be intrusive in it. Moreover, even if the Dimetian 
should be proved ultimately to be a granite, and the core of a 
voleino which.had emitted the rhyolites, sufficient time must 
have elapsed after its consolidation and prior to the making of 
the conglomerate to remove, by denudation, a great mass of 
overlying rock. Hence, whatever its nature, it was pre- 
Cambrian.—On the glaciation of South Lan:ashire, Cheshire, 
and the Welsh border, by Aubrey Strahan, F.G.S., H.M. 
Geological Survey. By permission of the Director-General. 
The author stated that it may be concluded that (1) the striz on 
the English and Welsh sides respectively, while showing varia- 
tions among themselves, by a marked preponderance in one 
quarter of the compass, indicate a direction of principal glacia- 
tion, this direction being on the English side from about 
N.N.W., and on the Welsh fron about E.S.E. (2) The direc- 
tion of glaciation in both districts agrees very closely with that 
of the transportation of the drift, but is only locally influenced 
by the form of the ground. (3) The strice are by no means uni- 
versal, but are found almost exclusively in connection with those 
beds in the drift which contain evidence of the actual presence 
ofice. The stria are not such as can have been produced by 
valley-glaciers ; they go across and not down the valleys, nor 
are there any moraines. The marine origin of the drifts is indi- 
cated by their well-marked stratification as a whole, by the 
alternations of well-washed sands and gravels with the Boulder- 
clays, and by the occurrence through all the beds of marine 
shells. 

Royal Microscopical Society, May 12.—The Rev. Dr. 
Dallinger, F.R.S., President, in the chair.—The President re- — 
ferred to the death of Dr. J. Matthews, a member of Council, 
and a resolution of sympathy and condolence with the family 
was adopted.—Mr. J. Mayall, jun., exhibited and described a 
new pattern of the radial microscope by Mr. Swift, in which a 
rack was added to the arc, and a removable mechanical stage 
provided by which the object was clipped without any inter- 
mediate plate-—Mr. J. D. Hirst’s communication was read 
referring to the report in the Yowrnzal of the Royal Society of 
N.S. Wales, attributing to him the view that a highly refractive ~ 

pete in resolution with wide-angled oil-immersion objectives. 
Mr. Hirst explained that the report was so worded as to 
convey a totally erroneous impression of what he claimed, 
which was only that the highly refractive medium would render 
difficult test diatoms so easy to a good high angled water lens 
that the superiority of the oil-immersion objective will not be 
apparent, except under the very deepest eye-pieces.—Mr. C. D. 
Ahrens’s paper, on a new polarising prism, was read ; also Prof. 
Thompson’s letter in commendation of it as unrivalled for use 
as a polariser, having flat ends, wide angle, and absence of 
distortion or coloured fringes. —Dr. Sternberg’s paper on AZicro- 
coccus pasteuryi was read, in which he called attention to the 
characters which distinguish it in a very definite manner from the 
microbe of fowl-cholera, it differing from the latter, not only in 
its morphology, but in the fact that it is not fatal to fowls.—Mr. 
F. H. Evans exhibited sone photomicrographs produced by the 
Woodburytype process from negatives by himself, and transferred 
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to glass for lantern illustration. They were shown upon a 
portable screen by Mr. G. Smith of the Sciopticon Co. Mr. 
Evans claimed that he had been more than ordinarily successful 
in overcoming the chief difficulty in the matter, that of obtaining 
such a focus as would properly represent the various planes of 
eyen deep objects, and this without loss of natural effect. The 
objects illustrated comprised Diatoms and Desinids, Foraminifera, 
Polycystina, star-fishes, sections of Echinus spines, insect prepara- 
tions, animal parasites, and anatomical and vegetable sections, 
the remarkable clearness of most of the photographs calling 
forth frequent favourable comments from the Fellows present. 

Entomological Society, June 2.—Mr. R. McLachlan, 
F.R.S., President, in the chair.—The following gentlemen were 
elected Fellows, viz. Mr. C. Baron-Clarke, M.A., F.R.S., Mr. 
Dannatt, Mr. H. Wallis-Kew, Mr. J. P. Mutch, Mr. B. W. 
Neave, Mr. A. C. F. Morgan, and Mr. W. Warren, M.A.— 
Mr. Stevens exhibited an example of Heydenia auromaculata, 
from the Shetlands, a species new to Britain.—Dr. Sharp exhi- 
bited certain specimens of Sva¢hylinide, specially prepared and 
placed in cells of cardboard, sealed up with layers of bleached 

shellac.—Mr. Billups exhibited Afécorus Juridus, Ruthe, a 
species of /chneumonide new to Britain.—Mr. W. White exhi- 
bited cocoons of Cerura vinula, and made some observations as 
to the mode by which the perfect insect escapes from these solid 
structures. He thought that formic acid secreted by the insect 
was a probable factor in the operation. The question of how 
the parasitic /chneumonide and Diptera escaped from these 
cocoons was also raised, and the President, Baron Osten-Sacken, 
Mr. Waterhouse, and Prof. Meldola, made remarks on the sub- 
ject.—Mr. Elisha exhibited living larvae of Geometra smarag- 
daria, from the Essex marshes. He also exhibited the singular 
pupe of 4. dennettii.—Mr. Howard Vaughan exhibited a long 
series of Peronea hastiana, showing the innumerable varieties of 
the species. He also exhibited, on behalf of Mr. Sidney Webb, 
of Dover, an interesting series of Cidaria suffumata, and read 
notes on the varieties of this species, communicated by Mr. 
Webb. Mr. Jenner-Weir, Mr. Waterhouse, Dr. Sharp, Mr. 
Distant, and Mr. Stainton took part in the discussion which 
ensued. —Mr. A. G. Butler communicated a paper on new 
genera and species of Lepidoplera-Heterocera from the Au-tralian 
region, in which 21 new genera, and 103 new species were 
described. —Dr. Baly communicated a paper on uncharacterised 
species of Diaby otica. 

EDINBURGH 

Mathematical Society, June 11.—Dr. R. M. Ferguson, 
President, in the chair.—Mr. Alexander Robertson discussed a 
problem in combinations.—Mr. John Alison gave a mnemonic 
for a group of trigonometrical formule.—Mr. A. Y. Fraser 
read a communication from Mr. George A. Gibson on integra- 
tion by parts and successive reduction. 

PARIS 

Academy of Sciences, June 7.—M. Jurien de la Graviére, 
President, in the chair.—Remarks on the works of M. Jean 
‘Claude Bouquet, by M. Halphen. To this notice is appended 
alist of the scientific writings of the illustrious mathematician, 
who was born at Morteau, Franche-Comté, on September 7, 
1819, and died on September 9, 1885.—A new method of deter- 
“Mining the refractions of light at all altitudes by means of the 
known value of one alone (continued), by M. Loewy. The 
formulas are here given by which various refractions may be 
found after one has been determined by the method already 
explained.—On the part played by Lavoisier in determining the 
unit of weight in the metrical system, by M. C. Wolf. The 
‘imperfect data contained in Delambre’s ‘Base du Systéme 
-Metrique” are here supplemented from fresh documents tracing 
the action of Lavoisier in determining the various standards of 
weight in the metrical system adopted by the French Govern- Wee 
oe at the close of the last century.-—Heat of combustion and 
ormation cf the sugars, hydrates of carbon, and allied poly- 

atomic atoms, by MM. Berthelot and Vieille. By their new 
‘method the authors have at last succeeded in ef’ecting complete 
combustion of the sugars by free oxygen, thereby correcting the 
determinations already obtained by Rechenberg with the chlorate 

| of potash for mannite, dulcite, lactose, saccharose, cellulose, and 
‘some other substances.—Fresh observations on the ammonia 
present in the ground, by MM. Berthelot and André. In reply 
io M. Schlcesing’s last note the authors deal with the interesting 

| Poblems suggested by that chemist’s remarks on the laws regu- 

7 

‘ating the interchange of ammonia between the atmosphere and 
the earth.—On the atomic weight and the spectrum of germanium, 
by M. Lecocq de Boisbaudran. Under the induction-spark a 
fine specimen of this element received from M. Winkler yields a 
beautiful spectrum withremarkably bright blue and violet rays, with 
atomic weight 72°27. Germanium would therefore appear to lie, 
not between bismuth and antimony, as at first supposed, but 
between silicium and tin, like the ekasilicium of Mendelejeff’s 
classification. Winkler had fixed its atomic weight provisionally 
at 72°75.—Note on the age of the Pikermi, Mount Leberon, 
and Maragha fauna, by M. Albert Gaudry. The author's obser- 
vations induce him to refer this geological epoch rather to the 
Middle than to the Upper Tertiary.—Researches on gelatine, by 
M. P. Schutzenberger.—Influence of the anzesthetic vapours on 
the living tissues, by M. R. Dubois. The paper gives a descrip- 
tion of the action exercised by the vapours of chloroform, ether, 
sulphuret of carbon, and alcohol on the protoplasm of the animal 
and vegetable tissues. The action is regarded not so much as 
one of coagulation, as of substitution analogous to that obtained 
by Graham when studying the effects of ether, alcohol, &c., on 
the mineral colloidal hydrates.—Observations of the comet ¢ 
(1886) made at the Observatory of Lyons with the Brunner six- 
inch equatorial, by M. Gonnessiat.—Note on the herpolhodie, by 
M. Hess.—Extension of the general law of solidification to 
thymol and napthaline, by M. F. M. Raoult. ‘The figures 0°61 
and 0°64, here determined for these two substances, approach as 
nearly as possible to 0°62 given by the author’s general law of 
solidification announced some years ago.—On a visual illusion 
and the apparent oscillation of the stars, by M. H. de Parville. 
The phenomenon of the apparent motion of slightly illumined 
bodies in the midst of darkness is here associated with that 
of the apparent motion of the stars known to the Germans 
by the name of Sternschwanken.—Action of the hydrogenated 
acids on vanadic acid, by M. A. Ditte.—Action of the 
oxide of lead on the hydrochlorate of ammonia, by M. F 
Isambert. This reaction, which absorbs heat, is shown to be 
entirely analogous to a phenomenon of dissociation, and con- 
trolled by the ordinary laws of dissociation.—Note on the molyb- 
date of cerium, by M. Alph. Cossa. The form of this substance 
prepared by different processes by the author and M. Didicr, 
confirms the strict analogy of molecular structure between certain 
combinations of the metals of cerite and the corresponding 
combinations of calcium and lead.—Note on a new alloy of 
aluminium, by M. Bourbouze. This useful alloy, consisting of 
Io parts tin and 1:0 aluminium, is white, and has rather a higher 
density (2°85) than the pure metal.—On the presence of chole- 
sterine in some new fatty substances of vegetable origin, by 
MM. Ed. Heckel and Fr. Schlagdenhauffen.—On the presence 
of cholesterine in the carrot; researches on this direct prin- 
ciple, by M. A. Arnaud. The cholesterine yielded by the 
carrot contains : carbon, 83°90 ; hydrogen, 12°20 ; oxygen, 3°90. 
It is insoluble in water, but very soluble in boiling alcohol, in the 
sulphuret of carbon, chloroform, and oils. It thus differs little 
from animal cholesterine, and is absolutely identical with the 
substance derived by Hesse from the Calabar bean.—Note on 
piliganine, the alkaloid of Lycopodiacea from Brazil, by M. 
Adriau. The piligan plant, which yields this principle, is a 
lycopod closely allied to the European Z. Se/ago, and probably 
the variety known in Brazil as Z. Saussurus. The extract is a 
strong poison, soluble in water, in alcohol, and chloroform.—Re- 
searches on the vegetable development of the sugar beetroot, by 
M. Aime Girard.— On the crystalline form of the pyrophosphates 
and hypophosphates of soda, by M. H. Dufet.—Cn anthophyllite, 
an orthorhombic amphibole with two prismatic cleavages, m 
(110) (7 = 125° about), anda third, 2’ (oro), by M, A. La- 
croix.—On the development of the elements of the gray cortical 
substance of the cerebral circumyolutions, by M. W. Vignal.— 
On a chronometer with magnetic coupling, by M. A. d’Arsonval. 
This is an apparatus constructed at the suggestion of M. Brown- 
Séquard for the purpose of determining the velocity of sensitive 
impressions transmitted through the spinal marrow in a normal 
or pathologic state. —Note on sacculine, by M, Y. Delage. The 
author replies to the objections recently urged by M. Giard 
against some cf the results announced by him on the evolution 
of sacculine.—On the internal air of i: sects compared with that 
of plants, by M. J. Peyrou.—On the stratigraphic structure of 
the Sierra Nevada and Sierra de Ronda, South Spain, by MM. 
Ch. Barrois and Alb. Offret.-—On the geology of the Central 
Tunisian region between Kef and Kairwan, by M. G. Rolland. 
—Cn the genus Sornia, F. Roemer, one of the most charac- 
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teristic fossil plants of the Kulm and Upper Devonian forma- 
tions, by M. B. Renault. 

BERLIN 

Physiological Society, May 14.—Dr. Kossel reported on 
Experiments instituted by Dr. Raske in the chemical division of 
the Physiological Institute, under his superintendence, on the 
chemical composition of the brain of the embryos of horned 
cattle. The occurrence of definite chemical substances, for 
example, elastine, keratine, cerebrine, in altogether special 
tissues, made it appear desirable to establish whether, during 
the process of development, the chemical composition or the 
morphological structure was the primary. Seeing that the brain 
of the embryo was very lymphatic, the composition and quantity 
of the lymph, which saturated all tissues of the embryo, were 
first ascertained and subtracted from the collective mass. ‘The 
values found in two brains were compared with the results of 
the chemical investigation of brains carried out a considerable 
time ago in the laboratory of Prof. Hoppe-Seyler, The in- 
vestigation referred to had shown that the gray substance 
of the brain of full-grown cattle differed essentially from 
the white substance. ‘The gray substance, in the first place, con- 
tained but very little cerebrine, probably none at all ; the white 
substance, on the other hand, contained more than 9 per cent. 
of the dry material. The gray substance was further distin- 
guished from the white by its less amount of cholesterine and 
its greater quantity of albumen and extractives. In the defect 
in cerebrine, in the small amount of cholesterine, and in the 
copious supply of albumen and extractives, the brains of the 
embryos of horned cattle held exactly the same position as did the 
gray substance of grown-up brains, — It was only in the quantity 
of lecithine and of salts that the embryonal brains demonstrated 
any difference from the gray substance. The embryonal brain 
was, therefore, very essentially distinguished from the white 
substance—a phenomenon in harmony with the fact that in the 
embryonal brain medullated nerve-fibres were not met with.— 
Prof. Christiani handed in his book published last year, ‘* Zur 
Physiologie des Gehirns,” and added some statements in corro- 
boration of the view there set forth regarding the power of 
seeing on the part of rabbits after complete extirpation of 
Munck’s sphere of vision. Prof. Gudden and Prof. Luciani had 
also, he said, found animals which after such operations had 
yet the power of sight. He sharply defined the difference 
between Prof. Munk and himself by saying that the former 
maintained an animal mst be totally blind after excision of 
the sphere of vision on both sides, whereas his own observa- 
tions allowed him to take up the position only that an 
animal after such an operation might get totally blind.—Dr. 
Virchow communicated the results of the investigations carried 
out by Herr Canfield, in the Anatomical Museum, into the 
accommodation apparatus of a bird's eye. In order to get at 
a knowledge of the physiological process of accommodation 
in the highly developed bird’s eye, the anatomical substra- 
tum required to be gained. The investigation brought to light, 
in point of fact, a very long series of differences in the arrange- 
ment and development of the different formations of the appara- 
tus situate between cornea, sclera, lens, and iris, among the 
different species of birds, great horned owl, owl, starling, dove, 
goose, and others. These differences the speaker illustrated by 
drawings, but no physiological explanation of them had yet 
been arrived at.—-Dr. Gossels had made experiments regar 
ing the secretion of nitrates through the urine in men and 
birds (duck and fowl), the nutriment administered having been 
in every case the same, nitrates being in some instances given, 
and also in some instances not given. By these experiments it 
was demonstrated that, in the case of animals secreting uric 
acid, a large part of the nitrates that had been partaken was again 
excreted, but that a still larger part disappeared in the body. 
As to what became of these latter nitrates, the speaker was not 
disposed to set up any hypothesis. —Prof. Zuntz, referring to the 
latter point, observed that several years ago it had been noticed 
in his laboratory that, after partaking of nitrate of ammonia, 
animals exhaled free nitrogen. A part at least of the nitrates, 
therefore, in accordance with this observation, was decomposed 
in the body and reduced to free nitrogen. 

STOCKHOLM 

Geological Society, March 4,—Hr. C. W. Crongvirt gave 
an account ofthe formation of iron ochre in some little lakes in 
the province of Helsingland. The lakes drew their water from 
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the surrounding iron-containing streams. The yellow ochre 
seemed to collect on the clay, and the brown on the sand-bottom 
of the lakes. A factory has been started for its utilisation,— 
Prof. W. C. Brogger gave an account of the Olenell zone of 
North America, maintaining that this zone, with its peculiar — 
fossils, which in several instances seemed to be the original 
types for varieties subsequently appearing, did in America—as 
well as had been long known to be the case in Scandinavia— 
occupy a very low place in the geological strata below the true 
Paradoxide slate. —Hr. F. Tegraus gave an account of his studies 
of the glacial formations on the Island of Gothland, in the 
Baltic. He stated that blocks and drifts proved that the 
glaciers had first moved in a south-westerly and afterward 
in an easterly direction. He.had never found true ridges on the 
island, but certainly shore-terraces and terminal moraines.— Hr, 
IE, Svedmark exhibited a specimen of argyrodite sent by Prof. 
Norkenskjéld, which contains the newly-discovered element 
germanium. 
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MR. MINCHIN’S TREATISE ON STATICS 

A Treatise on Statics, with Applications to Physics. 

By G. M. Minchin, M.A. Vol. II. 3rd ed. (pp. §12 + vi.). 

Clarendon Press Series. (Clarendon Press, Oxon, 

1886.) 

HIS new edition of this work has been separated 
into two volumes. The first volume (351 pp.), 

dealing with “ Equilibrium of Coplanar Forces,” aims at 
the standard of Undergraduate Honours ; it is noticeable 

for the frequent use of graphic methods and for a long 
discussion on funicular polygons (now forming so im- 
portant a help in graphic applications to engineering) ; 

this was published in 1884. The second and longer 
volume is a masterpiece of constructive skill in the 

adaptation of modern methods ; it is particularly notice- 
able for the introduction of the theory of screws and of 
astatic equilibrium, also for an extensive selection of 

excellent examples, and for the free use of hyperbolic and 
elliptic functions in solutions: the reading required is 
thus considerable ; it is, in fact, intended for those who 

seek Honours. The work is so much improved in this 
edition that it merits an extended notice. The second 
volume is divided into only seven chapters, each of which 
is an essay on its special subject. The numbering of 

chapters and articles is continuous with Vol. I., whilst the 
pagination is distinct. 

Chapter XIII. (the leading chapter, 64 pp.) deals with 
Non-Coplanar Forces, and contains the usual proposi- 
tions (16 pp.) about compounding and resolving forces 
and couples, about resultants, equilibrium, and central 
axis: then follow (48 pp.) the theory of screws, cylin- 
droids, complexes, and degrees of freedom ; the construc- 

tions given for the cylindroid are neat : in one the surface 
is traced by the blades of a pair of scissors, which open 
horizontally at a uniform rate, whilst the rivet falls 
vertically ; this gives a vivid idea of the surface. 

Chapter XIV. (34 pp.) treats of Astatic Equilibrium, 
which is defined to be a balance amongst forces of fixed 
magnitudes and directions at definite points of a body 
subject to displacement. This is treated by quaternions, 
the Cartesian method being found cumbrous. It is shown 

that a system of forces can always be astatically balanced 
by a set of ¢/ree forces in any given directions (and even 
by three equal rectangular forces) applied at three points 
lying in a plane fixed in the body, and also by two 

_ forces if these points lie in a line, or by one force if they 

coincide (the general proof of all this is easy by ele- 
mentary methods). This subject has some practical 
application in electrical measurements, for which an 
astatic magnet-pair is much used, and in seismometry, 

for which it has been sought to make pendulums astatic 
for small displacements (see Milne’s new work on “ Earth- 
quakes,” p. 26). 

Chapter XV. (91 pp.) treats of Virtual Work. The 
term “ work-coefficient” has here been with great ad- 
vantage introduced to replace the lengthy and ¢xcorrect 
term “generalised component of force.” Lagrange’s 
method is treated of at length ; its advantage is shown to 
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consist in reducing all problems to the case wherein the 
displacements are independent, by introducing internal 
forces to represent the constraints. One disadvantage is 

its undue length, most marked in simple cases. Another 
is a decided risk of error in estimating the work of the 

internal forces ; instances of error due to thisin Lagrange’s 

researches are shown, ey. the cases (1) of an inextensible 
surface wherein Lagrange assumes (incorrectly) that 

6¢S = 0 fully expresses the inextensibility ; and (2) of an 
extensible surface wherein he assumes (incorrectly) the 
work of internal deformation to be simply proportional 

to dS; and (3) of an elastic wire wherein Lagrange over- 

looks the distortion. A brief summary of Jellett’s re- 

searches on inextensible surfaces is given, and it is 

shown that such a surface is quite determinate (and there- 
fore not deformable) if any bounding edge of it be fixed, 

except it be anticlastic or developable, which latter 
admit of deformation when certain edges only on them 

are fixed. The surface-tensions of liquid-films are in- 

vestigated (12 pp.), and the experimental way of pro- 

ducing several such forms is given, and their stability 

discussed. 
Chapter XVI. (45 pp.). On Strings and Springs. —The 

properties of strings in general, also on rough and smooth 
surfaces, are discussed, with some cases of the extensible 

string; next those of plane elastic rods and plane 
springs ; lastly, those of a twisted wire (20 pp.): this last 
is important in electrometers. The interesting A2netic 

analogies are shown (1) of a plane elastic rod with the 
simple pendulum, and (2) of a bent and twisted uniform 

wire with a heavy mass moving about a fixed point, viz. 

that the differential equations in the analogous problems 
are similar. 

Chapter XVII. (123 pp.), on Attraction, is divided into 

four sections. 
Sec. I. (29 pp.). On Attraction in General.—It is 

explained that the law of gravitation implies that the 
attracting particles must be very small compared with 

their distance. Notice is most usefully drawn to this 

limitation several times in the sequel, ¢.g. it is shown that 

the Cartesian expressions see to give indeterminate 
attraction for very close points ; also that for attractions 
more rapid than 1/7” the attraction on an internal point is 

really infinite. 

Sec. II. (40 pp.). On Potential.—In the definition the 
usual idea of motion from infinite distance has been 
dropped, and the definition runs as the work done in 
bringing a tiny mass from a position of zero attraction, 
&c. (not from infinity): this is much better. The con- 
tinuity of the gravity-potential and of its first derivatives, 

the discontinuity of its second derivatives, the absence of 
maxima or minima thereof in empty space, and the insta- 

bility of equilibrium under gravitation to several masses 
are shown. ‘The application of the method of inversion 

is given; and, amongst many examples, Thomson’s solu- 

tion of the attraction of a spherical sheil whose density 
e (distance)*. 

Sec. III. (13 pp.). On Ellipsoids.—After the usual 
investigation of their attraction, it is shown that the sur- 
faces of prolate and oblate spheroids are not equi- 
potential: various problems interesting in the figure of 
the earth are given. 

Sec. IV. (42 pp.). Spherical Harmonics,—Green’s equa- 
I 
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tion is deduced and its consequences investigated, 
especially in helping to find potential. Spherical Har- 
monics occupy the next thirty-two pages. The very con- 

venient and appropriate name “Laplacian” is here 
assigned to the important “ Laplace’s coefficients”: by 
analogy the name “ Legendrian” might well be applied 
to Legendre’s coefficients ; short terms of this kind are 

useful, and commemorate the inventors. The usual de- 
velopments are given; the applications to symmetric 

bodies are interesting, e.g. a potential function (ze. one 
such that V2v = 0), which is the potential of a sym- 

metric body for all points on its axis, is ¢#e potential of 

the body. 
Chapter XVIII. (103 pp.), on Small Strains and 

Stresses, is divided into three sections. 
Sec. I. (32 pp.). Small Strains.—This treats of the sza// 

strains (changes of shape or size) of a body without refer- 

ence to their causes. It is shown that straight lines, 
planes, and parallels remain such, whilst spheres become 

ellipsoids, &c., and there is always one line of no rotation 
at every point. It is also shown that every strain may be 
resolved into a pure strain and a rotation, and that the 
strain proper may be produced by three elongations, or 

by one elongation and a contraction all round an axis 

(this is called traction). Torsion is shown to be equiva- 

lent to shear, and shear to be equivalent to an extension 

and contraction, &c. 
Sec. II. (22 pp.). Stress.—This treats of internal stress | 

apart from concomitant strain. The usual composition 
and resolution are investigated, the work of an actual | 
strain and the virtual work of virtual strain are found, 

and the latter is shown to be an exact differential. 

Sec. III. (49 pp.). Stress and Strain.—The relations 

between the moduli of compression (4) and distortion (i), 
the contraction-coefficient (7), and Young’s modulus (/) 

are first traced for isotropic bodies, and the strain- and 
stress-potentials found for the same, and it is shown that | 

every force-system produces definite strain. The work 
in pure compression and pure twisting is investigated, 

and it is shown that twisting couples applied at ends of a 
cylinder produce pure torsion only in a circular cylinder, 

so that in other cases the plane sections are deformed. 
The theory of the slightly bent plane beam is investi- 

gated as far as the theorem of three moments. In hetero- 

tropic bodies it is shown the conservation of energy 

reduces the number of independent elasticity- coefficients 
from thirty-six to twenty-one. St.-Venant’s reduction to 
fifteen for cases where the mutual action of two particles 

is independent of other particles is discussed, and is 
shown to lead to the value n = ; for the lateral contrac- 
tion-coefficient of an isotropic body. Maxwell’s researches 
on the propagation of gravitation are reproduced, and 

are described as showing that gravitation could be pro- 
duced by a certain stress over a closed surface propa- 
gated through an all-pervading medium (ether) transfer- 
ring strain like a solid, but further research shows that 

this ether is not quasi-solid. 
Chapter XIX. (45 pp.). Electrostatics.—After the usual 

elementary propositions it is shown that a “line of force” 

meeting an electrified conductor obliquely is refracted, 
and that the charge-distribution over an isolated body is 
determinate : this leads to interesting problems in soap- 
bubbles. It is shown from Green’s equation that a 

hollow conductor screens its contents from outer electric 
disturbance ; thishas a practical application in protection 
of delicate instruments inside a metallic cage. Lastly, — 

the theory of electric images is discussed, and examples 
given. j 

From the full analysis given it will be seen that the 
work is a most important one: it is, in fact, one of the 

best treatises of the day. 

ALLAN CUNNINGHAM, Major, R.E. 

we, 

THE CRUISE OF THE “BACCHANTE” 

The Cruise of Her Majesty's Ship “ Bacchante,’ 1879-82. 

Compiled from the Private Journals, Letters, and Note- 

books of Prince Albert Victor and Prince George of 
Wales, with Additions by John N. Dalton. Two Vols. 
(London : Macmillan and Co., 1886.) 

O us the chief interest of these two bulky volumes 

lies in the fact that they are the record of what we 

may call the technical education of our future King and 
his brother. It was a right and proper thing for the 

Prince of Wales to do to see that his sons should become 
personally acquainted with the leading sections of that 
great Empire with the conduct of which they will in the 
future have so much to do. Indeed, in these times, when 

our colonies are coming so conspicuously to the front, 

when their affairs are regarded as of Imperial importance, 

it might be a good thing to insist that our Colonial Secre- 

taries should follow the princes’ example, and that no one 

should be considered qualified for the post of Minister for 

the Colonies who had not studied their affairs on the spot. 

Technical education is considered essential nowadays to 

any one occupying a responsible position in even the 

humblest of callings; but we fear that statesmanship is 

still beyond the pale of science. 

In the volumes before us Canon Dalton has the lion’s 

share. The princes’ contributions have been edited by 

him from their diaries, note-books, and letters ; while he 

himself contributes long sections in which he brings to- 

gether much useful information, and discussions on the 

affairs of the various colonies visited. Of course the 

writings attributed to the princes are no doubt much 

indebted to the superintendence of their tutor; at the 

same time the boyish hands can be traced throughout. 

The whole work is creditable both to the princes and to 

Canon Dalton. They certainly worked hard both at their 

books and at their duties as middies ; for in all respects 

when on board ship they were treated precisely as their 

mates. They evidently took a genuine interest in their | 

duties on board ; took a pride in mastering all the details 

of navigation and the working of a war-ship like the 

Bacchante,; were as eager to pass their examinations as 

if their future careers depended on the result. Much of 

their share of the work consists of details as to the day’s 

cruise, their own work as officers, the exercises proper to 

such a ship, and the incidents of the gun-room. Mixed 

up with this are the results of their own observations in 

the countries visited, information gathered during their 

visits or from books, their experiences when sojourning 

in the colonies, in Japan and other countries, with occa- 

sional reflections suggested by all this. Canon Dalton’ 

contributions are more solid and serious. He enters int 
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long details on the history and present condition of the 

colonies, referring at length to the various questions that 

are uppermost in each, giving as a rule fairly the views 

of the various parties, though by no means abstaining 

from showing his own leanings. Certainly the work con- 
tains a vast amount of useful statistical, historical, in- 

dustrial, and commercial information on our colonies, and 

will be found of service to any one desirous of getting up 

the subject. Of course it is not to be expected that a 
work like this will contain much that is novel or of 

scientific value. In Japan the princes indeed saw a 
great deal which is not likely to come in the way of the 
ordinary visitor; while a large portion of the second 

volume is devoted to | gypt and the Holy Land, which 

they explored under the guidance of such specialists as 
Capt. Conder and Sir Charles Wilson, and therefore are 

able to record much of real and almost unique importance 
in the geography and antiquities of those interesting 

countries. 
What can Canon Dalton mean by permitting the inser- 

tion of the following entry, without note or comment? 
The apparition is stated to have been seen on the passage 

from Melbourne to Sydney :— 

“July 11.—At 4 a.m. the Flying Dutchman crossed 
our bows. A strange red light as of a phantom ship all 
aglow, in the midst of which light the masts, spars, and 
sails of a brig 200 yards distant stood out in strong relief 
as she came up on the port bow. The look-out man on 
the forecastle reported her close on the port bow, where 
also the officer of the watch from the bridge clearly saw 
her, as did also the quarterdeck midshipman, who was 
sent forward at once to the forecastle ; but on arriving there 
no vestige nor any sign whatever of any material ship was 
to be seen either near or right away to the horizon, the 
night being clear and the sea calm. Thirteen persons 
altogether saw her, but whether it was Van Dremen 
or the Flying Dutchman or who else must remain un- 
known. [Here are a few German verses on the phantom 
ship.] The Zourmalene and Cleopatra, who were sailing 
on our starboard bow, flashed to ask whether we had 
seen the strange red light. At 10.44 a.m. the ordinary 
seaman who had this morning reported the Flyzng 
Dutchman fell from the foretopmast crosstrees on to the 
topgallant forecastle and was smashed to atoms. At 
4.15 p.m. after quarters we hove to with the headyards 

He was a smart 
royal yardman, and one of the most promising young 
hands in the ship, and every one feels quite sad at his 
loss.’ 

Then follows a statement about the admiral having 
been “struck down,” as if it had some connection with 
the apparition. 

The cruise of the princes, which lasted from September 
1879 to August 1882, was divided into two well-marked 
sections. The first, extending to May 1880, included 

visits to Gibraltar and the Mediterranean, Madeira, the 

Canaries, West Indies,and Bermudas. After a long visit 

to Vigo, the second part of the cruise was begun in 

August 1880. By Ferrol, Madeira, and the Cape Verde 
Islands the River Plate was made, where some time was 
spent ashore. After touching at the Falkland Islands, a 

run was made to the Cape, where several weeks were 
spent, during which the princes visited several parts of 

Cape Colony, and showed special interest in the Observa- 
tory under Dr. Gill. In the spring of 1881 a jong, 
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stormy, and dangerous run was made across the southern 
Indian Ocean to Cape Leeuwin in West Australia, where 

the Lacchante was compelled to remain some time on 
account of damage to her rudder. This gave the princes 
an opportunity of becoming familiar with the peculiar geo- 

graphical conditions of West Australia, and seeing the 
actual conditions of colonial life, Then followed long visits 

to South Australia, Victoria, New South Wales, and 
Queensland. Some time was spent in the Fiji Islands, of 
which the princes sawa good deal. Thence a straight run 

was made for Japan, where the princes had a very busy 
time indeed in visiting the many sights of that interesting 
country. Touching at Shanghai, Canton, and the Straits 

Settlements, the Bacchante reached Ceylon, where the 

princes met Prof. Haeckel, and showed a good deal of 

interest in him and his work. Then up the Red Sea to 
Egypt, where and in Palestine three months were spent, 

months of pretty hard work for the princes. Touching at 
Greece, Crete, Ceylon, Sicily, and Gibraltar, the Bacchante 

passed out of the Mediterranean and reached home on 
August 5, 1882, after a cruise during its whole commission 

of 54,679 miles. There are numerous attractive illustra- 

tions in the book, one small map of the world, showing 

the route, and numerous sectional charts drawn by the 

princes themselves. 

OUR BOOK SHELF 

Dogs in Health and Disease, as Typified by the Grey- 
hound. ®By J. S. Hurndall. Pp. vii. 81. (London: 
E. Gould and Son, 1886.) 

Dogs: their Management and Treatment in Disease. By 
G. Ashmont. Pp. v. + 212. (London: Sampson Low, 
1885.) 

THE first of these two manuals is intended to assist 
owners of dogs in diagnosing the complaint from which 
the animal is suffering, and to suggest remedies which 
may be applied until professional advice can be secured. 
The book advocates the “‘homceopathic ” system of treat- 
ment, and the first twenty-five pages are devoted to a 
general exposition of this system ‘‘in simple unconyen- 
tional language.” 

The second book is much fuller in detail, and is evi- 
dently suitable as a hand-book for the veterinarian ; the 
mode of treatment differs very considerably from that 
recommended in Mr. Hurndall’s manual, but we must 
leave to those practically acquainted with the subject the 
decision as to the relative merits of the two systems. 
The section relating to hydrophobia is naturally of in- 
terest at present ; this disease is more fully treated than 
any other, though the author points out its extreme 
rarity ; nevertheless it is admitted that the danger to 
persons bitten by a really mad dog is considerable—one- 
third to four-fifths of the cases, according to whether the 
wound has or has not been cauterised, are said to be 
fatal. On the other hand, Mr. Hurndall (p. 52) quotes 
eighty cases of persons bitten by mad animals, of which 
not a single one terminated fatally. 

The section relating to parasites is somewhat meagre, 
though the author may be right in saying that the study 
of these animals more nearly concerns the zoologist than 
the veterinarian. These principles are perhaps carried a 
little too far when Ascaris marginata is spoken of as a 
“Jumbricoid” which “resembles the common earth- 
worm.” The book is carefully written, and free frorn 
obvious misprints, but the large amount of matter com- 
pressed into a small volume has rendered necessary the 
use of rather inconveniently small type. F. EB. 
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Our Island-Continent: a Naturalists Holiday in Aus- 
tralia. By Dr. J. E. Taylor, F.L.S. With Map. 
(London: S.P.C.K., 1886.) 

Dr. TAYLOR took a trip to Australia for his health, during 
which he visited South Australia, Victoria, and New 
South Wales. He has of course scarcely anything new 
to tell us, though his little book is pleasant reading, and 
many features of the island-continent are brought out 
that would only strike a naturalist. Why does Dr. Taylor 
not state the year of his visit ? 

The Handy Guide to Norway. By Thomas B. Willson, 
M.A. (London: Stanford, 1886.) 

THIS is a business-like and compact guide which can 
easily be put into the tourist’s pocket, though its price is 
rather surprising. This is probably due to the fact that 
it contains many sectional maps, an exceedingly useful 
feature to the intelligent traveller. The appendix on the 
Flora and Lepidoptera of Norway, by Dr. R. C. R. 
Jordan, will prove serviceable to the tourist interested in 
natural history. 

Mountain Ascents in Westmoreland and Cumberland. 
By John Barrow, F.R.S. (London: Sampson Low 
and Co., 1886.) 

Mr. Barrow is an experienced Alpinist, but has a genuine 
appreciation of the gentler heights of his native land. 
He has ascended nearly every peak of any consequence 
in the Lake region, and this volume describes simply and 
clearly how he did it. The book will be useful as a guide 
to any who wish to follow Mr. Barrow’s example ; while 
the notes on the botany of the district render it of some 
scientific interest. 

An Account of a West Indian Sanatorium, and a Guide 
to Barbados. By the Rev. J. H. Sutton Moxly. (Lon- 
don: Sampson Low and Co., 1886.) 

THIS is a special plea for Barbados as a health resort, 
and Mr. Moxly adduces many facts in support of his 
position. The climate is superb, and the great drawback 
is want of drainage, giving rise to epidemics of typhoid 
fever. The book is well worth perusal by those in search 
of a winter-summer. The book will be useful as a guide, 
though we regret to note the absence of any map. 

LETTERS TO THE EDITOR 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents: Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.) 

Fishermen’s Foul Water 

PERMIT me to call attention to the fact that the small gela- 
tinous masses that annually, about this time, cause the sea-water | 
to become what fishermen call “foul,” are now in great abund- 
ance on this coast. Their recurrence this year being somewhat 
later than usual is doubtless owing to the low temperature of 
May. 

On viewing a sample of the water in a glass vessel, the 
spherical and pyriform masses giving a brownish tinge are 
readily seen ; and a pocket lens makes evident the presence of 
large specimens of the diatom Hucampia britannica that are 
seen as perfect spirals, some of which have four or five complete 
turns, and also some filamentous rods. Microscopic examination 
of the sediment deposited in the course of a few hours enables 
one to see RAzzosolenia, Asterionella, and several other diatoms 
whose names are not known to me. 

Respecting the gelatinous bodies, I may remark that they are 
studded with granules that appear to be nucleated. 

In one of these masses that I have had under observation 
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to-day there has been a gradual segregration of the embedded 
germs, and this evening these exhibit individual movements 
which I think indicate the existence of cilia, although with a 
j-inch objective and C eye-piece (the highest power at hand) I 
cannot distinguish the cilia themselves. 

It will be interesting to know how far round our shores at the 
present time these organisms extend, and I hope, by thus again 
directing attention to them, that some one more competent than 
myself will be led to investigate their life-history. 

Sheerness W. H. SHRUBSOLE 

Solar Halo 

AT 6 p.m. this evening I observed an unusual halo and mock 
suns, a diagram of which is annexed. 

F Cc 

G Oo Oo 
B A B 

A, the sun; B, B, mock suns; ¢, portion of halo, convex side towards sun ; 
D E, portion of halo, concave side towards sun; F G, portion of halo 
touching DEatH. Distance—a to B, 22°; A to C, 22°; A to H, 44. 

The sky after having been overcast for the largest portion of the 
day was at this time fairly clear; very little lower cloud, but a 
good deal of cirrus. The measurements were observed with a 
sextant, and were exactly as given, reading the even degree in 
both cases. T. H. TizarpD 

H.M.S. Z7i/on, Great Yarmouth, June 21 

Ampere’s Rule 

In reviewing Mr. L. Cumming’s ‘‘ Electricity Treated Expe- 
rimentally,” ‘* J. T. B.” (NATURE, May 27, p. 74) humorously 
points out how easily students may get confused in trying to 
make use of ‘‘ Ampére’s rule.” There is another rule, published 
by Pfaundler if I am not mistaken, which is in so far much 
simpler, as it does not compel the imagination to fancy move- 
ments and actions of the human body which it in reality never 
could perform :— 

“* Follow the direction of the current in moving the 77g/¢ hand 
along the wire, but holding it so that the stretched fingers are 
parallel to the wire and the palm is turned towards the north 
pole of the magnet. The outstretched thumb then gives the 
direction in which the north pole will be deflected.” 

Dresden-Striesen, June 12 G. DAEHNE 

THE A.O.U. CODE AND CHECK-LIST OF 
AMERICAN BIRDS 

Some few years since the British Ornithologists’ Union 
appointed a Committee to draw up and publish an 

authoritative list of the birds of the British Islands. This 
Committee consisted of the following English ornitholo- 
gists:—P. L. Sclater (Chairman), Osbert Salvin, F. Du 
Cane Godman, Henry Seebohm, Howard Saunders, H. 
E. Dresser, R. Bowdler Sharpe, and H. T. Wharton 
(Secretary). The Committee held seventy-one meetings, 
and ultimately a list of British birds was published under 
the title “A List of British Birds, compiled by a Com- 
mittee of the British Ornithologists’ Union.” 

Notwithstanding the adverse criticism which has been 
passed on this little book by a few ornithologists, there 
can be no doubt that it has supplied a want, and that the 
high scientific position of many of the members of the 
Committee invested the publication with a degree of 
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authority worthy of the object of the work in question. 
Undoubtedly the “ List ” will bear improvement, and the 
second edition will perhaps contain not a few modifica- 
tions, the constitution of the original Committee having 
necessarily embraced men holding different opinions on 
the subject of nomenclature and classification. Still, 
taking the results of their labours as a whole, it seems to 
us that the work was as well done as could have been 
expected, and was a well-meant attempt to introduce 
uniformity into the nomenclature of British birds. 

But since the publication of the B.O.U. “List” 
a complication has arisen through the action of Mr. 
Henry Seebohm, whose work on British ornithology we 
have more than once alluded to in this journal. Mr. 
Seebohm makes short work of nomenclatural difficulties 
as far as British birds are concerned. Where any 
doubt arises respecting the oldest published name of 
a bird, or in cases when obscurity surrounds the mean- 
ing of an ancient description, Mr. Seebohm cuts the 
Gordian knot by taking the general consensus of opinion 
amongst ornithologists of repute, z.e. “azctorum pluri- 
morum,” and where he finds an actual majority of them 
have adopted a certain name, then he considers the latter 
to be the best known, and uses it accordingly. There is 
a decided advantage about this method. It simplifies 
matters amazingly, because in such cases as those of the 
Chiff-chaff, Garden-warbler, and many other familiar birds, 
the best-known names, Phylloscopus rufus and Sylvia 
hortensts, are restored to them, instead of P. codlydita and 
S. salicaria, which Prof. Newton had shown them to be 
with more strictness entitled to. It is probable that had 
a few more years elapsed before Mr. Seebohm published 
his work, he would have had to modify his nomenclature 
even while adopting his azctorum plurimorum principle. 
For this reason. There is no ornithologist in this country 
more looked up to and respected than Prof. Newton, 
and with good cause. All his work is of the very best, 
and when he publishes anything, every ornithologist, 
whether approving his conclusions or not, knows that 
they are the result of the most careful and deliberate 
work, on which no time or labour has been spared, and 
be it an encyclopedia article or a complete work, the 
student may be sure that he will find the subject worked 
up in a way that will leave little for him to add. This 
is our experience of Prof. Newton’s work, and it is work 
which will stand the test of time, for, as long as ornitho- 
logy is studied, Prof. Newton’s publications will always 
be found to carry the history of his subject down to the 
time in which he wrote, forming a starting-point for 
future study. Such being the position of the editor of 
the fourth edition of Yarrell’s “ British Birds,” it is not 
surprising to find that his new edition of this standard 
work was received by ornithologists with respect, and 
that his nomenclature was at once adopted by the major- 
ity of the younger students in this country. Mr. See- 
bohm’s synonymy of British birds shows this over and 
over again. Then the influence of Mr. Dresser’s “ Birds 
of Europe” cannot be under-rated, for he is content to 
sit at the feet of Prof. Newton, and unhesitatingly adopts 
his conclusions. Nor could he have done better, for the 
original work in the “ Birds of Europe” is of the poorest 
quality, and it is as a successful and indefatigable com- 
piler that Mr. Dresser is recognised, viewed in which light 
there can be no doubt that his work will be considered 
the work of reference on European ornithology for a long 
time to come. Thus we have the nomenclature of Prof. 
Newton, by its adoption in Mr. Dresser’s standard work, 
doubly enforced on the ornithologists of Great Britain, 
and so followed by them that, as his synonymy shows, Mr. 
Seebohm would have found that in a few more years it 
would have been auctorum plurimorum, according to his 
own principles of nomenclature. Prof. Newton adheres 
faithfully to the rules of the British Association, and one 
knows, therefore, the principles by which he is guided. 

Mr. Seebohm differs on many questions from the Associa- 
tion Code, and we have our own ideas as to certain points 
of nomenclature, our protest being chiefly against men 
of the Bonapartian school, who take Linnean specific 
names and make them generic, adding a new specific 
name of their own. To our mind, Linnean namesshould 
be held sacred by zoologists, even if it involves the adop 
tion of the subsequent genus, so that we must admit 
Pica pica or Crex crex. The question has been argued 
over before, and the usual verdict is against the adoption 
of this mode of nomenclature ; but we have not found if 
unworkable in practice, and indeed it is often convenient, 
marking out the typical species of the genus. Sufficient 
has been said in the foregoing remarks to show that 
there is considerable variability of opinion even amongst 
British ornithologists with regard to the adaptability ot 
the Association Code to the requirements of modern 
science. 

But, between the method in vogue in England and that 
employed by American ornithologists, there has long been 
great divergence, increasing with years. We have all 
been looking for some authoritative, amd final, work on 
the birds of North America, and it is with pleasure that 
we have lately received the “A.O.U. Code and Check- 
List of North American Birds,” published by the Ameri- 
can Ornithologists’ Union. The Committee appointed 
for the purpose of drawing up this “ List” was.an excellent 
one, consisting of Prof. Elliott Coues, Messrs. J..A. Allen, 
R. Ridgway, W. Brewster, and H. W. Henshaw, while 
they also received the co-operation of Dr. L. Stejneger, - 
who has made some notable researches into.the synonymy 
of birds during recent years. 

The “ A.O.U. List of North American Birds” forms a 
bulky volume of nearly 400 pages. It is divided into five 
parts: an Introduction (pp. 1-17), in which a history of 
the subject is given, showing the various efforts of Com- 
mittees and individual naturalists to systematise the treat- 
ment of scientific nomenclature. This is very completely 
done by the A.O.U. Committee, and with admirable fair- 
ness to the labours of their predecessors. Then comes 
the second section, propounding the “‘ Principles, Canons, 
and Recommendations” (pp. 18-69), the ‘‘ Check-List of 
North American Birds,’ according to. the canons of 
nomenclature of the American Ornithologists’ Union 
(pp. 71-347),! a “ Hypothetical List” of recorded North 
American birds whose status is doubtful (pp. 349-357), 
and, lastly, a most useful list of the “ Fossil Birds of 
North America” (pp. 359-367): 
The introduction calls for no remarks, but it is the 

“Principles and Canons” of the A.O:U. which. will 
interest the British ornithologist. 

In looking through the check-list and comparing the 
nomenclature used for some of the Palaearctic and Nearc- 
tic birds, the ordinary student will be somewhat startled. 
Colymbus is no longer to be retained for the Divers, but 
for the Grebes, and the Divers become'Urznator, so that our 
ordinary Red-throated Diver, familiar as Colyméus septen- 
trionalis isnow Urinator lumme; of the American “ List.” 
From this it will be seen that the latter does not simplify 
existing nomenclature to begin with, and it is the great 
love of change, which has been so-characteristic of recent 
ornithological work in America, which makes us sceptical 
as to whether even the authority of the A.O:U. “List” will 
be sufficient to prevent further modifications in this direc- 
tion. We remember well how in our younger days we fell 
into the nomenclatural snare, and how we carried out, as 
we thought wisely,. changes of well-known names in favour 
of one which had priority of a few years ; and in.one in- 
stance we remember rejecting a well-known name for 
another because the latter occurred.a few pages earlier in 
the same book. These errors of judgment. we have lived 
to repent, because we find with increasing experience that 

By some mistake the pages in the Table of Contents referring to these 
two sections are-not-correctly given.(p. vili.), 
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the study of ornithology presents many phenomena of far 

deeper interest than the mere search after the oldest 

name, resulting, as it does too often, in the unearthing of 

some utterly unknown title, to the confusion of the 

student. The same principles of nomenclature which we 

tried to follow in earlier days are those of the A.O.U. 

now, which result in Uszzator /iwmme as the name of the 

Red-throated Diver. And it is not as if there will be any 

finality about this nomenclature, for we have seen the 

treatment of too many monographs to make us believe 

this. When an ornithologist takes up a group of birds 

and monographs it, he spends months or even years of 

study on this particular group, obtains a grasp of his sub- 

ject, and does his level best to give finality to his work. 

Does he succeed? Seldom, if ever. We hold it as an 

absolute canon that the nomenclature of monographs 

should be followed, unless a definite reason is given why 

a name should be altered. But, instead of this being 

done, we find, over and over again, that the author 

of a small paper or of a faunal list will, by altering 

generic names and so re-shuffling the specific names, give 

a totally different aspect to birds which have only just 

before been carefully monographed with a hope of finality 

in their nomenclature. So will it probably be with the 

A.O.U. “ List,” when some ornithologist in America will 

rise up and (as we expect to see before long) declare 

the trinomial system unworkable or the nomenclature of 

the “ List ? too complicated, and will re-shuffle the names, 

and attain temporary renown. 
We think, however, that, now that the two leading 

Ornithological Societies of England and America have 
spoken with authority on the subject of the nomencla- 
ture of the birds of their respective countries, the 
British Ornithologists’ Union should endeavour, if 
possible, to confer with the sister Society in America, 
and see if a common ground of agreement cannot be 
arrived at. If these two bodies came to a settlement, 
the whole matter could be laid before an Ornithological 
Congress, and there would be some hope of unanimity 
for the future. The points of divergence in practice 
between English and American ornithologists are less 
than might be supposed. The two principal ones are the 
adoption by the A.O.U. of the 1oth edition of Linneus’s 
“ Systema Natura” instead of the 12th edition, ard the 
employment of trinomial nomenclature. So many English 
ornithologists are now using the latter mode that there 
ought to be no difficulty in conceding the latter point if 
any ornithologist like the method. Formulated as it is 
in the A.O.U. “Code,” there is no difficulty in under- 
standing what is meant by the trinomial titles, and the 
American Committee have given a clear definition of their 
object in Canon XI., though the difficulties which have 
been pointed out on this side of the water are still not 
disposed of, “ In a word, intergradation is the touchstone 
of trinomialism. It is also obvious that, the larger the 
series of specimens handled, the more likely is inter- 
gradation between forms supposed to be distinct to be 
established, if it exists.” So says the canon above quoted ; 
but, we would ask, if two forms absolutely intergrade, 
why are they not of the same species? and why will 
not a binomial title be sufficient ? and again, what name 
is to be given to the specimens collected at the point 
of contact? Or again, if a larger series of specimens 
proves that two species do not intergrade, as they were 
at first supposed to do, then they will each once more 
bear a separate specific name. Further, are trinomials 
to be used for insular forms, as is done by Mr. Allen 
for Loaigilla noctis sclateri from Santa Lucia, as there is 
no chance of intergradation between it and Z. soct7s from 
the neighbouring islands? Trinomial nomenclature has, 
however, taken such a place in American ornithology, and 
is adopted by so many naturalists in the Old World, that 
the principle must be conceded to all who like to avail 
themselves of it. The question with regard to the tenth 

edition of Linnzeus’s “ Systema” might also be got over, 

but the A.O.U. will have greater difficulty in convincing 

European naturalists that it is advantageous to the pro- 
gress of ornithological science to alter established nomen- 

clature by introducing Che/édon as the generic name for 
the Chimney-swallow instead of the feather-legged Martins, - 
which are to be henceforth Azrundo. This radical change 
is to be adopted in homage to Forster’s “ List of British 
Birds,” a mere list of names without a character for a 
single genus. Although similar lists have sometimes been 
accepted for specific names, their recognition in the case 
of genera is rare, although in many instances long-esta- 
blished usage has rendered some of them familiar. 

The few objections which we have made above must 

not be supposed to lessen our respect for the general 

tenour of the work now issued by our American con/réres, 
whose labours deserve our most careful consideration, 
while it cannot be doubted that the publication of this 

“ Code and Check-List” will have great influence on the 

future of zoological nomenclature. 
R. BOWDLER SHARPE 

PROFESSOR NEWCOMB’S DETERMINATION 
OF THE VELOCITY OF LIGHT} 

HE method selected for the important experiments 

described in the present memoir,” is that known as 

Foucault’s. The idea fundamental to it is that of the de- 

termination of the interval occupied by light in flashing 

from a revolving to a fixed mirror and back, by the 

| amount of deviation produced in its return path through 

the change meantime effected in the position of the re- 

volving mirror. The angle of deviation of the ray is 

double the angle of displacement of the reflector ; to this 

angle corresponds (since the mirror rotates at a known 

rate) a definite fraction of a second, which is the time of 

luminous transmission across twice the measured distance 

between the mirrors. 
But this theoretically simple means of ascertaining the 

velocity of light is complicated, in practice, with in- 

numerable difficulties. A choice demanding the utmost 

nicety of judgment must be made between various con- 

flicting conditions ; sacrifice in one direction is the price 

of advantage in another; a balance has to be struck,, 

giving the largest sum-total of facilities, with the fewest 

and least intractable drawbacks. The plan finally decided 

upon by Prof. Newcomb was the result of much anxious 

deliberation; we hope to render it, in its main outlines,. 

intelligible to our readers. 
A fundamental condition of the problem is to get an 

image of the light-source absolutely coincident with the 

light-source itself, so dong as the movable mirror zs at 

rest. And this, whatever be the position the mirror is at 

rest in, provided only that it be such as to permit the rays 

sent out by it to return, after due triple reflection, to the 
eye. This requisite is secured by locating the centre of, 
curvature of the distant concave mirror in the axis of the 

revolving plane one. All rays emitted from this point 

towards the former will return along the same paths ; dif- 

ferences of direction due to differing positions of the 
movable mirror will be eliminated by the return reflec- 

tion; and there ensues a “stationary image” of the light- 

source, occupying, when visible at all, an invariable 

situation. 
So far, all the operators by Foucault’s method have ; 

been unanimous ; but in the placing of the lens indispens- 
able for the management and concentration of the light 
employed, a material distinction obtained between the 

1 “ Measures of the Velocity of Light made under direction of the Secretary 
of the Navy during the years 1880-32,” by Simon Newcomb, Professor, U.S. 
Nayy. Astronomical Papers prepared for the use of the American Ephemeris 
and Nautical Almanac, vol. ii. parts iii. and iv. (Washington: Bureau of 
Navigation, 1885.) 

* For the historical notice serving as an introduction to it, see NATURE, 
May 13, p- 29. 
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plan of experiment chosen by Prof. Newcomb, and 
that pursued by Prof. Michelson in his similar in- 
vestigation at the Naval Academy in 1879 (see NATURE, 
vol. xxi. pp. 94, 120). Fig. 1 represents in principle the 
arrangement adopted by the former, which was also that 
used by Foucault. In it the lens, 1, is placed between 
the light-source, S, and the revolving mirror, A. Fig. 2 
shows the disposition preferred by Michelson, in which 
the lens is interposed between the revolving and fixed 
mirrors. In both equally, S and M are, and for the 
purpose in view necessarily must be, in conjugate foci of 
the lens. 
A disadvantage of the first form is that the measure- 

ment of any considerable deviations will be attended by 
uncertainties caused by the oblique passage through the 
lens of the return beams. It was, however, obviated in 
the experiments under consideration, by the use of Zwo 
lenses—one for the outgoing, the other for the incoming 
rays. The second method (Michelson’s) promises in- 
creased brilliancy of the image ; which may, nevertheless, 
be regarded as outweighed by atmospheric and other im- 

A 

Fig.l. 

pediments to its distinctness, as well as by the illumination 
of the field of view produced by the passage through it of 
some part of the lens with every revolution of the mirror. 
The method exemplified in Fig. 1 was then chosen by 
Prof. Newcomb as affording more or less calculable 
conditions ; while No. 2 involved all the uncertainties of 
definition habitually besetting astronomical observations. 

Let us now endeavour to realise the nature of the ex- 
perimenter’s immediate task. The precise measurement 
of an angle actually constitutes it. From the mirror A, 
so long as it remains at rest, an image is reflected in a 
certain direction ; but no sooner is A set rapidly rotating, 
than the same image is reflected in a slightly different 
direction. The amount of this difference—in other 
words, the angle of deviation—is the object to be 
ascertained. 

Obviously, the first desideratum is to render the inevit- 
able error of measurement comparatively small, by making 
the quantity to be measured large. Two roads are open 
towards this end. A high velocity can be given to the 
murror A; or a great distance can be interposed between 
Aand M. By the first means, the angle rotated through 
an a given time will be augmented ; by the second, the 
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time available for the displacement of the reflector will be 
prolonged by the lengthening of the journey imposed 
upon the rays to be reflected. The difficulties hampering 
increased speed are purely mechanical, though none the 
less formidable ; those in the way of a lengthened path 
are optical. 

The preservation of light enough to keep the image 
bright and distinct is of paramount necessity for the 
avoidance of ruinous uncertainties in its measurement. 
Now, in Foucault’s experiments, the object affording the 
image was the line of a reticule. It was dark upon a 
bright ground ; a platinum-wire relieved against a sheaf 
of sunbeams. But no perfectly defined image of such an 
object could be formed at any considerable distance ; and 
we find, accordingly, that the utmost length by which he 
ventured to separate his mirrors was twenty metres. His 
entire apparatus was, in fact, contained in a single room. 
Hence, notwithstanding a speed given to his mirror of 
from 600 to 800 revolutions per second, the actual linear 
deflection of the return ray amounted to no more than 
seven-tenths of a millimetre. Chiefly by employing as 

om 

Te 
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Fig.2. 

his light-source an illuminated slit, the lucent image of 
which on a dark ground bore the enormous loss of light 
ensuing from the transportation of the fixed mirror to a 
distance of close upon 2000 metres, Michelson was 
enabled to augment this deflection some two-hundred- 
fold. The resulting velocity for light of 299,910 kilometres 
per second was proportionately trustworthy, the error of 
the angular measurement upon which it immediately de- 
pended being estimated to be one hundred times less 
than in Foucault’s determination. Prof. Neweomb’s im- 
provements carried him still further towards absolute 
accuracy. 

The details of construction of his “ phototachometer ” 
were decided on in the summer of 1879, and the instru- 
ment was completed by the Messrs. Clark in May 1880. 
It consisted essentially of four parts—a sending and a 
receiving telescope, a revolving and a fixed mirror. Sun- 
light, thrown from a heliostat through an adjustable ver- 
tical slit at the eye-end of the sender, passed down the 
tube, which was bent at right-angles to get it out of the 
way of the observing telescope, and after reflection by a 
plane mirror at the elbow, passed out through the objective 
towards the revolving mirror. This was formed by a 
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rectangular prism of polished steel, 85 millimetres in 
height, and with a cross-section of 37°5 square millimetres. 
The vertical faces constituting the reflecting area were 
nickel-plated, and proved of a remarkably durable though 
not very high polish. Motion in opposite directions at will 
was communicated by two air-turbines, acting one at the 
top, the other at the bottom of the mirror, and serving, by a 
simple contrivance, each for the regulation of the contrary 
velocity imparted by the other. A wheel-work arrange- 
ment, by which an electric current was broken once for 
every twenty-eight revolutions of the mirror, gave the 
means of @btaining a chronographic record of its rate of 
going. Two fixed mirrors, mounted side by side on cast- 
iron stands, were employed to return the light sent to 
them by the revolving mirror. Each was about 40 
centimetres in diameter, and had a radius of curvature of 
some 3000 metres. The object-glass of the receiving 
telescope was (in the first instance) placed immediately 
under that of the sender, the former thus directly facing 
the lower, the latter the upper section of the movable 
mirror. The two /zdes, however, owing to the “ broken” 
form given, as already mentioned, to that of the sender, 
made with each other an angle of go’. Horizontal movement 
round a vertical axis coincident with that of the rotating 
mirror, was possessed by the observing telescope, to which 
was attached a pair of microscopes for reading off the 
divisions‘on a horizontal divided arc fixed to a stiff frame 
at its further end. The amount of this horizontal motion 
of the telescope measured the deviation of the thrice- 
reflected sunbeam, and, by an immediate deduction, its 
velocity. 

The site chosen for the erection of the apparatus was 
Fort Myer, on the south side of the Potomac, overlooking 
the city of Washington. The stationary mirrors, to and 
from which the carefully guarded rays performed their 
trips, were placed, ‘to begin with, in the grounds of the 
Naval Observatory, at a distance of 2551 metres from | 
Fort Myer; but were in 1881 removed to a point at the 
base of the Washington Monument, at a distance increased 
to 3721 metres. Some tentative experiments were under- 
taken on June 22,1880; after a few days’ trial, however, it 
was found that the wheel-work for counting the revolutions 
of the mirror was destroyed by the rapidity of the im- 
pressed movements. New wheels wore out almost before 
a set of readings could be obtained with them; until at 
length the Messrs. Clark, finding that no metal would 
stand the inflictel wear and tear, substituted vaw hide as 
the material ‘for the first wheel, a device which proved 
wholly successful. With the instrument thus modified 
work was begun on August 9, and continued without inter- 
ruption until September 20. The transportation of the 
fixed mirrors to the Monument station in the spring of 
1881 postponed the commencement of operations to 
August 8; and their effective prosecution was then im- 
peded by the discovery of a source of systematic error in 
a “torsional vibration” of the rotating mirror. That is 
to say,-the steel prism employed to reflect the light, no 
longer, when its speed attained a certain point, revolved 
as an absolutely rigid whole, but fended towards the pos- 
session of different velocities in its different parts. Hence 
a slight twisting of its mass producing vibrations round 
the axis of rotation, the effect of which was visible in 
the breaking up of :the image of the slit into four separate 
images, one due to each of the faces of the prism. The 
persistence of this baffling symptom compelled a modi- 
fication of the instrument, by which the sending and 
receiving telescopes could be respectively depressed and 
raised so as to alternate their positions, and the portions 
of the mirror they were directed towards. The mean of 
any two complete sets of observations made with the 
telescopes thus interchanged would be free, as Prof. 
Newcomb shows, from the effects of any probable form 
of torsional vibration. 

No such effects, however, were apparent in the obser- 

vations of 1882. This last series extended from July 24 
to September 5, and were so nearly free from accidental 
differences that the probable error of a complete deter- 
mination was scarcely more, under good conditions, than 
the ten-thousandth part of the whole. Upon these, ac- 
cordingly, the chief reliance was placed in the final 
discussion of results. 

The announcement that Messrs. Forbes and Young 
had detected a difference of 2 per cent. in the rates of 
transmission of red and blue light prompted, at Fort 
Myer, a most careful watch for traces of colour in the 
reflected image of the slit. But although, from a dis- 
crepancy of even one-twentieth that amount, a spectrum 
15” in breadth must have ensued, the iridescent edges 
which would infallibly have betrayed its presence were 
not seen. 

An important novelty in Prof. Newcomb’s method was 
his use of opposite rotations and their accompanying 
opposite deviations. In his instrument the mirror, as 
already stated, could be made to revolve at pleasure, either 
from right to left or from left to right. Instead, then, of 
measuring, as had always previously been done, the de- 
flection produced in the return ray by the change from 
rest to an ascertained rate of rotation, the object of his 
determinations was the total deflection due to extremes 
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of contrary movement. The mode of experimenting was 
briefly as follows. : 

First, the valve was opened to the air-blast giving 
negative rotation, the receiving telescope being set upon 
some division near one extremity of its arc; the image of 
the slit was then accurately fixed, by the regulating agency 
upon the velocity of the mirror of the opposing air- 
current, upon the middle wire of the micrometer ; the 
chronograph made its record of the rate of going, and 
the microscopes were read. This constituted what was 
called a “run,” and occupied two minutes or upwards. 
The telescope was next unclamped, and directed near the 
opposite end of the divided are. Posztive motion was 
given by opening the other valve, and the process of 
fixing the image and reading off repeated. A comparison 
of the two sets sufficed to determine the time spent by 
the light in passing to and from the mirrors on the other 
shore of the Potomac. : 

This method of contrary deviations is most strongly 
recommended by Prof. Newcomb to future investigators. 
It combines the two advantages of doubling the angle to 
be measured, and of abolishing possible errors in the 
determination of the zero-point. In the present series, 
velocities, alternately in opposite directions, rarely ex- 
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ceeding 230 revolutions per second,! gave a total change 
of direction of nearly 8°. And this largeness of the 
measured angle materially contributed to enhance the 
accuracy of the results. Highly effective, also, for the 
same end were the elaborate precautions for darkening 
the telescopic field of view, and thus rendering the image 
of the illuminated slit more distinct. As their upshot, 
daylight was reduced to about one-thousandth its normal 
intensity. What was left only just sufficed to show the 
spider-lines without artificial light. The necessity for 
such precautions may be estimated from our author’s 
statement that a concave mirror, of which the diameter 
should be one decimetre for each kilometre of distance, 
would receive only 1/60,000 part of the light reflected from 
the revolving mirror; while of that 60,oooth part only 
a small fraction could be practically turned to account, 
owing to the many sources of loss in reflection and trans- 
mission. Since, however, ¢wo fixed mirrors, each four 
decimetres across, placed at a distance of less than 
four kilometres, were employed in the operations at Fort 
Myer, the proportion of light there returned was rather 
more than double the above estimate. Prof. Newcomb 
appears to have been, on the whole, eminently successful 
in his optical arrangements. The imperfect definition 
which was the besetting difficulty of Michelson’s experi- 
ments gave him little trouble. 

The recent American determinations of the velocity of 
light, justly considered as of far superior precision to any 
others yet executed, give the following results :— 

Michelson, at Naval Academy, in 187 
Michelson, at Cleveland, 1882 ... ... 
Newcomb, at Washington, 1882, using 

only results supposed to be nearly 
free from constant errors... ...  ... 

Newcomb, including all determinations 

299,910 km. 

299,853 5 

299,860 ” 

299,810, 
To these are added for comparison :-— 

Foucault, at Paris, in 1862 ... 298,000 ,, 
Cornu, at Paris, in 1874 298,500 ,, 
Cornu, at Paris, in 18/8 Snr 300;4 00Kmmrs 
The same, discussed by Listing... ... 299,990 ,, 
Young and Forbes, 1880-81... ... 301,382), 

Prof. Newcomb’s finally-concluded result is that light 
travels 7 vacwo at the rate of 299,860 + 30 kilometres 
per second. And the probable error of thirty kilometres, 
small as it is, has been liberally estimated. A determina- 
tion so satisfactory of this important element goes far 
towards solving the problem of the sun’s distance. Com- 
bined with Nyrén’s constant of aberration, 20’°492, it 
gives, for the solar parallax, the value of 8794. The 
corresponding distance of 149°61 million kilometres, or 
2,965,020 miles, agrees quite closely with Dr. Gill’s result 

from the opposition of Mars in 1877, and exceeds by only 
165,020 miles the mean deduced by Mr. D. P. Todd from 
earlier determinations of light-velocity. No information 
as to the dimensions of the solar system which we are 
ever likely to get from a transit of Venus can approach 
in reliability the present conclusion. 

Prof. Newcomb is so far from believing that the 7e plus 
ultra of accuracy has been reached in his own remarkable 
experiments, that he appends to the detailed description 
of their method some valuable suggestions for its im- 
provement. He had hoped, indeed, he tells us, to reach 
a concluded value exact to between five and ten kilo- 
metres, which, after repeated verification, might be avail- 
able as a test of the invariability of standards of length. 
The further prosecution of the inquiry, however, he now 
leaves to any physicist who may be invited to the task by 
the promise of his advice and co-operation. 

Fundamentally, he holds that the system pursued at 
Fort Myer in 1880-82 is preferable to any other yet 
tried. No known expedient for ascertaining the rate of 

* Michelson’s revolving mirror executed 256 turns in a second. 
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transmission of light is comparable to that of its deflec- 
tion, after a measured journey, by a moving mirror. The 
apparatus by which this plan was realised admits, how- 
ever, in his opinion, of some amelioration in detail. The 
disadvantageous necessity, for instance, of appropriating 
a separate section of the reflecting surface to the outward- 
and homeward-bound rays could be removed by the sub- 
stitution of a pentagonal for a quadrangular prism, as 
shown in Fig. 3, where M is a section of the revolving 
mirror, J the object-glass of the sender, receiving light 
from the slit s, and throwing it in the direction P towards 
the distant reflector. On its return along the path P’, the 
ray is reflected from an adjoining face of the revolving 
mirror into the receiving telescope, K. 

The closing words of the paper under review attest the 
unappeased aspiration towards accuracy characteristic of 
the successful investigator. 

“A still further perfection of the method,” its author 
writes, “which would lead to a result of which the pre- 
cision would be limited only by our means of linear 
measurement is, I conceive, within the power of art. It 
consists in placing the fixed mirror at so great a distance 
that the pentagonal revolving mirror would move through 
an arc of nearly 36° while the ray is going and returning. 
If a speed of 500 turns per second could be attained, 
the required distance would be thirty kilometres. Then, 
in opposite directions of rotation, the return ray would 
be reflected at phases of the mirror differing by the angle 
between two consecutive faces. The result would be that 
the receiving telescope would need to have but a small 
motion, and all the observer would haveto measure would be 
the small angle by which the difference of positions of the 
mirror when the flash was received in opposite directions 
of rotation, differed from 72°. In the Rocky Mountains 
or the Sierra Nevada no difficulty would be found in 
finding stations at which a return ray could be received 
from a distance of thirty, forty, or even fifty kilometres, 
with little more dispersion and loss than ata distance of 
four kilometres through the air of less favoured regions. 
It is true that the surface of the distant reflector would 
have to be increased in proportion to the distance, but it 
would not be necessary to make a single reflector of great 
size. A row of ten reflectors, each six or eight decimetres 
in diameter, might be sufficient to insure the visibility of 
the return ray.” A. M. CLERKE 

NOTES 
At a meeting of the Royal Society of Edinburgh on June 7, 

medals were presented as follows:—To Mr, John Aitken 
(Darroch), the Keith Prize for 1883-85, for his paper on the 
formation of small clear spaces in dusty air, and for previous 

papers on atmospheric phenomena ; to Edward Sang, LL.D., 
the Makdougall-Brisbane Prize for 1882-84, for his communica- 

tion on the need for decimal subdivisions in astronomy and 

navigation and on tables requisite therefor, and generally for 

his recalculation of logarithms both of numbers and of trigono~ 

metrical ratios ; to Mr. B. N. Peach the Neill Prize for 1883- 

86, for his contributions to the geology and paleontology o 

Scotland. 

THE organising committee of Section A has arranged that a 

special discussion shall be held, at the Birmingham meeting of 
the British Association, jointly with Section D, on the physical 
and physiological theories of colour-vision. The discussion will 
be opened by Lord Rayleigh, and Dr. Michael Foster will also 
take part in it. Persons who wish to contribute papers bearing 
on the subject of discussion are requested to send their names to 
the Recorders of Sections A or D, at 22, Albemarle Street, W., 

not later than August I. 

THE death is announced, in his seventieth year, of Mr. 

Llewellyn Jowett, the well-known archeologist. 
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At the Conference at the Colonial and Indian Exhibition on 
Wednesday, June 23, a paper was read by Mr. W. Lant 

Carpenter, on ‘‘The Position of Science in Colonial Educa- 
tion.” The colonies to which Mr. Carpenter had directed his 

attention were :—Canada generally ; South Africa, the Cape 

of Good Hope and Natal; Western and South Australia, 

Victoria, New South Wales, Queensland, New Zealand, and 

Tasmania, the last of which, unfortunately, is not represented 
at the present Exhibition. An account of the present condition 
of scientific education in each of these colonies was given. As 
a general conclusion, Mr. Carpenter thought that the claims of 
science to a place in State-aided primary education were more 

fully recognised than in the old country, and this, not merely 
because it was the only foundation upon which a system of 

teclinological education could be securely built, but for its value 
in drawing out the minds of the pupils, As regards the 

branches by which the time-honoured routine of subjects 

may be most beneficially varied, precedence was almost 

universally accorded to drawing, and to the objective pre- 
sentation of the elements of science. In secondaty grammar 
and high schools, however, science scarcely occupied a 

position equal to that in corresponding English schools, but 

there were many signs of improvement in this respect. In the 
Colleges and Universities of the older colonies the classical and 

academic influence was still very strong, while in the newer ones 
the claims of scientific education to be put on an equal footing 

with literary were recognised. Great has had been the progress 

of public opinion in England during the last few years on the 

importance of science as an element in education, the author 

was disposed to consider it greater in the colonies in the same 
period. Certainly the development of that opinion to its present 
point had been much more rapid in the colonies than at home. 

There were many voluntary colonial Associations for the promo- 
tion of science, and the author concluded his paper by throwing 
out the suggestion that, if there were grave and practical diffi- 

culties in the way of an Imperial federation of the Australian 
colonies, the establishment of an Australian Association for the 

Advancement of Science, somewhat on the lines of the British 

and American Associations for similar purposes, might not be 
‘beyond the reach of practical men of science, and he was strongly 

of opinion that such a federation would tend to strengthen ‘‘ the 
position of science in colonial education.” 

ARRANGEMENTS have been made for the examination in the 

Indian Court of the Colonial and Indian Exhibition of certain 

commercial products, which are believed to be insufficiently 
known or to be suitable for new purposes. Among the sub- 
stances which will be examined are fibres, silk and silk substi- 

tutes, drugs, tobacco, gums and resins, minerals, oils, oil-seeds 

and perfumery, dyes, mordants and pigments, timbers, tanning 
materials and leather, and food-stuffs. Any visitors to the Ex- 
hibition, who are interested in the subject, will be permitted to 

attend these examinations of products, which will take place in 

the Commercial Room, attached to the Economic Court, where 

all further information may be obtained. Should the results of 

this examination render such a course desirable, Conferences of 

a formal character will probably be held at a later date. 

THE International Society of Electricians has decided upon 
building laboratories for the use of physicists in Paris. They will 

be established in the grounds of the old Collége Rollin, granted 
by the city of Paris, in the vicinity of the School of Practical 
Physics recently erected by the Municipal Council. The funds 

will be supplied by public subscription, a contribution from the 

Society, and a sum of 360,000 francs, which is the surplus of the 

last Electrical Exhibition organised by M. Cochery. 

WE take the following from .Scéerce :—It will be remembered 
that in the month of May a gentleman in Brooklyn died from 
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hydrophobia. His medical attendants, competent physicians, 

had no doubt about their diagnosis, and his symptoms were 
characteristic of that disease. Confirmatory of this opinion, 
the autopsy revealed no lesion to which could be attributed 

the symptoms from which he suffered—a condition which 

is also characteristic of hydrophobia. Portions of the brain 
and the spinal cord were carefully wrapped in cloth wet with 
a solution of bichloride of mercury and sent to Dr. Sternberg. 
Small portions of these were thoroughly mixed with sterilised 

bouillon ; and this broth was then, by means of a hypodermic 

syringe, injected under the dura mater covering the brain of a 

rabbit, a small button of bone having been first removed by a 

trephine. The wound was then closed by sutures. Three 
rabbits were thus operated upon. One died at the end of 
twenty-four hours as the result of the operation ; hydrophobia, 
of course, having nothing to do with it. Another is now, after 

eighteen days, apparently well. Thethird one, on the sixteenth 
day, commenced to show signs of being ill: he was disinclined 

to move, and in a few hours evidences of paralysis appeared, at 

first in the hind-legs, and subsequently in all the extremities. 

On June 5, the eighteenth day after the operation, he died. The 
wound had healed, and there were no evidences of inflamma- 

tion. The brain showed no softening at the point where the 

inoculation was made, no pus, nor any evidences of inflamma- 

tion either of the brain substance or of its membranes. The 
cord also appeared normal. Portions of the medulla of this 
rabbit were immediately mixed with sterilised bouillon, and two 
rabbits were inoculated in the same manner as has been de- 
scribed. This case is of great interest as being, so far as we 

know, the first animal in this country to become affected with 

hydrophobia from inoculation with material taken from a person 

who died from that disease. If Dr. Sternberg is as successful 

with these rabbits as with the first, there is no reason why the 

series cannot be continued, and thus the protective virus of 

Pasteur be obtained in this country, and a trip to Paris by the 
victims of dog-bites made unnecessary. As we go to press we 

learn that the second rabbit, mentioned above as remaining 
unaffected for eighteen days, shows unmistakable signs of 

hydrophobia, 

Dr. THORNTON, the new Director of the Madras Museum, has 

organised a series of investigations for the purpose of studying 
systematically the marine and terrestrial fauna on the west coast 

of the Presidency. They will be continued from time to time 

as favourable opportunities arise. 

At 8.40 a.m. on May 17 a remarkable phenomenon was 

witnessed at Donne, in the north of Norway, some twenty five 

miles south of the Polar Circle. A small bright horizontally- 

lying circle was suddenly seen with its centre right in zenith, 

the periphery passing through the centre of the sun. In 

the circle were besides four mock suns, in east, west, north, and 

south, so that they would almost have formed the corners in an 
irregular square. There was also another circle perpendicular 

on the other, and with the sun as centre, but it was much 

fainter. The little circle and the two mock suns nearest the 

sun were rainbow-coloured, and the great circle and the two 
mock suns furthest off intense white. After half an hour the 
phenomenon faded for a while, but soon again became as intense 

as before. It disappeared after having been in view for an hour 
and a half. The weather was fine and sunny, but hazy. After- 

wards it became cloudy with rain. 

THE large zoological collection known as the Museum 
Godeffroy has just been purchased by Mr, Damon (Weymouth). 

The ethnological portion was sold a short time since to the 
Leipzig Museum, as already announced in NATURE, 

IN addition to the specially meteorological results contained 
in the report of the Hong Kong Observatory for the past year, 

28D 
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which we noticed last week, Dr. Doberck, the Government Astro- 

nomer there, refers to the great value of the systematic meteoro- 
logical observations with verified instruments which have lately 

been set on foot at many of the stations and lighthouses of the 
Chinese Customs, and which will serve as an important aid in 

the investigation of typhoons. He pays a well-deserved tribute 

to Japan’s ‘extensive meteorological service, conducted on 
approved principles,” and to the useful weather maps issued by 

the Tokio Observatory, while he deplores the absence of a 

similar comprehensive service in the Philippines and the non- 

publication of such data as are observed there—an omission 

which increases the labour of following typhoons in their pas-age 
across or near to those islands. The intention of the French 

authorities to establish a meteorological observatory at Haiphong, 

on the coast of Tonquin, seems to have been dropped, at least 
for a time, since the death of the distinguished me‘eorologist, 

Dr. Borius. The Hong Kong Observatory during the year 
was supplied with a gazing-telescope, as was recommended by 

Col. Palmer in the original project, a Lee equatorial from 
Greenwich having been erected. In 1882, when the plan of 

the Hong Kong Observatory was first drawn up, the local 
Government was willing to pay for one thoroughly equipped, 

but the Colonial Office at home cut out the most im- 
portant part of the provision for magnetic research, and 
this unfortunate spirit of parsimony in expenditure con- 

nected with scientific research seems now to have extended 
to Hong Kong. For Dr.:Doberck complains that the‘addition to 

the work of his Observatory is not accompanied by a correspond- 
ing increase of funds and staff, that his telegraphic facilities are 
insufficient to give full effect to the proper purposes of the esta- 

blishment, that the slopes of the observatory hill have been left 
unturfed since they were stripped in 1883, and that no effective 
measures haye been taken to improve the unhealthiness of the 
site, which is on the Kowloon peninsula opposite the town of 

Victoria. It sounds-incredible that the gun which was supposed 

to be set apart for the purpose of announcing the approach of a 

typhoon has also been used to announce the arrival of the mail- 

steamers—a course which is as senseless as it is cruel, for it con- 

fuses the unfortunate boat- and junk-men who swarm in the 
Hong Kong waters, and who either throw up their work and 
flee into a place of refuge when only a mail-steamer is arriving, 

to their great loss of time and money, or they take no precau- 
tions at all when a typhoon is really at hand. In the latter case, 

if any lives were lost, an English coroner’s jury would probably 

indict the official responsible for this gross negligence for man- 
slaughter, as they would the chemist who carelessly gives 
strychnine in place of Epsom salts. Dr. Doberck proposes that, 

if the gun be used for post-office purposes, it should cease alto- 

gether as a typhoon warning. 

At the annual meeting of the Chemical Society of Tokio, 
held on April ro, and reported in the Fafan Mail, a very satis- 

factory report was read. The Society is composed of Japanese 

and foreign men of science, the total number of members last 

year being eighty-six, and being constantly on the increase. 

The number of papers read amounted to nineteen. The journal 
of the Society is published four times a year, and it is hoped to 
make it a monthly journal soon, ‘‘ especially as the number of 

papers read is not few, nor their nature inferior to those which 
appear in foreign journals.” The Society undertook to trans- 
late chemical terms into Japanese about four years ago, and it 

now possesses (though not yet published) a dictionary of com- 

moner chemical terms in Japanese, English, French, and 
German. It has also undertaken to establish a system of 

chemical nomenclature in the Japanese language, of which the 
nomenciature of the elements and of inorganic compounds is 
already nearly finished. It is hoped that a sound and complete 
system of nomenclature will be published in the course of the 

coming year. An address was delivered by Mr. Watanabe, the 

head of the’new University of Japan, and, on other grounds, an 

important official, who impressed on the members of the Society 
the necessity of making chemistry popular, on account of its 
intimate connection with arts and manufactures. He hoped, 

too, that more and more original work in science would be done 

in Japan, for on such work depended ultimately all improvement 

in manufacturing processes. 

AT the same meeting a paper was read by Dr. Kellner on the 

deportment of urea towards soils, with special reference to the 
mode of manuring the soil employed in China and Japan. The 
experiments on this subject which have been carried out at the 
Komaba Agricultural College show that the application of fresh 

excreta is injurious to crops, and that, in this state, a great deal 
of the most valuable nitrogenous compounds of the manure is 

lost by rain, which carries the urea into the deep subsoil beyond 

the reach of the roots of the plants. Japanese farmers had long 

ago come to a similar conclusion for themselves, for they only 

employed this manure when in a highly decomposed state, when 

the urea had been converted by putrefaction into ammonium 

carbonate. 

THE report of the Rugby School Natural History Society for 

the past year is a very satisfactory one, forit shows great activity 
on the part of the members and of the Society collectively in 

every direction. With a single exception the papers are con- 

tributed by working members or associates ; the collection of 
British quadrupeds commenced last year is almost complete, 

and a new vivarium has been added to the Society’s resources. 

The papers deal with many subjects from China to heraldry, but 

local ornithology appears to have received special attention ; for 
the Society’s first prize essay was won by Mr. Austen with a 

paper on the water-birds of Rugby; the second by Mr. Mander, 

on some of the large birds round Rugby. Mr. Solly also con- 

tributes an interesting paper on microscopic fungi, with illustra- 

tions. But it is in the sectional reports that the activity of the 
Society is made most manifest. Here we find a meteorological 

report, based on continuous observation throughout the year; a 

vivarium report ; a report from the entomological section, con- 
taining a list of the Lepidoptera observed at or near Rugby 

during the year; similarly the report of the botanical section 

contains a long list of observations, in which are some plants 
hitherto unknown in the flora of Rugby ; the zoological report, 

it may be added, isa specially long one ; and the book concludes 
with the report of the Temple Observatory, where so much good 

astrononical work is being done. Of the many excellent natural 

history societies which pass under our notice from time to time, 

few can show more or better work than the Rugby School 

Society. 

ONE interesting matter referred to in the report just noticed 
was the presentation of an address of congratulation to Mr. M. 

H. Bloxam, a very energetic member of the Society, on reach- 

ing his eightieth year. In his reply Mr. Bloxam claimed to be, 

ina peculiar degree, a link between the Rugby of the present 

and that of the past. He transacted business with a Rugbeian 
who entered the school in the reign of George II., 127 years 

ago. Mr. Bloxam entered Rugby School about 72 years ago, 

and left it 64 years ago: and while he was at the school a 

retired master died who was born in 1718, early in the reign 

of George I., 167 years ago. The Rey Henry Holyoak was 

master of the school in the boyhood of that retired old master, 

and Mr. Holyoak was alive in the lifetime of a nephew of 
Lawrence Sheriff, the founder of Rugby School. Now Law- 

rence Sheriff died 318 years ago. Thus three lives, one of them 
being Mr. Bloxam’s, carry us back to the foundation of Rugby 

School. 
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WE are requested to state that the annual Students’ Coxver- 
sazione will take place at the Finsbury Technical College on 

Friday evening, July 2, commencing at 7 o'clock. A good 
exhibition of apparatus, models, and specimens has been 

arranged to illustrate the various branches of applied science 
and art comprised under the College scheme of technical 

e lucation, 

A SWEDISH geologist, Dr. H. Sjogren, is about to proceed to 

the naphtha regions on the Caspian Sea, in order to prosecute 

geological studies. 

WE have received from Messrs. Griffin and Co. the third 

annual issue of the ‘f Year-Book of the Scientific and Learned 
Societies.” It gives a brief chronicle of the work done during 
the year by the various Societies, together with the necessary 

information as to official changes. 

THE Saghalien Ainos do not exhibit the same uncouthness as 
those of Yezo ; there is a greater absence of beards and of hairy 
bodies generally. ‘lhe hue of the skin very closely resembles 

that of the Caucasian ; the foreheads are high but narrow, and 

their general bearing and facial expression denote an intelligence 

much superior to that of the Yezoines. As for the theory of an 

ethnical connection between the Ainos and the Japanese, Mr. 

Penhallow says that an examination of the pure types would not 

permit such a belief to be entertained. There is a mixture of 

the two in places, but the half-breed is as easily recognisable 

there as elsewhere in the world. The Japanese, he concludes, 
are unquestionably Mongoloid, while the facts show the Ainos 

to be physically distinct, while the best ,authorities agree in the 

great resemblance which they bear to Europeans, the prevailing 
view being that they are distinctly Aryan. 

THE additions to the Zoological Society’s Gardens during the 

past week include a Bonnet Monkey (AZacacus stnicus 2) from 

India, presented by Mrs. George Willing ; two Tcheli Monkeys 

(Macacus tcheliensis $ 2) from Jungz-ling, near Pekin, presented 
by Dr. S. W. Bushell, C.M.Z.S. ; a Wild Swine (Sus scrofa @ ) 

from Tangier, presented by Mr. John Brooks ; four Sparrow 

Hawks (Accipiter nisus), British, presented by Mr. J. Rowland 
Ward, F.Z.S. ; an Egyptian Goose (Chenalofex egyptiaca), a 

Robben-Island Snake (Coronella phocarum), a Hoary Snake 

(Coronella cama), an Infernal Snake (Boodon infernalis), a 

Rhomb-marked Snake (Psammophylax rhombeatus), a Horned 

Viper (Vipera cornuta), eight Geometric Tortoises (Zestudo geo- 
metrica), a Leopard Tortoise (Zestudo p rdalis), three Areolated 

Tortoises (Homopus areolatus) from South Africa, presented by 
the Rev. G. H. R. Fisk, C.M.Z.S. ; a Crowned Horned Lizard 

(Phrynosoma coronatum) from California, presented by Mr. S. 

Upton Robins ; a Common Viper (Vifera berus), British, pre- 

sented by Mr. W. H. B. Pain; a Tuatera Lizard (Sphenodon 

punctatus) from New Zealand, presented by Capt. R. Suther- 

land ; a Tarantula Spider (Myga/e, sp. inc.) from Bahamas, pre- 
sented by Mrs. E. Blake ; a Peruvian Thicknee (@dicn-mus 

superciliaris) from Peru, two White-backed Piping Crows 
(Gymnorhina leuconota) from Australia, deposited ; a Balearic 

Crane (Baleavica pavonina) from West Africa, purchased ; a 

Japanese Deer (Cevvas sika), born in the Gardens. 

OUR ASTRONOMICAL COLUMN 

THE ABSORPTION SPECTRUM OF OxYGEN.—About three 
years ago M. Egoroff was able to show that the great groups A 
and B in the solar spectrum were due to the absorption of 
oxygen. More recently the a band was also found to be due to 
the same gas. M. Janssen, studying the absorption of oxygen 
has now discovered that under certain conditions the gas yields 
another spectrum, composed no longer of lines easily separated, 
but of shaded bands which can only be resolved with great diffi- 
culty. This system of bands appears for moderate pressures 

much later than the spectrum of lines, but it shows itself very 
quickly with increase of the density: the two systems are so 
different that it is possible to obtain either the first without the 
second or vice versd. M. Janssen was at first unable to explain 
how it was that these bands were not visible in the solar 
spectrum when they were easily obtained by passing light 
through thicknesses of oxygen far less than the sun’s light has to 
traverse before reaching us. But further experiments showed 
that these bands did not develop in proportion to the thickness 
of the stratum of oxygen producing them, multiplied by its 
density, but in proportion to the thickness multiplied by the 
square of the density. The density of our atmosphere being 
small as compared with some of the pressures at which M. 
Janssen worked, the non-appearance of these bands amongst 
the telluric lines of the solar spectrum is readily explained. 

POTSDAM OBSERVATORY. —The fifth volume of the Pudlica- 
tions of the Astrophysical Observatory of Potsdam is occupied 
with a very careful determination, by Drs. Miiller and Kempf, 
of the wave-lengths of 300 of the principal lines in the solar 
spectrum. Four gratings were used in this inquiry—one with 
about 2500 lines to the inch, the second with 6250 lines, and 
the third and fourth with about 10,000 lines to the inch. Eleven 
normal lines were first measured with all four gratings and in the 
spectra of three or four orders with each grating, every observa- 
tion being carefully corrected for temperature, &c. The com- 
putation of the wave-lengths of the 300 lines follows, and the 
details of the reduction of the observations of the eleven normal 
lines, and a catalogue of the wave lengths of 2614 lines as given 
in the Potsdam Atlas of the spectrum, and as now corrected, 
concludes the work. The following are the wave-lengths of the 
selected normal lines, expressed in millionths of a millimetre :— 
C, 6567314, 640°035, 612°247 ; Da, 589°625, 562°475, 545°580; 
by, 517°284, 495°779, 470°321, 441°534, and 407'186. It would 
seem from these determinations that Angstrom’s wave-lengths 
require small but sensible corrections. 

THE BINARY STAR y CORON AUSTRALIS.—With reference 
to our note on this double star (NATURE, vol. xxxiii. p. 425), in 
which we pointed out the large difference in the position-angles 
computed, for the present year, from the orbit of Mr. Gore and 
from that of Mr. Downing, we may draw attention to a com- 
munication by Mr, H. C. Wilson, of the Cincinnati Observa- 
tory, printed in the Odservatory, No. 111, pp. 234-235. Mr. 
Wilson gives the mean results of observations of the binary in 
188¢ and 1883 as follows :— 

1881°72 45°53 1°38 
1883 "62 37°75 1°62 

The angles computed from Mr. Gore’s elements for these two 
epochs are respectively 47°°29 and 36°:49, which may be re- 
garded as agreeing fairly well with the observations. It 
appears, therefore, that of the two orbits referred to above, 
Mr. Gore’s is by far the most satisfactory. 

OBSERVATIONS OF THE COMPANION OF SirIus.—Prof. 
Young has communicated to the S7dereal Messenger (No. 46, 
p. 182) a series of measures of the companion of Sirius made at 
Princeton, for the most part with the 23-inch refractor, with 
powers of 460 and 300. Prof. Young remarss that during the 
present year the companion has been a difficult object, except 
when the seeing was good, and there have been fewer good 
nights than usual. The mean annual results are :— 

Position-Angle Distance 

Epoch Measure ene Epoch Measure ee 

1883'I05 ... 39°0 I 1883°105 ... 9°41 I 
1884°273 ... 36°30 5 1884°270 ... 8°70 4 
1885°112 ... 34°06 7 1885°089 ... 809 8 
1886°047 .... 29°77 4 1886°049 ... 7°59 3 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 JUNE 27—FULY 3 

(FOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 
At Greenwich on Fune 27 

Sun rises, 3h. 47m. ; souths, 12h. 2m. 44"Is. ; sets, 20h. 19m. ; 
decl. on meridian, 23° 20’ N.: Sidereal Time at Sunset, 
14h. 42m. 
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Moon (three days after Last Quarter) rises, th. 6m. ; souths, 
7h. 59m.; sets, 15h. 4m. ; decl. on meridian, 9° 31’ N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. m. Oe v 

MEKCUTY IE wencm5) 0 z RSe U7, 21 33 2an25nINe 
Venus ... I 42 9 18 16 54 L7e22UNi 
Mars II 20 17 30 23 40 1 IN. 
Jupiter... LURE 17 31 23 45 2eseN. 
Saturn... 4 16 12 26 20 36 22 34 N. 
June h. 
28 ... 10 Mars in conjunction with and o° 59’ south 

of Jupiter. 
2B) coy 2) Venus in conjunction with and 2° 57’ north 

of the Moon. 
July 

a 16 Sun at greatest distance from the Earth. 

Variable Stars 
Star R.A. Decl. 

Wy fi ao oa h. m. 
U Cephei ae 0 52:2)..7 OL LON, --4june 29, 0) Say 7 
S Leonis ooo EE TG) cos CT GUNS cog Ife eh M 
mores se cs T4) 5450) -. 8 4S 0 55 3; 23: 6 m 
Pee phiuchi’:; ... 17 10:8... 1 20.N. .. 1, 3) 46 7 

2? I, 23 53 m 

MEAPUCATI | «0117 AOA ae. 27 4792 «55 3) 2 OG 
R Scuti Pao DONATE Ones MSS OLS) UNeA 275 m 
R Lyre soa BEY Gi) ace Ze Zk ING Bee py esh m 
n Aquilze sek) AOL 7 OPAS NG es )uly, 3) (On Oye 
R Vulpecule ... 20 59°3 ... 23 22 N 5 M 
5 Cephei p22 R2AsO=2 570 5OUN! June 29, 0 oW 

M signifies maximum ; 7 minimum. 

Meteor Showers 

The principal radiants of the season are:—Near B Urse 
Majoris, R.A. 164°, Decl. 57° N.; near ¢ Ursee Majoris, R.A. 
210, Decl. 55° N. ; near & Serpentis, R.A. 263°, Decl. 15° S. ; 
from Vulpecula, k.A. 302°, Decl. 27° N. ; near ¢ Pegasi, R.A. 
B38, Decl. 13° N. 

Stars with Remarkable Spectra 
Name of Star R.A. 1886°0 Decl. 1886°0 Type of 

hoy) tm. Ss: 3 mn spectrum 

R Aquilz... Ig 0 32 Si, Scania = LS 
R Sagittarii 19 9 59 19 30°48. Ill. 
229 Schjellerup 19 25 33 76 201 N IV. 
228 Schjellerup 19 27 46 ... 16 37°25 IV. 
eGo nides. +--/19) 33 45) .-- 49) 50°60 No .. JOE, 
Viena 25°3522 .... 19) 3634... 32 211 N. .. IV. 
PROVED cece) ys =e. 19) 46011 222 32.3775 Noe DUE 
SRP 435-3425) 222) 10, 53).31 =< 43) 573 Ne on IV. 
D.M. + 35°4001 ... 20 5 46 ... 35 49°5 N. ... Bright lines 
IMS + 35.4002 .:..20 6 6.... 35 36°38 Ns ... IV. 
D.M. + 35°4013 ... 20 7 24 ... 35 50°6N. ... Bright lines 
D.M. + 36°°3956 ... 2010 4... 36 17°8N. ... Bright lines 
DEM TS 4072... 20.23 54 1. 15 53;7N. . ; 
D.M. + 17°°4370 20 32 52 7 ZLOVN iy IIL. 
Cy orien mre 20) 37837). 47/4400 Ni: |. IV. 
D.M. + 17°4401 ... 20 40 15 D7AOlOyN)) III. 

SECOND ANNUAL REPORT OF THE COUNCIL 
OF THE MARINE BIOLOGICAL ASSOCIA- 
LION OF THE UNITED KINGDOM} 

ig THE Council has met during the past year nine times, 
viz. on October 5, October 27, December 14, 

March 19, March 25, April 5, April 9, May 19, and June 
7. _ The chief business which has occupied the Council 

during the past year has been the preparation of the 
‘plan of the Laboratory building now in course of erection on the 
Citadel Hill at Plymouth, and the arranging for the execution of 
this plan by building and engineering firms. Further, the 
Council has given much time and attention to negotiations with 
the Lords of Her Majesty’s Treasury with regard to a grant in 
aid of the objects of the Association. 

The most important facts which the Council has to communi- 
cate to the Ascociation as the result of the year’s work are :— 

(1) The undertaking on the part of the Lords of the Treasury 
to submit to Parliament a grant of 5000/,, to be paid in two 

* Presented to the Annual General Meeting of the Association on June 8. 
1886, Prof. Huxley, President of the Association, in the chair. 7 , 

yearly instalments, and 500/. a year for five years, in aid of the 
objects of the Association ; and 

(2) The formal approval by the Council of a contract by 
Mr. Berry, of Plymouth, to erect the buildings and construct the 
reservoir of the Plymouth Laboratory at the price of 5902/. 16s., 
and also of a contract by Messrs. Leete, Edwards, and Norman, 
of London, to construct and fit the aquariums and pumping 
apparatus for the Plymouth Laboratory at the price of 3000/. 

The excavation of the site on the Citadel Hill at Plymouth is 
now actually in progress, and the Laboratory will be. in all 
probability ready for occupation by this time next year. 

In June 1885, the Council reported a capital sum of nearly 
8000/. as definitely promised to the Association, of which 4787/. 
was in the hands of the Treasurer. 

The Council now has to report a capital sum of 10,0007, ayail- 
able for expenditure on the building and fitting of the Plymouth 
Laboratory, and in addition an annual income from investments 
and annual subscriptions of 1100/. a year. Of the disposable 
capital sum about 5000/. is in the hands of the Treasurer, 
whilst the sum of 5000/. is to be paid in two instalments, 
one in 1886, and one in 1887, by Her Majesty’s Trea- 
sury. 

In June 1885, the Association numbered 277 members, of 
whom 163 were annual subscribers, the rest having compounded. 
It now numbers 305 members, of whom 169 are annual sub- 
scribers. 

Amongst important donations to the Association made during 
the past year, the Council desire especially to mention the sum 

| of 500/. received from Mr. John Bayly, of Plymouth, who was 
already a Founder, and is now qualified as a Life Governor of 
the Association. On hearing that the Council felt it to be 
necessary to omit certain features in the plan of the Plymouth 
Laboratory as approved by them, on account of the expense 
involved, Mr. John Bayly came forward with this munificent 
donation, and thus enabled the Council to carry out their 
original design. 

If. In reference to the grant from the Treasury, the Council 
submit, for the information of the members of the Association, 
the final letter received from the Lords of the Treasury and the 
answer returned by the Council to that communication. 

Treasury Chambers, December 9, 1885 

S1r,—I have laid before the Lords Commissioners of Her 
Majesty’s Treasury your letters of the 2nd and 13th ultimo, on 
the question of the proposed assistance to be given by the 
Government to the Marine Biological Association of the United 
Kingdom. Their Lordships have considered the matter very 
carefully, and they now desire me to inform you that they are 
prepared to propose to Parliament a grant of 5000/. towards the 
cost of the Laboratory which the Association intends to construct 
at Plymouth, such grant to be paid in two instalments of 2500/. 
each, one in 1886-87, and the other in 1887-88, and also an 
annual grant of 500/. for five years, beginning in the year 1887-88, 
towards the current expenses of the Laboratory, on the following 
conditions :— 

(1) That the Council of the Association agrees to have its 
accounts formally audited each year, and to furnish a statement 
of income and expenditure to the Treasury. 

(2) That the Council undertakes to issue at regular intervals 
(probably half-yearly) a detailed report of the work done in 
the Plymouth Laboratory, and to furnish the Treasury with such 
report. 

(3) That the Council pledges itself definitely to aim at pro- 
curing practical results with regard to the breeding and manage- 
ment of food-fishes. 

(4) That the Council undertakes to place space in the Ply- 
mouth Laboratory at the disposal of any competent investigator 
deputed by a recognised authority to carry out any investigation 
into fish questions for which the Laboratory can give facilities. 

I am to add that my Lords will make the necessary provision 
for these grants in the Estimates for the coming year, but until 
Parliament shall have sanctioned the grant, it will not be in 
their power to make any payments to the Association in fulfil- 
ment of the above promise of assistance. 

In conclusion I am to suggest, with reference to your letter of 
the 8th instant, that in future any communications between the 
Association and the Scotch Fishery Board should be conducted 
through the Secretary for Scotland. 

I have the honour to be, Sir, your obedient servant, 
M. W. RIDLEY 
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S1r,—I have laid before the Council of the Marine Biological 
Association your letter of the 7th inst., and I am instructed by 
the Council to say that they accept the four conditions mentioned 
in your letter as those upon which the Lords Commissioners of 
Her Majesty’s Treasury are prepared to propose to Parliament a 
grant of 5000/., and an annual grant of 500/. a year for five years, 
in aid of the building and of the current expenses of the 
Laboratory about to be erected by the Association on Plymouth 
Sound. 

The Council of the Association desire me to express, through 
you, to my Lords, the gratification which they experience in 
receiving this important assistance and mark of confidence from 
my Lords, and to offer at the same time their thanks to my 
Lords for the favourable consideration which has been accorded 
to the request of the Council. 

In regard to the term ‘‘a recognised authority ” used in the 
fourth condition proposed by my Lords and accepted by the 
Council, I am directed to say that the Council assumes that a 
“recognised” authority means a ‘‘STATE” recognised au- 
thority, such as the Scotch Fishery Board or Her Majesty’s 
Inspectors of Fisheries. 

On behalf of the Council of the Marine Biological Association 
I am accordingly empowered to state— 

(1) That the Council azrees to have its accounts formally 
audited each year, and to furnish a statement of income and 
expenditure to the Treasury. 

(2) That the Council undertakes to issue at regular intervals 
(probably half-yearly) a detailed report of the work done in the 
Plymouth Laboratory, and to furnish the Treasury with such 
report. 

(3) That the Council pledges itself definitely to aim at pro- 
curing practical results with regard to the breeding and manage- 
ment of food-fishes. 

(4) That the Council undertakes to place space in the Ply- 
mouth Laboratory at the disposal of any competent investigator 
deputed by a recognised authority to carry out any investigation 
into fish questions for which the Laboratory can give facilities. 

I have the honour to be, Sir, your obedient servant, 
E. Ray LANKESTER, Hon, Sec. M.B.A. 

To Sir M. W. Ridley, Bart. 

III. The attention of the Council having been drawn to the 
statement made in the House of Commons by the President of 
the Board of Trade to the effect that it was the intention of the 
Government to constitute a Fisheries Department under that 
Board, the following letter was addressed on March 19 to the 
President of the Board of Trade :— 

April 7, 1886 

S1r,—I am desired by the Council of the Marine Biological 
Association to inform you that they have observed from an 
official statement in Parliament that it is the intention of Her 
Majesty’s Government to constitute a Fishery Department as a 
branch of the Board of Trade. With a view to the meeting of 
the Council of the Association on March 19 last, I took the 
liberty to inquire whether you would be disposed to receive a 
deputation from the Council in order that it might have an 
opportunity of placing before you some account of the origin of 
the Association and of its proposed operations with regard to 
the fisheries of the British seas. The Council having learned 
that you thought the reception of such a deputation inadvisable, 
have instructed me to communicate to you, in accordance with 
your invitation, a brief account of the position of the Associa- 
tion and of its relations to the Government. 

The Council have taken steps to erect on the Citadel Hill, at 
Plymouth, on a site granted by the War Office, a Laboratory, 
which will be equipped with all the appliances in the sbape of 
tanks and working rooms suited for the study and observation 
of fishes and other marine organisms. It will afford convenient 
accommodation for from sixteen to twenty scientific investigators 
qualified to engage in biological research. 

In view of the national utility of such a Laboratory in connec- 
tion with the fishing industry, the Lords Commissioners of Her 
Majesty’s Treasury have agreed to submit to Parliament a vote 
of 5coo/., in two annual instalments, towards the erection of the 
Laboratory, and to supplement this when the Laboratory has been 
completed by an annual subsidy of 5oo/. 

I am directed to annex for your information a copy of the 
letter from my Lords embodying these undertakings. You will 
observe that they have laid stress on the duty of the Association 
to investigate everything relating to the economy of food fishes, 

t » completed. 

and that they further desired that the Marine Biological Asso- 
ciation should work in harmony with the Scotch Fishery Board, 
which was, at that time, the only formally constituted body con- 
nected with the subject in Great Britain. 

The Council apprehend, therefore, that the Marine Biological 
Association, receiving as it does liberal support and recognition 
of the importance of its aims from the Government, should — 
place at the disposal of the new Fishery Department any re- 
sources it may possess for the prosecution of such scientific 
investigations as the Department may wish to initiate. 

The Council further desire me to say that they will be glad to 
enter into such relations with the Department as may seem to 
you best calculated to effect the object. 

In making this offer the Council believe that they are carrying 
out the spirit of the conditions imposed upon them by my Lords 1 
in the letter of which a copy is inclosed. : 

Iam, Sir, your most obedient servant, 4 
E. Ray LaNnKESTER, Hon. Sec. M.B.A. 

The Right Honourable A. J. Mundella, M.P., 
Board of Trade 

To this letter the following answer was received :— \ 

Board of Trade, Whitehall Gardens, S.W., 
April 8, 1886 

S1r,—I am directed by Mr. Mundella to acknowledge the 
receipt of your letter of April 7, and to request that you will be 
so good as to convey to the Council of the Marine Biological 
Association his best thanks for their kind offer which they have 
made to place at the disposal of the new Fishery Department 
the resources which they possess for the prosecution of such 
scientific investigations as the Department may wish to initiate. 
Mr. Mundella wishes me to add that the matter is now receiving 
his most careful consideration. 

I am, Sir, your obedient servant, 
Prof. E. Ray Lankester T. W. P. BLOMEFIELD 

se 
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IV. In reference to the building and aquarium fittings, which — 
have been approved, and are now in course of construction for } 
the Laboratory at Plymouth, the Council appointed, as stated — 
in the last Annual Report, a Committee consisting of the Trea- 
surer, the Secretary, Dr. John Evans, Prof. Moseley, and Mr. — 
Spence Sate. These gentlemen, assisted by Mr. Walter Heape, » 
Assistant Secretary, and by Mr. Inglis, civil engineer, of Ply- 
mouth, met on several occasions in order to consider the details — 
of the Laboratory building and its fittings. Information and 
advice was obtained from the directors of the existing labora- 
tories and aquariums in Europe and in the United States of 
America, as well as from engineering firms acquainted with the 
special kind of work required. The limitation of the funds at 
the disposal of the Council had to be strictly borne in mind by 
the Committee, and finally, after much deliberation, a plan of 
buildings and fittings was submitted by the Committee and 
approved by the Council. The approval of the War Office had 
to be obtained in regard to the design of the building which is 
to be erected on the site granted by that Department of State, 
and the Council has had the advantage in this connection of the 
advice and assistance of Mr. E. Bell, the architect to the War 
Office. The design, for which a contract has now been accepted 
by the Council, has the approval of the authorities of the War 
Office and of the Town Council of Plymouth, ; 

V. Shortly after the annual meeting in June 1885, Mr. St. 
Leger Bunnett, of New Stone Buildings, 60, Chancery Lane, 
was appointed Assistant Secretary with the special purpose of 
aiding the Secretary in obtaining subscriptions and donations. 

In January of the present year Mr. Walter Heape vacated 
his post of Assistant Secretary, and was appointed Resident 
Superintendent of the Plymouth Laboratory at a salary of 200/. 
ayear. Mr. Heape will be provided with a suite of apartments 
in the Laboratory building. Since his appointment Mr. Heape 
has visited the Zoological Laboratory at Naples for the purpose 
of acquiring information which may assist him in the manage- 
ment of the Plymouth Laboratory. He will at once procee 
to Plymouth and take up his residence there, in order to com 
mence an investigation of the natural history of Plymouth Sound 
and to enter into relations with the fishermen of the district, so 
as to prepare the way for the operations of the Laboratory when 

Mr. Heape will also watch the erection of th 
Laboratory building and report from time to time to the Counci 
of the Association at Plymouth. 

VI. The Council propose to make two alterations in 
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by-laws of the Association which will require the approval of 
the present general meeting and of a subsequent special general 
meeting, which will be duly summoned. The first proposal is 
to enact by by-law of the Association that the Prime Warden 
of the Fishmongers’ Company shall always be ex officio a member 
of the Council of the Association. The Fishmongers’ Company 
have shown their interest in the enterprise of the Association by 
contributing 2000/. to its funds. In reply to an inquiry from the 
Council, the Court of Assistants of the Fishmongers’ Company 
have cordially accepted the proposition that the Prime Warden 

_ of the Company should hold the official relation to the Associa- 
tion above proposed. The Council therefore propose to alter 
By-law 2 of the Association by the insertion between the words 
“officers” and ‘‘and fourteen other members” of the words 
**the Prime Warden of the Fishmongers’ Company for the time 
being.” 

The second proposal has relation to the admission of the Uni- 
versities of Great Britain and Ireland to a share in the govern- 
ment of the Association. As was stated in the last Annual 
Report, members of the University of Cambridge have subscribed 
a sum of 500/. for the purpose of qualifying the University as a 
Governor of the Association. During the past year a similar 

' fund has been raised by members of the University of Oxford. 
' At the annual general meeting in June 1885, in view of these 
| proceedings, the following addition to By-law 17 was carried : 

** Any University of the United Kingdom, on the payment of 
§00/. to the Association by members of the University, shall, if 
the Council of the Association consent thereto, acquire as a 
consequence the perpetual right of nominating one member of 
the Council of the Association,” 
The Council now propose to erase the words just cited, and 

to substitute the following :— 
* Any University of the United Kingdom, on the payment of 

| 500/. to the Association in the name of the University and for 

| 
the purpose of acquiring the right herein specified, shall, if the 
Council of the Ass ciation assent thereto, become a Governor of 
the Association, and acquire the perpetual right of nominating 
annually one member of the Council of the Association to serve 
for one year (from the annual meeting in one year to that in the 
following year) ; and any resident member of the University sub- 

scribing roo/, or more to such fund of 500/., shall, in virtue 
/of such subscription, become a ‘Founder’ of the Associa- 
tion.” 

ee 

VII. The Council have again to record a severe loss to the 
Association in the list of its Vice-Presidents owing to the death 
of Dr. W. B. Carpenter, C.B., F.R.S. Dr. Carpenter was a 
warm supporter of the Association, and contributed largely by 
his advocacy of its objects to the success which has now been 
attained. 

VIII. The Council do not propose any change in the list of 
Officers, Vice-Presidents, and Council for the ensuing year. 
They desire to notify that the following gentlemen have qualified 
by subscription of 500/. each as Life-Members (Governors) of 
the Council, viz. Mr. Robert Bayly, of Plymouth, 1885; Mr. 

'Bazley White (Clothworkers’ Company), 1885; Mr. E. L. 
Beckwith (Fishmongers’ Company), 1885 ; and Mr, John Bayly, 
of Plymouth, 1886. 

IX. During the ensuing year the building at Plymouth will 
be in course of erection. It is anticipated that the chief duty of 
the Council during this period will be to organise a scheme of 
investigation to be carried out at Plymouth when the Laboratory 
is in working order. 

It will be especially the business of the Council to determine 
the conditions under which the Laboratory shall be accessible to 
the naturalists of the United Kingdom and other countries for 
the purpose of aiding in those inquiries into the life-history of 
marine animals and plants, and particularly of food-fishes, which 
it is the purpose of the Association to foster. 

X. The plan of the Laboratory building includes a library. 

tions of works relating to fisheries and to marine zoology and 
_ botany for the library, They will also be glad to receive sub- 
scriptions towards a special library fund, in reference to which 
and all similar matters, the Hon. Secretary, Prof. Lankester, 
can be consulted. 

XI. In conclusion, the Council desire again to express the 
great obligation which the Association is under towards the 
Council of the Linnean Society for the continued permission 
accorded by that body to the Association to meet in the rooms 
of the Society. 

The Council take the present opportunity of asking for dona- 
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MEMORANDUM RELATING TO THE MODE 
IN WHICH SCIENTIFIC KNOWLEDGE CAN 
BE MADE USEFUL TO ENGLISH FISHERIES 

qpPBe following Memorandum has been presented to the Presi- 
dent of the Board of Trade and officially acknowledged by 

hint: 

Without committing ourselves to all the statements and opinions 
contained in the subjoined Memorandum, we, the undersigned, 
wish to state that we concur generally with the views as to the 
proposed constitution of the new Fishery Department therein 
expressed — 

Argyll, K.G., F.R.S.; Walsingham ; Stalbridge ; E. Marjori- 
banks, M.P., Member of the late Royal Commission on Trawl- 
ing ; John Lubbock, Bart., M.P., F.R.S. ; James Paget, Bart., 
F.R.S.; Henry W. Acland, K.C.B., F-R.S.3 J. Fayrer, 
K.C.S.L, F.R.S., Honorary Physician to the Queen, Physician 
to the Secretary of State for India in Council ; C. Spence Bate, 
F.R.S., Member of Council of the Marine Biological Associa- 
tion; I. Bayley Balfour, F.R.S., Sherardian Professor of Botany 
in the University of Oxford ; Ed. Lonsdale Beckwith, late Prime 
Warden of the Fishmongers’ Company, Member of Council of 
the Marine Biological Association ; F. Jeffrey Bell, F.Z.S., Pro- 
fessor of Zoology in King’s College, London, Member of Council 
of the Marine Biological Association ; Henry B. Brady, F.R.S. ; 
W. S. Caine, M.P., Member of the late Royal Commission on 
Trawling ; P. H. Carpenter, F.R.S. ; W. H. Dallinger, F.R.S., 
President of the Royal Microscopical Society; F. Darwin, 
F.R.S. ; W. T. Thiselton Dyer, C.M.G., F.R.S., Director of 
the Royal Gardens, Kew, Member of Council of the Marine 
Biological Association ; W. H. Flower, F.R.S., Superintendent 
of the British Museum, Natural History, President of the 
Zoological Society, Vice-President of the Marine Biologi- 
cal Association; Hans Gadow, Strickland Curator and Lec- 
turer on Animal Morphology in the University of Cambridge ; 
Arthur Gamgee, F.R.S., Fullerian Professor of Physiology in 
the Royal Institution of Great Britain ; W. H. Gaskell, F.R.S. ; 
A. Giinther, F.R.S., Keeper of the Zoological Department of 
the British Museum, Member of Council of the Marine Bio- 
logical Association; S. F. Harmer, Fellow of King’s College, 
Cambridge ; W. A. Herdman, Professor of Zoology in Univer- 
sity College, Liverpool, Member of Council of the Marine Bio- 
logical Association; G. M. Humphry, F.R.S., Professor of 
Surgery in the University of Cambridge, late Professor of 
Anatomy, Fellow of King’s College ; J. N. Langley, F.RS., 
Fellow of Trinity College, Cambridge; E. Ray Lankester, 
F.R.S., Jodrell Professor of Zoology in University College, 
London, Fellow of Exeter College, Oxford, Hon. Sec. 
of the Marine Biological Association; A. Milnes Marshall, 
F.R.S., Professor of Zoology in Owens College, Manchester, 
Member of Council of the Marine Biological Association ; 
W. C. McIntosh, F.R.S., Professor of Natural History in 
the University of St. Andrews, Vice-President of the Marine 
Biological Association ; H. N. Moseley, F.R.S., Linacre Pro- 
fessor of Human and Comparative Anatomy in the University of 
Oxford, Chairman of Council of the Marine Bi logical Associa- 
tion; Geo. J. Romanes, F.R.S., Member of Council of the 
Marine Biological Association ; J. Burdon Sanderson, F.R.S., 
Waynflete Professor of Physiology in the University of Oxford ; 
E. A. Schafer, F.R.S., Professor of Physiology in University 
College, London; P. L. Sclater, F.R.S., Secretary of the 

Zoological Society, Member of Council of the Marine Biological 
Association ; Adam Sedgwick, F.R.S., Fellow of Trinity Col- 

lege, Cambridge, Member of Council of the Marine Biological 

Association ; C. Stewart, F.L.S., Conservator of the Museum of 

the Royal College of Surgeons, Member of Council of the Marine 

Biological Association ; D’Arcy W. Thompson, Professor of Zoo- 

logy in University College, Dundee ; Sydney H. Vines, F.R.S. ; 

W. F. R. Weldon, Fellow of Si. John’s College, Cambridge ; 

Frank Crisp, Vice-President of the Linnean Society, Hon. 

Treasurer of the Marine Biological Association ; Peter Eade, 

President, on behalf of the Norfolk and Norwich Naturalists’ 

Society; J. Gurney, Mayor of Norwich, R. E. Burroughes, 

H. W. Stafford, John B. Pearce, Harry Bullard, S. Gurney 
Buxton, and John Barwell, Conservators under the Norfol« and 

Suffolk Fisheries Act, 1877, for the City of Norwich ; C. Louis 

Buxton, T. C. Blofeld, and E. Frost, Mayor of Thetford, Con- 

servators for Norfolk; B. F. Grimsey, Mayor of Ipswich, and 

Lieut.-Col. H. M. Leathes, Conservators for Suffolk; F. B. 
Archer, Conservator for Lynn ; C. J. Greene, Hon. Sec. of the 
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Yare Preservation Society; Lieut.-Col. F. H. Custance ; 
Michael Beverley, M.D.; H. W. Bidwell; G. F. Buxton ; 
H. W. Fielden, late Naturalist to Sir G, Nares’s Arctic Expe- 
dition ; Thos. Southwell. 

I.— Preface 

(1) The necessity for an administration of our marine and 
fresh-water fisheries based upon thorough or scientific knowledge 
of all that relates to them has become obvious of late years. 
The Trawling Commission of 1884-85 has reported to this effect 
in so far as the subject of their inquiries is concerned. Other 
nations have adopted such a method of dealing with their fish- 
eries, with good results and the promise of better. 

(2) The inquiries and operations necessary cannot be con- 
ducted as the result of private commercial enterprise. They 
must be national in character. 

(3) Whilst the general trade returns of the fishing industry, 
on the one hand, and the practical enforcing of regulations as 
to the protection of fishing-grounds and the restriction of fish- 
ing operations within certain seasons and localities are matters 
with which an ordinary staff of officials can effectually deal, yet 
the chief purposes of the operation of a satisfactory Fisheries 
Department are of sucha nature that only expert naturalists can 
usefully advise upon them and carry them out. It is therefore 
important that the organisation of a State Fisheries Department 
should either be primarily under the control of a scientific 
authority who should direct the practical agencies as to trade 
returns and police, or that there should be distinct and parallel 
branches of the Department—the one concerned in scientific 
questions, the other in collecting trade returns and in directing 
the fisheries police. 

' (4) It does not appear that there is any ground for supposing 
that individuals of scientific training are zfso facto unfitted for 
administrative duties, and there would be obvious advantages 
in placing the operations of a Fisheries Department under one 
head. Indeed, it may be maintained that an education in 
scientific matters, and capacity for scientific work, is likely to 
produce a more practical and enterprising director of such a 
Department than could elsewhere be found. It has not been 
found desirable to place the administration of the important 
botanical institution at Kew in the hands of a non-scientific 
director, and there is no obvious reason for avoiding the 
employment of a scientific staff in the case of a Fisheries 
Department. 

Il.—Nature of the Work to be done 

(1) Generally to ascertain what restrictions or modifications 
in the proceedings of fishermen are desirable, so as to insure 
the largest and most satisfactory returns prospectively as well as 
immediately from the fishing-grounds of the English coast and 
from English rivers and lakes. 

(2) Especially to ascertain whether existing fishing-grounds 
can be improved by the artificial breeding of food-fishes and 
shell-fish, and to determine the methods of carrying on such 
breeding, and to put these methods into practice. 

(3) To find new fishing-grounds. 
(4) To introduce new fish—either actually new to the locality 

or new to the consumer. 

(5) To introduce (if practicable) methods of rearing and 
fattening marine fish in stock-ponds. 

(6) To look after the cultivation and supply of bait. 
(7) To introduce new baits, new methods of fishing, im- 

proved nets, improved boats, new methods of transport and of 
curing. 

The work can be divided into two sections. 
B, Practical Administration. 

A. Jnvestigation.— The inquiries which are necessary in order 
to effect the purposes indicated above are as follows :— 

(1) A thorough physical and biological exploration of the 
British coasts within a certain distance of the shore-line, 
especially and primarily in the neighbourhood of fishing- 
grounds. The investigation must include a determination of 
temperature and currents at various depths, the nature of the 
bottom, the composition of the sea-water, and the influence of 
rivers and conformation of coast upon these features. At the 
same time the entire range of the fauna and flora must be in- 
vestigated in relation to small areas so as to connect the varying 
living inhabitants of different areas with the varying physical 

A. Investigation ; 
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conditions of those areas and with the varying association of the ; 
living inhabitants z¢er se. Only in this way can the relation of 
food-fishes to the physical conditions of the sea, and to their 
living associates be ascertained and data furnished for ultimately 
determining the causes of the local distribution of different kinds 
of food-fishes and of the periodic migrations of some kinds of 
them. 

(2) A thoroughly detailed and accurate knowledge of the 
food, habits, and movements of each of the important kinds of 
food-fishes (of which about five-and-twenty, together with six 
shell-fish important either as food or bait, may be reckoned), 
The relation of each of these kinds of fish to its fishing-ground 
must be separately ascertained ; its time and mode of reproduc- 
tion, the mode of fertilisation of its eggs, the growth of the 
embryo, the food and habits of the fry, the enemies of the young 
and of the adult, the relation of both young and adult to tem- 
perature, to influx of fresh water, to sewage contamination, to 
disturbing agencies such as trawling, and ordinary traffic. 

(3) An inquiry as to whether over a long period of years there 
has been an increase or a decrease in the abundance of each 
kind of food-fish on the chief fishing-grounds as a matter of 
fact, together with an inquiry as to the actual take of each kind © 
of fish in successive years, and further an inquiry as to any ac- 
companying variation in (a) the number of fishing-boats ; (4) 
the methods of fishing ; (c) the climatic conditions or other such 
possibly influential conditions as previous inquiry may have 
suggested. 

(4) An inquiry for the purpose of ascertaining experimentally 
whether the decrease in the yield of fishing-grounds, in regard ~ 
to each several species of food-fish can be remedied: (@) by _ 
artificial breeding of the fish ; (4) by protecting the young ; (c) 
by increasing its natural food ; (¢) by destruction of its enemies ; 
(e) by restrictive legislation as to time or place of fishing and | 
as to size of fish which may be taken and character of ishing 
apparatus which may be used. 

(5) An inquiry to ascertain whether, if periodic, natural 
causes are at work in determining the fluctuations of the yield — 
of fishing-grounds, their effect can be foretold, and whether this — 
effect can in any case be counteracted ; similarly to ascertain in — 
the case of migratory shoal-fish whether any simple and trust- 
worthy means can be brought into operation for the purpose of 
foretelling the places and times of their migrations so as to 
enable both fishermen and fish-dealers to be ready for their 
arrival. 

(6) An inquiry into the diseases of fish, especially in relation 
to salmon and other fresh-water fish. 

B. Practical Administration.—The chief heads under which 
this presents itself as distinct from the antecedent search for 
reliable data are :— 

(1) The management of an efficient ‘‘intelligence depart- 
ment,” giving weekly statistics of the fishing industry, the 
appearance and disappearance of certain fish at particular spots, 
the number of fishing-boats employed, the methods of fishing 
employed, the meteorological conditions. 

(2) The advising and enforcing of restrictions by the Legisla- 
ture as to time, place, and method of capture of fish. 

(3) The artificial breeding and rearing of fish to stock im- 
poverished fishing-grounds. 

(4) The leasing and management of the foreshore and sea- 
bottom in particular spots, for the purposes of oyster-culture 
and mussel-culture, and of marsh-lands near the sea for the 
formation of tanks and fish-ponds. 

(5) The opening up of new fishing-grounds and of new fish 
industries (curing and treatment of fish for commercial pur- 
ses). 

F (6) The introduction of new species of food-fish and shell- 
fish. 

D 

we he 

as 
Hie 0 a 1 

IlI.—General Organisation and Staff necessary to carry on the 
Inquiries and to put the Results attained into Practice 

It is a matter of fundamental importance to determine, first 
of all, whether it is desirable that these matters should be dealt 
with by a permanent staff, or, on the other hand, by the occa- 
sional employment of a scientific man—not habitually occupied 
in these inquiries—to attempt the solution of any particular 
problem which an unskilled official may present to him. 

Clearly there must be economy in employing permanently 
certain naturalists who will familiarise themselves with this 
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special class of questions and become experts in all that relates 
to fishery problems. 

Further, is it desirable that the matters which are to be 
inquired into should be determined by an official unskilled in 
natural history? Or, onthe other hand, that the selection of 
inquiries likely to lead to a satisfactory result should be made 
by a man of science, specially conversant with the nature of the 
things to be dealt with ? 

The organisation required consists, 
concerned, of :— 

(1) A chief scientific authority. 
(2) A staff of working naturalist-inspectors. 
(3) A staff of clerks. 
And, so far as material is concerned, of :— 
(4) A London office, with collection of fishes, apparatus used 

in fishing, maps, survey-records, statistical returns, and library. 
(5) A surveying-ship, under the orders of the Department, to 

be manned and maintained by the Admiralty. 
(6) A chief laboratory fitted for carrying on investigations 

such as those named in Section II., and also two smaller moy- 
able laboratories, together with steam yacht fitted for dredging 
and sounding. 

(7) Hatching-stations and fish-ponds. 
With regard to the foregoing headings, it is a matter for con- 

sideration whether ‘‘the chief scientific authority” should be 
an individual or a committee of five. The position assigned 
to this post should be equal to that of the Director of the 
Geological Survey or the Director of the Royal Gardens, Kew, 
or, if the ‘‘ authority” takes the form of a committee, it should 
be placed on the same footing as the Meteorological Council. 
The person or persons so appointed should be responsible for 
all the operations of the Department, and of such scientific 
training and capacity as to be likely to devise the most useful 
lines of inquiry and administration. 

The ‘‘naturalist-inspecters”’ should be six in number, but 
operations might be commenced with a smaller staff. They 
should be thoroughly competent observers, and under the direc- 
tion of the chief scientific authority they would be variously 
employed, either on the surveying-ship, at the chief laboratory, 
or in local laboratories, hatching-stations, or in the London 
office and museum. 

The naturalists thus employed would become specialists in 
all matters relating to the life-history of fishes and their food ; 
they would acquire a skill and knowledge far beyond that which 
it is possible to find amongst existing naturalists, who occa- 
sionally are requested to make hurried reports on such matters 
as salmon disease or the supposed injury of the herring-fisheries 
by trawlers. 

One of the naturalist-inspectors should be a chemist and 
physicist, in order to report on the composition of the water 
and the nature of the bottom in the areas investigated. 

“Clerks” would be required in the London office to tabulate 
statistics and carry on correspondence. These gentlemen need not 
necessarily have any scientific knowledge. It would probably be 
necessary to have a correspondent or agent of the Department in 
every large fishing centre. Probably the coast-guard officials 
might be taken into this service. 

With regard to material equipment it appears to be necessary 
that a Scientific Fisheries Department should have at its 
London office a Museum of fishing apparatus for reference and 
instruction, and also complete collections illustrative of the 
fishes, their food, enemies, and other surroundings. In the 
same building would be exhibited maps showing the distribu- 
tion and migrations of food-fishes, the coast temperature and 
its variations, the varying character of the sea-bottom, sea- 
water, &c. 

The surveying-ship or ships would be provided by the 
Admiralty. 
A central laboratory is in course of erection upon Plymouth 

Sound by the Marine Biological Association. Her Majesty’s 
Government has promised to contribute 5000/. and 500/, a year 
to this institution, on condition that its resources are avail- 
able for the purpose here indicated. Certain of the ‘‘ natur- 
alist-inspectors” (probably three at any one time) would 
be stationed at the Plymouth laboratory in order to carry on 
pce studies of the development and food of particular species 
of fis 

The smaller movable laboratories, steam-yacht, 
appliances would not be costly. 

so far as persons are 

and other 

ON NEW APPLICATIONS OF THE MECHANI- 
GAL PROPERTIES OF GORKG MOS RAE ARTS + 

i would seem difficult to discover any new properties in a 
substance so familiar as cork, and yet it possesses qualities 

which distinguish it from all other solid or liquid bodies, namely, 
its power of altering its volume in a very marked degree in con- 
sequence of change of pressure. All liquids and solids are 
capable of cubical compression, or extension, but to a very small 
extent ; thus water is reduced in volume by only 1/2000 part 
by the pressure of one atmosphere. Liquid carbonic acid yields 
to pressure much more than any other fluid, but still the rate is 
very small. Solid substances, with the exception of cork, offer 
equally obstinate resistance to change of bulk; even india- 
rubber, which most people would suppose capable of very con- 
siderable change of volume, we shall find is really very rigid. 

I have here an apparatus for applying pressure by means of a 
lever. I place a piece of solid india-rubber under the plate and 
you see that I can compress it considerably by a very light pres- 
sure of my finger. I slip this same piece of india-rubber into a 
brass tube, which it fits closely, and now you see that [am 
unable to compress it by any force which I can bring to bear. I 
even hammer the lever with a mallet, and the blow falls as it 
would on a stone. The reason of this phenomenon is, that in 
the first place, with the india-rubber free, it spread out laterally 
while being compressed longitudinally, and consequently the 
volume was hardly altered at all ; in the second case, the strong 
brass tube prevented all lateral extension, and because india- 
rubber is incapable of appreciable cubical compression, its 
length only could not be sensibly altered by pressure. 

Extension, in like manner, does not alter the volume of india- 
rubber. In this glass tube is a piece of solid round rubber which 
nearly fills the bore. The lower end of the rubber is fixed in 
the bottom of the tube, and the upper end is connected by a fine 
cord to a small windlass, by turning which I can -stretch the 
rubber. I fill the tube to the brim with water, and throw an 
image of it onto the screen. If stretching the rubber either 
increases or diminishes its volume, the water in the tube will 
either overflow or shrink in it. I now stretch the rubber to 
about 3 inches, or one-third of its original length, but you can- 
not see any appreciable movement in the water-level, hence the 
volume of the rubber has not changed. 

Metals when subjected to pressures which exceed their elastic 
limits, so that they are permanently deformed, as in forging or 
wire-drawing, remain practically unchanged in volume per unit 
of weight. 

I have here a pair of common scales. To the under sides of 
the pans I can hang the various specimens that I wish to examine ; 
underneath these are small beakers of water which I can raise 
or lower by means of a rack and pinion. Substances immersed 
in water lose in weight by the weight of their own volume of 
water ; hence if two substances of equal volume balance each 
other in air, they will also balance when immersed in water, 
but if their volumes are not the same, then the substance having 
the smaller volume will sink, because the weight of water it 
displaces is less than that displaced by the substance with the 
larger volume. To the scale on your left hand is suspended a 
short cylinder of ordinary iron, and to the right-hand scale a 
cylinder of ordinary copper. They balance exactly. I now 
raise the beakers and immerse the two cylinders in water; you 
see the copper cylinder sinks at once, and I know by that that 
copper has a smaller volume per pound than iron, or, as we 
should com:ronly say, it is heavier than iron. I now detach 
the copper cylinder, and in its place hang on this iron one, 
which is made of the same bar as its fellow cylinder, but forced, 
while red hot, into a mould by a pressure of sixty tons per 
square inch and allowed to cool under that pressure. The two 
cylinders balance, as yousee. Has the volume of the iron in 
the compressed cylinder been altered by the rough treatment it 
has received? I raise the beakers, immerse the cylinders, the 
balance is not destroyed ; hence we conclude that although the 
form has been changed the volume has remained the same. I 
substitute for the hot compressed cylinder one pressed into a 
mould while cold, and held there for some time, with a load of 
sixty tons per square inch ; the balance is not destroyed by 
immersion, hence the volume has not been altered. I can 
repeat the experiments with these copper cylinders and the 

* A Paper read at the Royal Institution of Great Britain on April 9, 1886, 
by William Anderson, M.Inst.C.E., M.R.I. 
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result will be found the same. Extension also is incapable of 
appreciably altering the density of metals. I attach to the 
scales two specimens of iron taken from a bar which had been 
torn asunder by a steady pull. One specimen is cut from the 
portion where it had not been strained, and the other from the 
very point where it had been gradually drawn out and fractured. 
‘The specimens balance, I immerse them, you see the balance is 
not destroyed ; hence the volume of the iron has not been 
changed appreciably by extension. 

But cork behaves in a very different manner. I place this 
cylinder of cork into just such a brass tube as served to restrain 
the india-rubber and apply pressure to it in the same way; you 
see I can readily compress the cork, and when I release it it 
expands back to its original volume: the action is a little 
sluggish on account of the friction of the cork against the sides 
of the tube. In this case, therefore, a very great change in the 
volume of the material has been easily effected. 

But although solids evidently do not change sensibly in bulk, 
after having been released from pressures high enough to distort 
them permanently, yet, while actually under pressure, the volumes 
may have been considerably altered. As far as I am aware, 
this point has not been determined experimentally for metals, 
but it is very easy to show that india-rubber does not change. 

I have here some of this substance, which is so very slightly 
lighter than water, that, as you see, it only just floats in cold 
water but sinks in hot. If I could put it under considerable 
pressure while afloat in cold water, then, if its volume became 
sensibly less, it ought to sink. In the same way, if I load a 
piece of cork and a piece of wood so that they barely float, 
if their volumes alter they ought to sink. 

In this strong upright glass tube I have, at the top, a piece of 
india-rubber, immediately below it a piece of wood, and below 
that a cork; the wood and the cork are loaded with metal 
sinkers to reduce their buoyancy. The tube is full of water and 
is connected to a force-pump by means of which I can impose a 
pressure of over 1000 lbs. per square inch. ‘The image of the 
tube is now thrown on the screen and the pressure is being 
applied. You see at once the cork is beginning to shrink in all 
directions, and now its volume is so reduced that it is incapable 
of floating, and sinks down to the bottom of the tube. The 
india-rubber is absolutely unaffected, the wood does contract a 
little, but not sufficiently to be visible to you or to cause it to 
sink. I open a stop-cock and relieve the pressure ; you see that 
the cork instantly expands, its buoyancy is restored, and it floats 
again. By alternately applying and taking off the pressure I 
can produce the familiar effect so well known in the toy called 
“‘the bottle imps.” It is this singular property which gives to 
cork its value as a means of closing the mouths of bottles. Its 
elasticity has not only a very considerable range, but it is very 
persistent. Thus in the better kind of corks used in bottling 
champagne and other effervescing wines you are all familiar 
with the extent to which the corks expand the instant they 
escape from the bottles. I have measured this expansion, and 
find it to amount to an increase of volume of 75 per cent., even 
even after the corks have been kept in a state of compression in 
the bottles for ten years. If the cork be steeped in hot water, 
the volume continues to increase till it attains nearly three times 
that which it occupied in the neck of the bottle. 

When cork is subjected to pressure, either in one direction, as 
in this lever press, or from every direction, as when immersed 
in water under pressure, a certain amount of permanent de- 
formation or ‘permanent set” takes place very quickly. This 
property is common to all solid elastic substances when strained 
beyond their elastic limits, but with cork the limits are compara- 
tively low. You have, no doubt, noticed in chemists’ and other 
shops that, when a-cork is too large to fit a bottle, the shop- 
keeper gives the cork a few sharp bites, or, if he be more re- 
fined, he uses a pair of specially-contrived pincers; in either 
case he squeezes the cork beyond its elastic limits, and so makes 
it permanently smaller. Besides the permanent set, there is a 
certain amount of what I venture to call sluggish elasticity, 
that is, cork on being released from pressure, springs back a 
certain amount at once, but the complete recovery takes an 
appreciable time. 

While I have been speaking, a piece of fresh cork, loaded so 
as barely to float, has been inserted into the vertical glass 
pressure-tube. apply a slight pressure, you see the cork sinks. 
I release the pressure, and it rises briskly enough. I now apply 
a much higher pressure for a moment or two, I release it, and 
the cork will either not rise at all, or will do so very slowly ; its 

volume has been permanently altered ; it has taken a permanent 
set. 

In considering the properties of most substances, our search 
for the cause of these properties is baffled by our imperfect 
powers and the feeble instruments we possess for investigating 
molecular structure. With cork, happily, this is not the case ; 
an examination of its structure is easy, and perfectly explains 
the cause of its peculiar and valuable properties. 

All plants are built up of minute cells of various forms and 
dimensions. Their walls or sides are composed chiefly of a 
substance called cellulose, frequently associated with lignine, or 
woody matter, and with cork, which last is a nitrogenous sub- 
stance found in many portions of plants, but is es) ecially de- 
veloped in the outer bark of exogenous trees, that is, trees 
belonging to an order, by far the most common in these lati- 
tudes, the stems of which grow by the addition of layers of 
fresh cellulose tissue outside the woody part and inside the bark. 
Between the bark and the wood is interposed a thin fibrous 
layer, which, in some trees, such as the lime, is very much 
developed, and supplies the bass matting with which all are 
familiar. The corky part of the bark, which is outside, is 
composed of closed cells exclusively, so built together that no 
connection of a tubular nature runs up and down the tree, 
although horizontal passages radiating towards the woody part 
of the tree are numerous. In the woody part of the tree, on the 
contrary, and in the inner bark, vertical passages or tubes exist, 
while a connection is kept up with the pith of the tree by means 
of medullary rays. In one species of tree, known as the cork 
oak, the corky part of the bark is very strongly developed. I 
project on the screen the magnified image of a horizontal section 
of the bark of the cork oak ; you see nine or ten bands running 
parallel to each other: these are the layers of cellulose matter 
that have been deposited in successive years. I turn the speci-- 
men, and you now see the vertical section with the radiating 
passages clearly marked. 

The difference between the arrangement of the cells or tissue 
forming the woody part of the tree and the bark is easily shown. 
I have here three metal sockets, supported over a shallow 
wooden tray. Into them are fitted, first, a cork cut out of the 
bark in a vertical direction, next, a cork cut in a radial direc- 
tion, and, lastly, a piece of common yellow pine. By means of 
my force-pump, I apply a couple of atmospheres of hydraulic 
pressure. I project an image of the apparatus on the screen, 
and you see the water has made its way through the wood and 
through the cork cut in the radial direction, while the cork cut 
in the vertical direction is impervious. 

The cork tree, a species of evergreen oak, is indigenous in 
Portugal and along both shores of the Mediterranean. The 
diagram on the wall has been painted from a sketch obligingly 
sent to me by Mr. C. A. Friend, the resident engineer of the 
Seville Waterworks, to whom I am also indebted for this branch 
of a cork tree, these acorns, this axe used in getting the cork, 
and fora description of the habits of the tree, its cultivation, 
and the mode of gathering the harvest. 

The cork oak attains a height of 30 to 40 feet ; it is not culti- 
vated in any way, but grows like trees in a park. The first 
crop is not gathered till the tree is thirty years old, the next nine 
or ten years later ; both these crops yield inferior cork, but at 
the third crop, gathered when the tree is fifty years old, the 
bark has attained full maturity, and after that will yield the 
highest quality of cork every nine or ten years. In the autumn 
of the year, when the bark is in a fit state, that is, for small 
trees, from three-quarters of an inch to one inch thick, and for 
larger ones up to one inch and a half, a horizontal cut is made, 
by means of a light axe like the one I hold in my hand, through 
the bark a few inches above the ground; succeeding cuts are 
made at distances of about a yard, up to the branches, and even 
along some of the large ones, then two or more vertical cuts, 
according to the size of the tree, and the bark is ripped off by 
inserting the wedge-shaped end of the axe-handle. In making 
the cuts great care is taken to avoid wounding the inner bark, 
upon the integrity of which the health of the tree depends ; but 
where this precaution is taken, the gathering of the cork does 
not in any way injure the tree. ’ 

After stripping, the cork is immersed for about an hour in hot 
water, it is dressed with a kind of spokeshave, then laid out flat” 
and weighted in order to take out the curvature; it is then 
stacked in the open air, without protection of any kind, for cork 
does not appear to be susceptible of receiving injury from the 
weather. 

7 a, 
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The minute structure of the bark is very remarkable. First, 
I project on the screen a microscopic section of the wood of the 
cork tree. It is taken in a horizontal plane, and I ask you to 
notice the diversity of the structure, and especially the presence 
of large tubes or pipes. I next exhibit a section taken in the 
same plane ofthe corky portion of the bark. You see the whole 
substance is made up of minute many-sided cells about 1/750 
of an inch in diameter, and about twice as long, the long way 
of the cells being disposed radially to the trunk. The walls of 
the cells are extremely thin, and yet they are wonderfully im- 
pervious to liquids, Looked at by reflected light, if the speci- 
men be turned, bands of silvery light alternate with bands of 
comparative darkness, showing that the cells are built on end to 
end in regula> order. The vertical section next exhibited shows 
a cross section of the cells looking like a minute honeycomb. 
In some specimens large numbers of crystals are found. These 
could not be distinguished from the detached elementary 
spindle-shaped cells, of which woody fibre is made up, were it 
not for the powerful means of analysis we have in polarised 
light. I need hardly explain to an audience in this Institution 
that light passed through a Nicol prism becomes polarised, 
that is to say, the vibrations of the luminiferous ether are 
all reduced to vibrations in one plane, and, consequently, if 
a second prism be interposed and placed at right angles to the 
first, the light will be unable to get through ; but if we introduce 
between the crossed Nicols a substance capable of turning the 
plane of vibration again, then a certain portion of the light will 
pass. I have now projected on the screen the feeble light 
emerging from the crossed Nicols. I introduce the microscopic 
preparation of cork cells between them, and you see the crystals 
glowing with many-coloured lights on a dark ground. 

Minute though these crystals are, they are very numerous and 
hard, and it is partly to them that is due the extraordinary rapidity 
with which cork blunts the cutting instruments used in shaping 
it. Cork-cutters always have beside them a sharpening-stone, 
on which they are obliged to restore the edges of their knives 
after a very few cuts. 

The cells of the cork are filled with gaseous matter, which is 
very easily extracted, and which has been analysed for me by 
Mr. G. H. Ogston, and proved to be common air. I have here 
a glass tube in which are some pieces of cork which have been 
cut into slices so as to facilitate the escape of the air. I connect 
the tube with an exhausted receiver and project the image on the 
screen ; you see rising from the cork bubbles of air as numerous, 
but much more minute than the bubbles which rise from sparkling 
wines ; much more minute, because the bubbles you see are 
expanded to seven or eight times their volume at atmospheric 
pressure on account of the vacuum existing in the tube. The 

_ air will continue to come off for an hour or more, and from 
__ measurements made by Mr. Ogston I find that the air occluded 

in the cork amounts to about 53 per cent. of its volume. The 
facility with which the air escapes, compared with the imper- 
meability of cork to liquids is very remarkable. 

I throw on the screen the image of a section cut from a cork 
which was kept under a vacuum of about 26 inches for five days 
and nights ; aniline dye was then injected, and yet you see that 
the colour has not more than permeated the outermost fringe of 
cells—those, in fact, which had been broken open by the opera- 
tion of cutting the cork. By keeping cork for a very long time 
in an almost perfect vacuum, and then injecting dye, a slight 
darkening of the general colour of a section of the cork may be 
noticed, but it is very slight indeed. How, then, does the air 
escape so readily when the cork is placed zz vacuo ? 

The answer is, that gases possess the property of diffusion ; 
that is, of passing through porous media of inconceivable fine- 
ness. When two gases, such as hydrogen and air, are separated 
by a porous medium, they immediately begin to pass into each 
other, and the lighter gas passes through more quickly than the 

heavier. 

_ of cork are eminently pervious to gases. 

- Ihave here a glass tube, the upper end of which is closed by 
a thin slice of cork, the lower end dips into a basin of water. 
Some hours ago the tube was filled with hydrogen, which you 
know is about 144 times lighter than air ; consequently, accord- 
ing to the law of diffusion, it will get out of the tube through 
the cork quicker than the air can get in by the same means, and 
the result must be that a partial vacuum will be formed in the 
tube, and a column of water will be drawn up. You see that 
such has been the case, and we have thus proved that the cells 

The pores in the cell- 
walls appear, however, to be too minute to permit the passage 
of liquids. 

I closed the end of a glass tube 11 mm. diameter, with a disk 
of cork 1°75 mm. thick, cut at right angles to the axis of the 
tree ; I placed a solution of blue litmus inside the tube, and 
suspended it in a weak solution of sulphuric acid. Had diffusion 
taken place, both liquids would have assumed a red colour, but 
after sixteen hours no change whatever could be detected. A 
like inertness was exhibited when the tube was filled with a 
solution of copper sulphate and suspended in a weak solution of 
ammonia ; a deep blue colour would have appeared had any 
intermixture taken place, and the same tube is before you im- 
mersed in ammonia and filled with red litmus solution. It has 
been in this condition since February 28, but no diffusion has 
taken place. A disk of wood 6 mm, thick under the same cir- 
cumstances showed, after a couple of hours, by the liquids turning 
blue, that diffusion was going on actively. It is this property of 
allowing gases to permeate while completely barring liquids that 
enables cork to be kept in compression under water or in contact 
with various liquids without the air-cells becoming water-logged, 
and that makes cork so admirable an article for waterproof 
wear, such as boot-soles and hats, for, unlike india-rubber, it 
allows ventilation to go on while it keeps out the wet. The 
cell-walls are so strong, notwithstanding their extreme thinness, 
that they appear, when empty, to be able to resist the atmo- 
spheric pressure, for the volume of the cork does not sensibly 
diminish, even when all the air has been extracted. Viewed 
under very high power, cross-stays or struts of fibrous matter 
may be distinguished traversing the cells: these, no doubt, add 
to the strength and resistance of the structure. 

From what you have seen you will have no difficulty in 
arriving at the conclusion that cork consists, practically, of an 
aggregation of minute air-vessels, having very thin, very water- 
tight, and very strong walls, and hence, if compressed, we may 
expect the resistance to compression to rise in a manner more 
like the resistance of gases than the resistance of an elastic solid 
such as a spring. Ina spring the pressure increases in propor- 
tion to the distance to which the spring is compressed, but with 
gases the pressure increases in a much more rapid manner ; that 
is, inversely as the volume which the gas is made to occupy. 
But from the permeability of cork to air, it is evident that, if 
subjected to pressure in one direction only, it will gradually part 
with its occluded air by effusion, that is by its passage through 
the porous walls of the cells in which it is contained. This fact 
can be readily demonstrated by the lever press which I have 
used, for, if the brass cylinder containing the cork be filled with 
soap and water and pressure be then applied, minute bubbles 
will be found to collect on the surface, and their formation will 
go on for many hours. 

On the other hand, if cork be subjected to pressure from all 
sides, such as operates when it is immersed in water under 
pressure, then the cells are supported in all directions, the air in 
them is reduced in volume, and there is no tendency to escape in 
one direction more than another. An india-rubber bag, such as 
this, distended by air, bursts, as you see, if pressed between two 
surfaces, but if an india-rubber cell be placed in a glass tube-and 
subjected to hydraulic pressure, it is merely shrivelled up; the 
strain on its walls is actually reduced. 

To take advantage of the peculiar properties of cork in 
mechanical applications, it is necessary to determine accurately 
the law of its resistance to compression, and for this purpose I 
instituted a series of experiments of this kind. Into a strong iron 
vessel of 54 gallons capacity I introduced a quantity of cork, and 
filled the interstices full of water, carefully getting out all the air. 
I then proceeded to pump in water, until definite pressures up to 
1000 pounds per square inch had been reached, and, at every 100 
pounds, the weight of water pumped in was determined. In this 
way, after many repetitions, I obtained the decrease of volume 
due to any given increase of pressure. The observations have 
been plotted into the form ofa curve, which yousee on the diagram 
on the wall. The base-line represents a cylinder containing one 
cubic foot of cork divided by the vertical lines into ten parts ; the 
black horizontal lines according to the scale on the left hand 
represent the pressures in pounds per square inch which were 
necessary to compress the cork to the corresponding volume. 
Thus to reduce the volume to one-half, required a pressure of 250 
pounds per square inch. At 1000 pounds per square inch the 
volume was reduced to 44 per cent. ; the yielding then became 
very little, showing that the solid parts of the cells had nearly 
come together, and this corroborates Mr. Ogston’s determina- 
tion that the gaseous part of cork constitutes 53 per cent. of 
its bulk. The engineer, in dealing with a compressible sub- 
stance, requires to know not only the pressure which a given 
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change of volume produces, but also the work which has to be 
expended in producing the change of volume. The work is ca!- 
culated by multiplying the decrease of volume by the mean 
pressure per unit of area which producedit. The ordinates of the 
dotted curve on the diagram with the corresponding scale of foot- 
pounds on the right-hand side are drawn equal to the work done 
in compressing a cubic foot of cork to the several volumes marked 
on the base-line. I have not been able to find an equation to 
the pressure curve ; it seems to be quite irregular, and hence the 
only way of calculating the effects of any given change of volume 
is to measure the ordinates of the curve constructed by actual 
experiment. As may be supposed the pressures indicated by ex- 
periment are not nearly so regular and steady as corresponding 
experiments on a gas would be, and the actual form of the curves 
will depend on the quality of the cork experimented on. 

The last point of importance in this inquiry relates to the 
permanence of elasticity in cork. 

So far as preservation of elasticity during years of compression 
is concerned, we have the evidence of wine corks to show that a 
considerable range of elasticity is retained for a very long time. 
With respect to cork subjected to repeated compression and ex- 
tension, I have very little evidence to offer beyond this, that 
cork which had been compressed and released in water many 
thousand times had not changed its molecular structure in the 
least, and had continued perfectly serviceable. Cork which has 
been kept under a pressure of three atmospheres for many weeks 
appears to have shrunk to from 80 to 85 per cent. of its original 
volume. 

I will conclude this lecture by bringing under your notice two 
novel applications of cork to the arts. 

Before the lecture-table stands a water-raising apparatus called 
a hydraulic ram. The structure of the machine is shown by a 
diagram on the wall. The ram consists of an inclined pipe, which 
leads the water from a reservoir into a chamber which terminates 
in a valve opening inwards. Branching up from the chamber is 
a passage leading toa valve, opening outwards and communicating 
with a regulating vessel, which is usually filled with air, but which 
I prefer to fill with cork and water. Immediately beyond the 
inner valve is inserted a delivery pipe, which is laid to the spot 
to which the water has to be pumped, in this case to the fountain 
jet in the middle of this pan. 

The action of the ram is as follows :—The outer valve, which 
opens inwards, is, in the first instance, held open, and a flow of 
water is allowed to take place through it down the pipe and 
chamber. The valve is then released, and is instantly shut by 
the current of water which is thus suddenly stopped, and, in 
consequence, delivers a blow similar to that produced by the fall 
of a hammer on an anvil, and just as the hammer jumps back 
from the anvil, so does the water recoil back to a small extent 
along the pipe. 

During this action, first, a certain portion of water is forced 
by virtue of the blow through the inner valve, opening outwards, 
into the cork vessel, and so to the delivery pipe, and instantly 
afterwards the recoil causes a partial vacuum to form in the body 
of the ram, and permits the atmospheric pressure to open the 
outer valve and re-establish a rush of water as soon as the recoil 
has expended itself. In the little ram before you, this action, 
which it has taken so long to describe, is repeated 140 times in 
a minute. 

The ram is now working. You hear the regular pulses of the 
valve, and you see a jet of water rising some I0 feet into the air. 
I throw the electric light on the water, and I ask you to notice 
the regularity of the flow. You can, indeed, detect the pulses 
of the ram in the fountain, but that is because I am only using a 
regulating vessel of the same capacity as that generally used for 
air, and you will recollect that 44 per cent. of the substance of 
cork is solid and inelastic. By closing a cock I can cut off the 
cork vessel from the ram; you see the regularity of the jet has 
disappeared, it now goes in leaps and bounds. This demon- 
strates that the elasticity of cork is competent to regulate the 
flow of water. When air is used for this purpose the air-vessel 
has to be filled, and, with most kinds of water, the supply has to 
be kept up while the ram is working, because water under 
pressure absorbs air. For this purpose a “‘sniff-valve” is a 
necessary part of all rams. It is a minute valve opening inwards, 
placed just below the inner valve ; at each recoil a small bubble 
of air is drawn in and passed into the air-vessel. This “ sniff- 
valve” is a fruitful source of trouble. Its minuteness renders it 
liable to get stopped up by dirt ; it must not, of course, be sub- 
merged, and, if too large, it seriously affects the duty performed 

by the ram. The use of cork gets rid of all these difficulties, no 
sniff-valve is needed, the ram will work deeply submerged, 
and there is no fear of the cork vessel ever getting empty. The 
duty which even the little ram before you has done is 65 per 
cent., and larger ones have reached 8o per cent. 

The second novel application of cork is for the purpose of 
storing a portion of the energy of the recoil of cannon, for the 
purpose of expending it afterwards in running them out. 

The result of the explosion of gunpowder in a gun is to drive 
the shot out in one direction, and to cause the gun to recoil with 
equal energy the opposite way. To restrain the motion of the 
gun ‘‘compressors” of various kinds are used, and in this 
country, for modern guns, they are generally hydraulic, that is 
to say, the force of recoil is expended in causing the gun to 
mount an inclined plane, and, at the same time, in driving a 
piston into a cylinder full of water, the latter being allowed to 
squeeze past the piston through apertures, the areas of which are 
either fixed or capable of being automatically varied as the gun 
recedes ; or else the water is driven out of the cylinder through 
loaded valves. As a rule, the gun is moved out again into its 
firing position by its weight causing it to run down the inclined 
plane, up which it had previously recoiled. For naval purposes, 
however, this plan is inconvenient, because the gun will not run 
out to windward if the vessel is heeling over, on account of the 
inclined plane becoming more horizontal, or even inclined in the 
reverse direction, and should the ship take a permanent list, from 
a compartment getting full of water, the inconvenience might be 
very considerable. 

In land service guns, when mounted in barbette, the rising of 
the gun exposes it and the loading detachment more to the 
enemy’s fire, and in both cases, when placed in ports or embra- 
sures, the ports must be higher than if the gun recoiled horizon- 
tally, and will therefore offer a better mark to the enemy’s fire, 
especially that of machine guns, while the sudden rise of the gun 
in recoiling imposes a severe downward pressure on the deck or 
on the platform. 

To obviate these disadvantages I have contrived the gun- 
carriage a model of which is before you on the table, and a 
diagram of which on the wall illustrates the internal construction. 
The gun is mounted on a carriage composed of two hydraulic 
cylinders, united so as to form one piece. The carriage slides 
on a pair of hollow ways, and also on to a pair of fixed rams, the 
rear ends of which are attached to the piece forming the rear of 
the mounting. There are water passages down the axes of the 
rams, and these communicate through an automatic recoil-valve, 
opening from the cylinders, with the two hollow slides. There 
is a second communication between the cylinders and slideseby 
means of a cock, which canbe opened or shut at pleasure. The 
hollow slides are packed full of cork and water, the latter also 
completely filling the cylinders, rams, and various connecting 
passages. re 

By means of a small force-pump enough water can be injected 
to give the cork so much initial compression as will suffice to 
run the gun out when the slides are inclined under any angle 
which may be found convenient. 
When the gunis fired, the cylinders are driven on to the rams, 

and the water in the cylinders is forced through the hollow rams 
into the cork and water vessels formed by the slides, and the 
cork is compressed still farther. When the recoil is over, the 
automatic recoil-valve closes, and the gun remains in its rearward 
position ready for loading. 

As soon as loaded, the running-out cock is opened, the ex- 
pansion of the cork drives the water from around it into the 
cylinders, and so forces the gun out. ‘ : 

If it be desired to let the gun run out automatically imme- 
diately after recoil, itis only necessary to leave the running-out 
cock open, and then the water forced among the cork by recoil 
returns instantly to the cylinders, and runs the gun out quicker 
than the eye can follow the motion. 

I will now load the model and fire a shot into this strong steel 
cylinder, at the bottom of which is a thick layer of soft wood. 
I will close the running-out valve, so that the gun shall remain 
in the recoiled position. 
some of his electric fuses specially to fit this minute ordnance, 
and I can fire the gun by means of a small electro-magnetic 
battery. The gun has now recoiled, and remains in its rear 
position. I load again, open the running-out cock, the gun runs 
out, and I fire without closing the cock. You see the gun has 
recoiled and run out instantly again. 4 é 

The arrangement I have adopted may be made by using air 

Sir Frederick Abel has kindly arranged 
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instead of cork, but air is a troublesome substance to deal with ; 
it leaks out very easily, and without showing any signs of having 
done so, which might readily lead to serious consequences. A 
special pump is required to make up loss by leakage. 

The merit of cork is its extreme simplicity and trustworthiness. 
By mixing a certain proportion of glycerine with the water it 
will not freeze in any ordinary cold weather. 

NOTE ON THE RUDIMENTARY GILLS, ETC, 
OF THE COMMON LIMPET (PATELLA 
VULGATA) 

See: in his admirable paper ‘‘ Die Geruchsorgane und 
das Nervensystem der Mollusken” (Zeitschrift fi wiss. 

Zool. xxxv.), figures a transverse section of one of the rudi- 
mentary gills and its surroundings. This appears to be in- 
correct in one or two particulars. In the first place the gill is 
figured as projecting freely at the surface. The examination of 
numerous sections has, however, convinced me that the epi- 
thelium is continued over the gill, being very high where con- 
tinuous with the olfactory epithelium over the ganglion, but 
gradually getting lower, and passing into the ordinary epi- 
thelium, which lines the nuchal chamber. Consequently the 
rudimentary gill is dezeath the surface, and moreover the sensory 
tract is partly extended over it, not being confined to the region 
immediately superjacent to the olfactory ganglion. Cunningham 
(Q.F.42.S., xxii.), calls attention to the true relations of the gill, 
but gives no figure. 

Spengel also represents the rudimentary gill as being full of 
large blood-sinuses, but carefully-prepared specimens show that 
these are in reality traversed by numerous fine strands of con- 
nective-tissue. The entire organ is made up of trabecule of 

R.G. 

Transverse Section of Rudimentary Gill, &c., of Patedia vulgata (X 92). 
R.G. Rudimentary gill ; 0.£. olfactory epithelium ; 0.c. olfactory ganglion. 

connective-tissue, amongst which connective-tissue corpuscles 
-abound. In some of the lacunz masses of blood-corpuscles 
may be found. 

Several small nerves run from the olfactory ganglion to the 
olfactory epithelium, and in some specimens nerve-fibres can 
almost be traced into the sense-cells. Gibson (‘‘ Anatomy of 
Patella vulegata,” Trans. R.S.E., xxxii.) has been unable to detect 
an olfactory ganglion. This is, however, very evident in micro- 
scopic sections. 
_Ihave used the term ‘‘rudimentary gills,” for there seems 

little doubt that the structures in question are, as Spengel adyo- 
cates, of this nature, but, lying as they do beneath the surface, 
they can hardly be functional. This position, too, suggests that 
these organs must have been rudimentary for a very long time. 
As Patella (Palacmzea) occurs in the fossil state as far back as 
the Middle Cambrian (Sedg.), the pallial gills may have been 
developed for a considerable period. 

If, as Spengel believes, the molluscan olfactory organ enables 
the animals of that group to perceive the quality of the water 
passing over the gills, it is difficult to understand its well-deve- 
loped state in Patella, where its position would appear to prevent 
such a use. Hence the olfactory organ in this form probably 
has some other function —possibly it may have something to do 
with the locality-sense, though this is very improbable (see note 
by author on ‘* The Habits of the Limpet,” NATURE, vol. xxxi. 
p. 200). The preceding observations were made at the Scottish 
Marine Station. J. R. Atyswortu Davis 

University College, Aberystwyth 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

CAMBRIDGE.—At the annual Scholarship election at St. 
John’s College the following awards were made to students of 
Mathematics and Natural Science :—Hutchinson Studentship 
of 607. a year for two years to A. C. Seward (First Class Nat. 
Sciences Tripos, Part II.), to enable him to follow up his 
researches in Fossil Botany ; Hockin Prize for Physics with 
especial reference to Electricity, to Stroud (First Class Nat. 
Sciences Tripos, Part II.) ; Herschel Prize for Astronomy to 
Fletcher (Second Wrangler) ; Hughes Prizes for Mathematics to 
Fletcher, and for Natural Science to Rolleston (First Class 
Nat. Sciences Tripos, Part II.) ; Wright’s Prizes for Mathe- 
matics to Baker and Orr, for Natural Science to Lake and 
Groom ; Foundation Scholarships in Mathematics to Middle- 
mast, Pressland, Tate, Bradford, Flux, and in Natural Science 
to Lake and W. Harris ; extension of tenure of Scholarships to 
Kirby, Mossop, Bushe-Fox, and Baker in Mathematics, and to 
Shore and Turpin in Natural Science ; Exhibitions in Mathe- 
matics to Hill, Fletcher, A. E. Foster, Norris, Varley, H. H. 
Harris, Orr, Greenidge, Flux, Card, Palmer, Millard, and in 
Natural Science to Lake, Groom, Rolleston, Seward, W. 
Harris ; a Proper Sizarship in Natural Science to Cowell. 

The following gentlemen have obtained first-class honours in 
the Natural Sciences Tripos, Part II., the subject for which they 
were specially classed being given after the name :—Carnegie, 
Chemistry, Caius; Edkins, Physiology, Caius; Hawkridge, 
Geology, Clare; Hudson, Physics, Pembroke ; F. W. Oliver, 
Botany, Trinity ; Rolleston, Human Anatomy with Physiology, 
St. John’s ; Seward, Geology, St. John’s ; Skinner, Chemistry, 
Christ’s ; Stroud, Physics, St. John’s. Miss Freund, of Girton, 
was placed in the first class for Chemistry. 

Messrs. Dixon, of Trinity College, and Fletcher, of St. 
John’s, are respectively Senior and Second Wranglers. Both 
were educated at New Kingswood School, Bath, under Mr, T. 
G. Osborn. Miss Frost, of Newnham College, was placed 
between the 24th and 25th Wranglers. 

In a recent discussion Prof. Stuart stated that 58 students 
attended the engineering courses and workshops in the Lent 
Term. Of these 32 were to be engineers ; 7 were to engage in 
manufactures in which a knowledge of engineering was desir- 
able ; 3 were going into the army ; 2 were to become teachers. 
As to their University position, 9 were M.A, or B,A., 21 were 
ready for the Mathematical ‘Tripos, 2 for the Natural Sciences 
Tripos, 18 for the Special Examinations in Applied Science; 6 
had only come to the University for a year’s work in the work- 
shops ; 5 were not matriculated students. 

Dr. ORME Masson, a graduate of Edinburgh University, 
and lately Elective Fellow in Chemistry, has been appointed to 
the Chair of Chemistry at Melbourne, Australia. 

SCIENTIFIC SERIALS 

Bulletins de la Société d’ Anthropologie de Paris, tome ix., 
fasc. I, 1886.—The present number gives the usual annual re- 
capitulation of the rules of the Society, the lists of members, 
addresses by the outgoing and incoming presidents, financial 
and other reports, &c.—M. Moncelon laid before the Society a 
vésumé of the principal results of his observations on the half- 
castes of New Caledonia during his residence in the colony. 
He drew attention to the evils resulting from the practice com- 
monly followed by the native mothers of half-castes, of going 
back with their children to their native tribes, amongst whom 
these half-whites grow up in slavery as savages.—On certain 
Hova and Sakalava skulls, by M. Trucy. Both of these cranial 
groups are dolichocephalic, with an index of about 74, which 
is nearly the same as that of the Arabs of Algiers and the 
pariahs of Bengal. The Hoyas and Sakalavas appear to be more 
intelligent than any other tribes of Madagascar, but while the 
Sakalava queen, the ally of France, submitted with her husband 
to be made the subject of careful anthropometrical observations, 
she enjoined upon the French officers to punish with death any 
one who opened or rifled a grave. It was consequently only by 
artifice and extreme circumspection that M. Trucy was able to 
obtain crania or other human bones. In the discussion which 
followed, regarding the mixed characters of the Hova crania, 
MM. Topinard, Dally, and others entered warmly into the 
question of typical and other distinctions of race.—On the de- 
velopment, in the adult, of supernumerary digits, by M. Fauvelle 
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This paper, which supplies some suggestive and not uninteresting 
matter, is based upon observations on the abnormal development 
in a full-grown axolotl of a fifth digit at the base of the fourth, 
and the gradual reparation, by multiplication of the parts, of 
varicus injuries to the other phalanges. Dr. Fauvelle considers 
at length the conditions on which the formation of supplementary 
parts in the adult may possibly depend, and whether we may not 
refer such abnormal manifestations of activity to a reversion in 
the cells of the connective-tissues to an embryonic condition, in 
which segmentation is possible. M. Avia, in confirming the 
views of Dr. Fauvelle as to the influence of heredity in the 
human species on the appearance of supernumerary organs, 
instanced the family of the Fodli, which for several centuries 
had exercised patriarchal supremacy over a tribe’ of the Arab 
Hyamites. In this family, whose members are not allowed to 
marry beyond the limits of their own kindred, polydactylism 
has become an established hereditary character, and is con- 
sidered as an indispensable evidence of legitimacy, and right of 
succession. M. Aviahas personally examined various Fodli, all 
of whom had twenty-four phalanges on their hands and feet.— | 
On heredity, by Dr. Fauvelle. In this, as in the preceding 
paper, the author draws attention to the injury done to scientific 
inquiry by the constantly increasing recklessness with which 
physiological and anatomical conditions, whose causes we are 
ignorant of, are indiscriminately referred to so-called ‘‘ atavism.”’ 
It must be confessed, however, that the author himself in his 
exposition of the significance of the phenomena of heredity, 
as given in this paper, and in his more recent communication to 
the Society of his views regarding the real or assumed existence 
of atavism, exhibits the same want of accuracy and close 
definition which he condemns in others, and the vagueness of 
the opinions which he has enunciated with such dogmatic 
temerity excited a lively controversy, in which MM. Laborde and 
Sanson, and Mme. Cl. Royer, with other members, took part. 
—On primitive forms of numerations, by M. Letourneau. In 
this paper, and in the discussion which followed its reading, 
attention was drawn to the development, among some peoples, 
of a decimal system of numeration from the natural counting of 
the fingers, while according to Bachofen and others, the 
decimal method was preceded, in those earlier periods of civili- 
sation in which the matriarchal principle was still in force, by 
the octoma/ system. Curious evidence of the prevalence of this 
practice of counting by 8 is afforded in Sanskrit, and in Greek | 
and Latin, as well as in several modern European forms of 
speech, by the close affinity, if not identity, of the words signi- 
fying nine and new, as, ¢.g., the French ‘‘neuf,” thus showing 
that the numeral following eight was of more recent acceptation 
than the final term of the octomal form of numeration. 

Bulletin de V Académie des Sciences de St. Pétersbourg, vol. xxi. 
No. 1.—List of the members of the Academy on March 1, 1886. 
—Diagnoses of new plants from Asia, by C. J. Maximowicz, 
part 6 (Latin), containing a good many new species.—Report 
on new linguistic materials contained in the “Codex Comanicus,” 
by Prof. Radloff (German). 

SOCIETIES AND ACADEMIES 

LONDON 

Royal Society, June 1o.—‘‘A Minute Analysis (experi- 
mental) of the various Movements produced by stimulating in 
the Monkey different Regions of the Cortical Centre for the 
Upper Limb, as defined by Prof. Ferrier.” By Charles E. 
Beevor, M.D., M.R.C.P., and Prof. Victor Horsley, F.R.S., 
Bis, BRiC.S. 

The following investigation was undertaken as prefatory to a 
research into motor localisation of the spinal cord. 
Anatomy.—(1) Attention is drawn to some minute details of 

the topographical anatomy of the upper limb centres as defined 
by Prof. Ferrier. 

(2) Outlines of the shape and arrangement of the fissure of 
Rolando, the praecentral and intra-parietal sulci. 

(3) Proof adduced in support of the authors’ opinion that the 
small horizontal sulcus named X by Prof. Schafer really corre- 
sponds to the superior frontal sulcus of man. 

Previous Researches.—Fervier’s results are then given in full. 
Method of Experimentation is explained in detail, as also the 

mode of subdivision of the part of the cortex investigated into 
centres of about 2 mm. square. 

From the results of excitation are then deduced the two 
following axioms :— 

| while those for the smaller and more differentiated movements 

| Mooney was announced.—Mr. C. H. Read read a paper on the 

| sent from the Dominion of Canada, where there is such a vast 
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Axiom J.—Viewing as a whole the motor area of the central 
cortex for the upper limb,-as defined by Prof. Ferrier, we find 
that the regions for the action of the larger jeints are situated 
at the upper part of the area, z.e. closer to the middle line, 

lie peripherally at the lower part of the area. 
Axiom [7,—As a broad result, extension of the joints is the 

most characteristic movement of the upper part of Ferrier’s 
arm centre ; while flexion is equally characteristic of the move- | 
ments obtained by stimulating the lower part. Finally, be- 
tween these two regions there is a small portion where flexion 
and extension alternately predominate, a condition to which we 
have given the name of confusion. (Here both flexors and 
extensors are contracting at the same time, and consequently the 
joint is usually fixed in a neutral position, each group of 
muscles alternately drawing it in opposite directions.) 

Priority of Movements is found to take place, and follows the 
“march”? first indicated by Dr. Hughlings Jackson as existing 
in epileptic seizures. 

This march is in accordance with Axiom I,, since the 
shoulder commences the series of movements in the uppermost 
part of the area, the thumb at the lowest part, and the wrist in 
the intermediate part. 
Summary.—(1) That X is the superior frontal sulcus of man. 
(2) That the movements of the joints are progressively repre- 

sented in the cortex from above down. 
(3) Localisation of sequence of movements. 
(4) Localisation of quality of movements. 
(5) That there is no absolute line of demarcation between the 

different centres. 

Mathematical Society, June 10.—J. W.L. Glaisher, F.R.S., 
President, in the chair.—At a special meeting the following 
resolution was unanimously carried :—‘‘ That the Council be 
empowered to take the necessary steps to obtain a charter of 
incorporation for the Society.” —At the ordinary meeting Messrs. 
A. R. Forsyth, F.R.S., R. Lachlan, and the Rev. J. J. Milne 
were admitted into the Society. —The following communications 
were made :—Reciprocation in statics, by Prof. Genese.—On 
the theory of screws in elliptic space (third note), by A. 
Buchheim.—Some applications of Weierstrass’s elliptic functions, 
by Prof. Greenhill.—Formula for the interchange of the inde- 
pendent and dependent variables with some applications to 
reciprocants, by C. Leudesdorf (second paper on reciprocants), — 
by L. J. Rogers.—On the motion of a liquid ellipsoid under the 
influence of its own attraction, by A. B. Basset.—Electrical 
oscillations on cylindrical conductors, by Prof. J. J. Thomson, 
EARss: 

Chemical Society, May 20.—Dr. Hugo Miiller, F.R.S., 
President, in the chair.—The following papers were read :— 
Sources of error in the calorimetric study of salts, by Prof. W. 
A. Tilden, F.R.S.—On the action of aldehydes and ammonia 
on benzil, by Francis R. Japp, F.R.S., and W. Palmer Wynne, 
B.Sc.—On imabenzil, by the same.—On ammonia-derivatives of 
benzoin, by Francis R. Japp, F.R.S., and W. H. Wilson, 
'h.D.—On compounds from benzil and benzoin and alcohols, 
by Francis R. Japp, F.R.S., and Julius Raschen.—On the 
action of phosphoric sulphide on benzophenone, by the same. — 
The separation and estimation of zirconium by means of hydro- 
gen peroxide, by G. H. Bailey, D.Sc., Ph.D.—An apparatus 
for the determination of the temperature of decomposition of 
salts, by the same.—The retention of Jead salts by filter-paper, 
by L. Trant O’Shea. ‘ 

June 3.—Dr. Hugo Miiller, F.R.S., President, in the chair. — 
The following papers were read :—Notes on Sir W. Fairbairn’s 
experiments on re-melting cast iron, by Thomas Turner, Assoc. 
R.S.M.—Some ammonium compounds and other derivatives of 
a-t’ hydroxyquinoline, by C. A. Kohn, B.Sc., Ph.D.—8-sul- 
phophthalic acid, by Prof C. Graebe and A. Rée, Ph.D.— 
Compounds obtained by the aid of 8-sulphophthalic acid, by the 
same. —Derivatives of taurine (part 2), by J. William James. 

Anthropological Institute, June 8.—Mr. Francis Galton, 
F.R.S., President, in the chair.—The election of Mr. Joseph J. 

ethnological exhibits in the Colonial and Indian Exhibition, in 
which he reviewed briefly the collections to be seen in the 
various courts, ane described in detail some of the objects. The 
author dwelt especially upon the meagreness of the collection 
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field for ethnological inquiry.—Miss Buckland read a paper on 
American shell-work and its affinities, in which it was pointed 
out that the resemblance in shell ornaments found in mounds in 
various States of North America to those existing in the Solod 
mon and Admiralty Islands renders it highly probable that a 
commerce was carried on between the islands of the Pacific an- 
the American continent prior to the Spanish conquest.—A paper 
by Mr. C. W. Rosset, on the Maldive Islands, was read. The 
group contains upwards of 12,000 islands, which lie in clusters 
called atolls, of which there are more than twenty. The king’s 
or sultan’s island is situated in Male Atoll, and here Mr. Rosset 
spent seventy days, as the sultan would not allow him to visit 
the other atolls. The natives live almost entirely upon fish and 
rice ; and as the islands are not capable of producing grain of 
any kind, the rice has to be imported from India, the nearest 
point of which is about 350 miles distant. The author gave an 
interesting description of the customs of the natives, and ex- 
hibited a large collection of photographs, dresses, and other 
objects of ethnological interest. 

Royal Meteorological Society, June 16.—Mr. W. Ellis, 
F.R.A.S., President, in the chair.—The Rev. J. R. Boyle and 
Mr. H. B. de la Poer Wall, M.A., were elected Fellows of the 
Society. —The following papers were read :—Note on a sudden 
squall, January 13, 1886, by Mr. R. H. Scott, F.R.S. This 
is an account of a remarkably sudden squall of about ten 
minutes’ duration, which passed over the south of England on 
the morning of January 13. It was first recorded at Falmouth 
at 8.20 a.m., and passed over London at 10.40 a.m.—The 
floods of May 1886, by Mr. F. Gaster, F.R.Met.Soc., and Mr. 
W. Marriott, F.R.Met.Soc. The month of May 1886 will 
long be remembered for the heavy rains that occurred between 
the 11th and 13th, and the floods they produced over the greater 
part of the west and midland counties of England. In fact, at 
Worcester the flood was higher than any that have occurred 
there since 1770. On the 11th and r2th heavy rain fell over 
the east of England, there being over 3 inches during these two 
days at several places in counties Down, Dublin, and Wexford ; 
the greatest reported being 3°52 inches at Kilkeel, co. Down. 
Over the other parts of the United Kingdom the rainfall on the 
Iith was under 1 inch. Rain, however, commenced falling 
about noon on Tuesday over the midland counties, and con- 
tinued with increasing intensity till Friday morning ; the dura- 
tion at most places being about sixty hours. The heaviest 
rainfall occurred in Shropshire, where over 6 inches fell at 
several stations ; while at Burwarton as much as 7‘09 inches 
was recorded, the amounts for each day being 0°60 inches on 
the rrth, 3°10 inches on the 12th, and 3°39 inches on the 13th 
Very serious floods followed these heavy rains. At Shrewsbury 
the extreme height of the flood on the Severn was 16 feet, and 
at Worcester 17 feet 1 inch, above the average summer level. 
At Ross the flood on the Wye was 14 feet ; at Nottingham the 
rise of the water in the Trent was 121 feet ; at Rotherham the 
flood was 8 feet 5 inches; and in North-East Yorkshire the 
Derwent rose to nearly 11 feet above summer level. These 
fluods caused great damage to property and loss of life:; 
bridges were washed away; railway traffic suspended; and 
thousands of workmen thrown idle. In several places 
the waterworks were flooded, and the towns’ water-supply was 
consequently cut off. Mr. Gaster drew attention to the complex 
character of pressure-distribution during the time referred to, 
and showed how the region of maximum rainfall followed cer- 
tain of the shaliow depressions which appeared over the British 
Islands. He drew attention to the peculiarities of this type of 
depression, showing how in many, if not in most, cases the rain- 
fall was heaviest in their rear, and was brought by the easterly, 
not by the westerly, wind. He also referred to some previous 
instances of heavy floods, in which similar atmospheric condi- 
tions prevailed, and explained how it was that, as the disturb- 
ance passed off, snow fell instead of rain, this in its turn being 
followed by severe cold and in some places frost.—On atmo. 
spheric pressure and its effect on the tidal wave, by Capt. W. N. 
Greenwood, F.R.Met.Soc. The object of this paper is to show 
how a little knowledge of weather-forecasting, with some 
practical knowledge of local weather changes and a ‘good baro- 
meter, will go far towards forming a right correction for applica- 
tion to the predicted height of the tide, and also to determine 
what that correction should be in its relation to the fluctuations 
of the barometer and the prevailing gradient.—Meteorological 
results at Levuka and Suva, 1875-85, with notes on the climate 
of Fiji, by Mr. J. D, W. Vaughan, F.R.Met.Soc. The climate 

Diseases such as fevers of an 
aggravated and malarious character, cholera, and liver com- 
plaints are unknown. 

EDINBURGH 

Royal Society, June 7.—The Hon, Lord Maclaren, Vice- 
President, in the chair.—Dr. H. R. Mill and Mr. J. T. Mori- 
son, of the Scottish Marine Station, read a paper on tidal 
variations of salinity and temperature in the estuary of the Forth. 
They divide a river-system into four parts : (1) the 7¢2ver proper 
with its tributaries and feeding-lakes, in the whole of which the 
water is fresh ; (2) the es¢zarvy, in which the river-water meets 
that of the firth or sea, and in which there is rapid change of 
salinity with position and great tidal differences ; (3) the firth or 

_ sea-inlet, in which there is a very uniform and gradual increase 
of salinity from estuary to sea ; (4) the sea proper adjacent to the 
mouth of the firth. It was shown that the temperature of the 
river in spring and summer being higher than that of the firth, 
and in consequence surface-water being warmer as well as 
fresher than bottom-water, the curves representing vertical 
distribution of salinity and of temperature were identical. 
Hence the interaction of river and firth waters can be studied 
as completely by the thermometer as by the hydrometer. In 
the estuary of the Forth translational motion of the whole mass 
of water is found to characterise both flood and ebb tide, 
but about the times of high and low water considerable shearing 
motion takes place. So long as no shearing occurs, the water is of 
nearly uniform salinity from surface to bottom at any given time. 
—Mr. J. J. Barlow communicated a paper on a new method and 
reagents for detecting chlorides, bromides, and iodides in the 
presence of each other, and also in the presence of nitrates and 
chlorates.—Mr. J. A. Thomson gave a paper on the anatomy of 
Suberites domuncula, and also, in conjunction with Mr. P. 
Geddes, a paper on the history and theory of spermatogenesis. — 
Dr, J. Waddell gave an account of experiments by which he 
has determined the atomic weight of tungsten. The methods 
he used are superior to those previously employed.—Mr. A. H. 
Auglin discussed certain theorems mainly connected with 
alternants. 

Paris 

Academy of Sciences, June 15.—M. Jurien de la Gravieére, 
President, in the chair.—On the earthquake which occurred in 
Brazil on May 9, extract from a letter of H.M. dom Pedro 
d’Alcantara. This disturbance, the first on record, took place 
in the Petropolis district on May 9 at 3.20 p.m. The vibration, 
which was of a mild character, lasted scarcely four seconds, and 
was also felt along the coast as far as Rio de Janeiro, and inland 
266 kilometres from that point. It was accompanied by excep- 
tional cold weather, the glass falling to — 5° C. in some parts of 
the province of Minas Geraes, and — 3° in other places.—On 
the absorption spectra of oxygen, by M. J. Janssen. In con- 
tinuation of his studies on the absorption spectra of the gases, 
the author deals here with those of oxygen, which reveals some 
features of great interest for molecular mechanics.s—Remarks on 
the decomposition of the sal ammoniacs by the bases and metallic 
oxides, by M. Berthelot.—On the ammonia present in the ground 
(third note), by M. Th. Schleesing, in reply to MM. Berthelot 
and André. The question is discussed whether the quantity of 
ammonia present in vegetable soil is, as a rule, comprised 
between 0 mg. and 20 mg., as determined by the author, M. 
Boussingault, and other analysts, or whether this quantity ranges 
from 78 mg. to 118mg., as determined by MM. Berthelot and 
André. It is pointed out that the difference between the two 
views is a question of quantity ; and as the quantity depends on 
the process of analysis by which it is determined, it ultimately 
resolves itself into a question of analytical processes. —Lavoisier 
and the Commission on Weights and Measures, by M. E. 
Grimaux. Some unpublished documents are printed, showing 
the action taken by the Commission on behalf of Lavoisier, at 
that time under arrest as a farmer-general. From one of these 
documents it appears that, in consequence of said action, 
the illustrious names of Laplace, Delambre, Borda, and 
others, were themselves removed from the Commission on the 
3rd Nivose of the second year of the Republic (December 26, 
1793).—Observations on Fabry’s comet, by M. L. Cruls. The 
spectral ana'ysis made at Rio de Janeiro during the month of 
May with a spectroscope of slight dispersive power showed dis- 
tinctly the three bands characteristic of carbon compounds.— 
Comparative dimensions of the satellites of Jupiter, deduced 
from observations made during the year 1885, by Dom Lamey- 
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For the four satellites these observations yielded for the vertical 
diameters at mean distance the following angular dimensions :— 

era + __ 19076) =E 03360) 
Me B53 «. 1°281 + 0°392 

III. 1°725 + 0°436 
IV. 1°286 + 0°447 

—Note on the herpolhodie (second communication), by M. 
Hess.—On the measurement of the specific volume of the 
saturated vapours, and on the value of the mechanical equiva- 
lent of heat, by M. A. Perot. Reversing the well-known pro- 
cess of Messrs. Fairbairn and Tait for determining the volume 
of a known mass of saturated vapour at a given temperature, 
the author finds the number expressing the mechanical equiva- 
lent of heat to be about 424.—Note on a registering hygrometer, 
by M. Alb. Nodon. This instrument, which is constructed on 
a principle analogous to that of Breguet’s metallic thermometer, 
is contrived to work for ten consecutive days. Its indications 
are unaffected by a temperature ranging from 10° to 35° C.—Law 
determining the electric conductivity of saline solutions of mean 
concentration, by M. E. Bouty.—Relation between the coefficient 
of self-induction and the magnetic action of an electro-magnet, 
by M. Ledeboer.—New magnetic maps of France, by M. Th. 
Moureaux. The observations, which have served as the ground- 
work of these charts, were mostly made during the years 1884 
and 1885 under the direction of M. Mascart, at seventy-eight 
stations in every part of France, the results being all referred to 
January 1, 1885, by comparison with the curves of variation as 
determined with the magnetograph at the Observatory of the 
Pare Saint-Maur. From these observations the declination is 
shown to be least at Belfort (13° 59'°8), greatest at Conquet 
(19° 25/"1), varying in the north of France about 30’ for a degree 
of longitude, and less in the south.—Summer isobars, winds, 
and cloudiness on the Atlantic, by M. L. Teisserenc de Bort. 
The maps embodying these data are based on the records of 
English and Dutch vessels, comprising 40,9co observations for 
each element, and on a report on the equatorial region pub- 

in Brazil, by M. Cruls. Although traces of ancient volcanoes 
and more recent eruptive formations have been detected on the 
seaboard of Rio de Janeiro, the author considers that this seismic 
disturbance was not volcanic, but due to shrinking or some analo- 
gous movement of frequent occurrence in the crust of the earth. 
—Reply to some objections made to the memoir on micro- 
seismic observations, by M. T. Bertellii—On the penta-sulphuret 
of phosphorus, by M. F. Isambert.—On the principle of 
equivalence in the phenomena of chemical equilibria, by M. H. 
Le Chatelier. The experimental law serving as the base of pure 
mechanics—two forces equal to a third are equal to each other, 
and reciprocally—is true also of chemical equilibria. But 
in order to eliminate the equivocal notion of force, the 
author substitutes for it another thus formulated: in every 
phenomenon of equilibrium two material systems  equi- 
valent in relation to a third will also remain equivalent 
in relation to any other system to which they may be opposed, 
and they are in mutual equilibrium when opposed to each other. 
This law is here verified in the case of vaporisation, dissociation, 
solubility, and under other conditions.—On monosodic ortho- 
phosphate and arseniate, by MM. A. Joly and H. Dufet.—On 
a combination of methylic alcohol and anhydrous baryta, by M. 
de Forcrand.—On the monochloracetate of butyl, by M. G. 
Gehring. In order to complete the series of monochloracetates, 
the author has prepared, and determined some of the physical 
properties of, this substance, adopting the same general method 
as that employed in the preparation of the menochloracetate of 
methyl.—On the development of the cesophagus, by M. P. de 
Meuron.—On the vascular system of Dovocidaris papillata, by 
M. H. Prouho.—On the crystals of gypsum in the pseudo- 
potters’ clays of the Paris district, by M. Stan. Meunier.—Pre- 
liminary note on the geological structure of the Lure range, 
Lower Alps, by M. W. Kilian. This range, which runs for 
50 kilometres from the neighbourhood of Vilhosc to Monbrun 
(Vaucluse), appears to be intermediate between the Alpine and 
Pyrenean systems. A summary is given of its geological con- 
stituents, ranging from the Middle and Upper “Jurassic to the 
Tertiary conglomerates and marls.—On the male fertilisations 
of Arthropitus and Bornia, by M. Renault.—A contribution to 
the sragy of pre-foliation and pre-efflorescence in fossil plants, 
by M. L. Crié.—Kemarks on a meteor observed at the Troca- 
déro on June 13, by M. L. Jaubert. 

STOCKHOLM 

Academy of Sciences, June 9.—On the Academy’s Zoo- 
logical Station in the province of Bohus, by Prof. Sven Loven. 
—On the resistance of mixtures of acids against electrical con- 
ductibility, by Dr. S. Arrhenius. —A collection of ethnographical 
objects of Central American Indians, presented to the National 
Museum by the Swedish Consul- General in Guatemala, Mr. 
S. Ascoli, exhibited and explained by Prof. F. A. Smith. 
—On the new elementary body germanium, and some of its 
combinations, by Prof, L. Fr. Nilsson. The researches of 
Profs. Nilsson and Petterson, made at the request of Prof. 
Winkler, the discoverer of germanium, show that his suggestion 
that germanium might possibly be identical with Mendelejeff’s 
ekasilicium is quite correct, and in accordance with the true 
facts.—Methods for the determination of elements of refraction 
in prisms having great refracting angles, by Mr. W. Ramsay.— 
On the mode of occurrence of the sand-worn stones in the Cam- 
brian strata at Lugnds, in Sweden, by Prof. A. G. Nathorst. 
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THURSDAY, JULY 1, 1886 

KEPLER’S CORRESPONDENCE WITH 
HERWART VON HOHENBURG 

Ungedruckte wissenschaftliche Correspondenz zwischen 

Tohann Kepler und Herwart von Hohenburg, 1599. 
Erganzung zu: Kepleri Opera Omnia, ed. Chr. Frisch. 

Nach den MSS. zu Miinchen und Pulkowa edirt von 
C. Anschiitz. (Prag: Victor Dietz, 1886.) 

ERWART VON HOHENBURG was a highly 

stimulating correspondent. His scientific curiosity 
was insatiable ; his official duties as Bavarian Chancellor 

precluded personal research ; and he accordingly deputed 
to the busy brain of Kepler the working out of problems 
which engaged his scanty leisure, while baffling his 

The pressure of his demands was, indeed, so 
severe that Kepler at times bewailed himself in con- 
fidential quarters over the grinding labours they imposed 
upon him : but he could ill afford to quarrel with a patron 
who was as generous as he was inquisitive ; and he thus 

continued to evolve for his benefit the stores of curious 
learning and adventurous theory of which some consider- 
able specimens have lately been unearthed, and are now 
presented to the public. 

The correspondence took its origin from the publica- 
tion, in 1596, of the “ Mysterium Cosmographicum,” by 

which Herwart’s admiring attention was drawn to the 

speculative young “ mathematicus” of the Styrian States; 

and continued from October 1597 to December 1600. | 

There was, however, a gap in its records. Three letters, 

known to have been written by Kepler to Herwart in the | 

year 1599, were not forthcoming. Dr. Frisch, the late 

indefatigable editor of Kepler’s ‘‘ Opera Omnia,” gave up 
the search as hopeless ; and the detection of the latitant 
documents became possible only with the correction, in a 

the Munich State Library, of an error in the old printed 

one,—an example, were such needed, of the uses to 
historical research of the least inviting bibliothecarian 

drudgery. The opportunity for discovery was promptly 

turned to account by M. Carl Anschiitz, the editor of the 
present brochure ; who deserves the acknowledgments of 
every one interested in scrutinising the workings of a 
most singularly and brilliantly constituted mind, not alone 

for the: zeal of his inquiries, but also for the elaborate 
care with which he has set forth their results, rendering 

intelligible by copious annotations what must otherwise 

have remained, to the vast majority of readers, hopelessly 
obscure. 

The truth chiefly emphasised by a perusal of these 
remarkable letters is that of the inextricable entanglement 
of Kepler’s mystical with his scientific views. Many men 
have speculated wildly while investigating acutely ; Kepler 
alone, perhaps, investigated acutely decawse he speculated 
wildly. His visions of abstract beauty and order in a 

neatly fenced and finished universe warmed his fancy, 

and inspired and lightened labours which would otherwise 
have been insupportable. His discoveries were the fruit 
of his illusions, because his illusions were faithfully and 

unwearyingly confronted with the realities of nature. He 
VOL. XXxIv.— No. 870 

was a.dreamer; but he was not content to leave his 

dreams undisturbed by facts. Hence his superiority— 

” ? ’ , ‘ b ed + eEoxos ’Apyeiwy ketbadny Te Kal evpeas @jLovs— 

to the common run of Pythagorean enthusiasts, and hence 
his great name in scientific history. 

The topics discussed in the present correspondence 

forcibly illustrate the compound nature of his mind, no 

less visionary in its instincts than positive in its methods. 
They include the theory of eclipses, the vatzonale of 

planetary influences, the harmonic relations of planetary 

velocities, the date of the birth and the horoscope of 
Augustus, the nature of terrestrial magnetisn, and the 

position, actual and primitive, of the north magnetic 

pole. The first of the three letters is dated from Gratz, 
April 9 and 10, 1599. It opens with a pompous eulogium 

on Tycho Brahe. “Taceant omnes, et Tychoni Brahe 

Dani auscultent.” Nor does it detract, we are told, from 
his merits to have taken a wrong theoretical turn. His 

hostility to the motion of the earth nowise impairs the 
excellence of his observations and instruments. Each 

astronomer is free to embrace, without discredit to his 

skill and erudition, whatever “religion of movement ” 

seems best to himself. ‘Sed ad rem.” 
Tycho, deceived no doubt by reports of coronal splen- 

dours (he had never himself witnessed the phenomenon), 
had denied the possibility of a total solar eclipse, the 
moon suffering, he alleged, a diminution of one-fifth of its 
apparent diameter when projected on the sun. Kepler, 
while unconvinced of the fact, was at no loss for an ex- 

planation. A dense lunar atmosphere, powerfully reflective 

of the sun’s rays, while partially permeable by them, was 

invoked by him to augment the seeming dimensions of 

the full moon, and throw a kind of subdued glory round 
the eclipsed sun. The perplexity started by Tycho was 

not, however, so easily allayed. !t kept cropping up at 
intervals ; and led eventually both to Kepler’s optical 

researches, and to what we may call his discovery of the 

new printed catalogue of the manuscript collections in | corona, as an actual fact to be reckoned with by science. 

The eclipse observed by Clavius at Rome in 1567 he 
showed to have been unquestionably total; the sun was 

fully coverea by the moon; yet an unlooked-for radiance 

survived (“ Op. Omnia,” t. il. p. 318). He accounted for 

it by the illumination of an “ethereal substance” in the 

solar neighbourhood, “not altogether nothing, but pos- 

sessing some measure of density”; nor have we yet got 
much beyond the approximate ratification of his con- 

jecture. 

Later in life Kepler formally laid down his arms before 
the lunar theory, after spending enormous labour on the 

effort to bring it into conformity with his Laws. But here, 
in these long-missing letters, he unexpectedly emerges 

as the discoverer of the moon’s annual equation. The 
fact seems to admit of no doubt; his words are explicit. 
The discrepancies between the observed and calculated 
times of eclipses compelled the correction. Had not 
Copernicus, he remarks, been occupied with greater 
things, he must have introduced the same “ annual in- 

equality ” depending upon the eccentricity of the earth’s 

orbit. ‘‘ What he neglected,” he adds, “I now do.” The 

chief merit of this important advance has usually been 

ascribed to Tycho. He had doubtless glimpses of its 
necessity, but omitted to follow them up. The earliest 

K 
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explicit declaration hitherto known in favour of intro- 
ducing such a correction was contained in a letter from 
Kepler to Bernegger of June 30, 1625 (“ Op. Omnia,” t. vi. 
p. 618). It now appears, not only that the conclusion 

was an entirely original one, but that he had arrived at it 

twenty-six years previously. M.Anschiitz promises some 
further elucidations of the point, which we await with 
interest. 

One of the most curious chapters in Kepler’s mental 
history is furnished by his attitude towards the astro- 

logical superstitions of his time. Herwart, as a good 
Catholic, had condemned them ; his correspondent made 
out a case in reply, His contention, it is true, was not 

on behalf of the vulgar charlatanry of the science. ‘This 
he admitted to be indefensible, save on the one poor plea 

of stringent necessity. Providence, as he wrote to 

Maestlin, which had denied to no animal the means of 
preserving its life, had assigned, for that end, astrology to 
the astronomer. He must draw horoscopes and publish 

prophesying calendars, or cease to exist. Thus only could 
he obtain means to pursue nobler studies. The people, 
while giving their money for the lies they loved, uncon- 
sciously promoted the truth they were indifferent to. It 
was an involuntary, but none the less efficacious, “ endow- 
ment of research.” 

So Kepler filled his empty pockets, and satisfied his 

conscience by professing incredulity in his own vaticina- 

tions. They proved, nevertheless, and, as it were, in 

his own despite, highly successful. Not a few of 

them stumbled felicitously into fulfilment. Some art, 

or luck, drew them, now and again, into conformity 
with the future. And since, as their author himself re- 

marked, the game is one in which the hits count, but the 
misses are forgotten (“Das Treffen behalt man, das 

Fehlen aber vergisst man”) his reputation as a seer rose 
high, and brought him in the best and only sure part of 
his income. 

There was, however, a recondite species of planetary 
influence believed in by Kepler as part of the eternal 
order of things. By the belief, indeed, his whole career 

of investigation was profoundly influenced; for the effort 
to justify it led him into a track of thought which finally 

conducted him to the Third Law. One of the chief 
points of interest in the present correspondence is that it 

discloses the time and manner of his entrance upon that 

track. “Lift up your ears to listen: Eureka!” he wrote 
to Maestlin, August 29, 1599 ; and to Herwart, August 6, 

he solemnly announced his invention of a “theorema 

jucundum,” in which was concentrated the whole secret 
of the music of the spheres. Already he gives the title 
(“de Harmonia Mundi”), and, to a certain extent, the 

plan, of the great work published twenty years later. It 
was conceived, as we now see with additional clearness, 

less under the influence of sober truth-seeking, than in 
the fervour of illusive speculation. Essentially, it was a 
piece of brilliant extravagance. That the harmonic law 
of periods and distances should have been found as a 
nugget amid such worthless, though shining debris, is 
one of the oddest facts in the history of science. 

The theory of planetary harmonies was struck out by 
Kepler as an adjunct to his peculiar theory of planetary 
aspects. It might in fact be called its dynamical counter- 
part. Geometrical relations of movement were substituted 

in it for geometrical relations of position. The velocities 
of the six planets were, he averred, so connected that, 

were there an inter-planetary medium capable of convey- 

ing audible vibrations, a celestial chord of the sixth and 
fourth would perpetually resound through space. The 

intellectual perception of potential harmonies sufficed, 
however, for the delectation of the rational creatures 

appointed to enjoy them ; while, similarly, the intellectual 
apprehension of “ aspects” affected, primarily, the sentient 
“soul of the world,” and, secondarily, through the varying 
moods thus impressed by the stars, the course of sublunary 
affairs. The third letter to Herwart is mainly filled with 
details of Kepler’s persevering efforts to complete and 
fortify the visionary analogy between astrological aspects 

and musical intervals. 
Yet even here, in this region of intangible speculation, 

his innate respect for facts did not desert him. What 
autobiographical details he left, we owe to his desire to 
compare his life as it was with what, astrologically, it 
ought to have been. And the first of the present letters 
contains a highly curious little bit of self-study, illustrative 
of the depressing effects of “Saturn in sextile with the Sun” 
at the hour of nativity. Here is Kepler described by 
himself, atat. twenty-seven. 

“ A body of no ample proportions, lean and scraggy; a 
mind unaspiring, that is to say, burying itself in literary — 
nooks and crannies, suspicious, timid, tending towards, 
and abiding in difficulties and knotty points ; manners to 
correspond. Sour and sharp flavours, the gnawing of a— 
bone, the devouring of dry bread, form my gustatory 
delights ; my keenest ambulatory joy is to traverse steep 
and rugged paths, to mount hills, to pierce my way across 
dense thorn-brakes. Pleasure in life other than in study 
I neither have nor desire; proffered, I reject. My 
fortune matches my tastes to a hair. Where others might 
abandon hope, I find access to achievement and fame. 
Yet not over spacious; for my advance is continually 
checked, and my circumstances change without mending, 
All my efforts have hitherto met with strenuous resist- 
ance. It may be that social sympathy will ever be 
denied me while I irritate mankind by advocating the 
movement of the earth, while 

“<tanti ponderis orbem 
Obnixa cervice cito per sidera lapsu : Meron ; é 5 
Incito, terricolttm contra nitente senatu. 

A. M. CLERKE 

UPLAND AND MEADOW 

Upland and Meadow, a Poaetguissings Chronicle. By 
Charles C. Abbott, M.D. (London: Sampson Low, — 

Marston, Searle, and Rivington, 1886.) 

‘THIS isa very pleasantly written book by an author 
who may be justly regarded as a kind of American 

Gilbert White. We may as well inform our readers at 

once that the district of which the natural history is 
herein chronicled is situated by a little stream which 
empties itself into the River Delaware, and that the 
name, which will appear to English readers somewhat 
difficult of pronunciation, is of Indian origin. There are 
fourteen chapters in the work, and an index which is to 
be strongly commended for its completeness. It is really 
a most important feature in a book of this kind to have a 

good index, and in insisting upon this necessity we ar 
intentionally paying a complimentary tribute to the 
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author, because there is a large amount of valuable 
observation which readers should have occasion to refer 

to after the first perusal of the work, but which would be 
lost without such an index, owing to the necessarily dis- 
jointed mode of treatment entailed by an adherence to 
seasonal records. We need only refer to the early editions 
of Kirby and Spence’s “ Introduction to Entomology” as 

an example of a work containing a large collection of 
facts.and observations rendered almost useless for want 
of an index. 

_ Dr. Abbott is evidently a close observer, and English 

naturalists will derive both pleasure and profit by a perusal 
of his chronicle. It is rather to be regretted that he has 
confined himself so much in the text to the local trivial 
names of the animals and plants of his district. It places 
English readers at a disadvantage, for example, to have 

to turn to the index each time a species is mentioned in 
order to find out what is referred to under such names as 

“grakles,” “quaker-girls,” “ quahog,’ or “scuttle-bug.” 
But this is, after all, a matter of small importance, 

because the scientific names will be found in the index, 

and the criticism is made only on behalf of that large 
circle of readers in the old country which the work ought 

to attract, and to which it appeals through its English 
publishers. 
The author's strong point appears to be ornithology, | 

| observations of the same person in the same locality 
tions are recorded in a pleasant, chatty style which is sure | 

| arrive at any general conclusions.” 

but his sympathies are fairly distributed, and his observa- 

to be attractive to general readers :— 

“To realise what a wealth of animal and vegetable life 
is ever at hand for him who chooses to study it, let a | 
specialist visit you for a few days. Do not have more 
than one at a time, or you may be bewildered by their 
enthusiasm. 

“T have had them come in turn—botanists, concholo- 
_ gists, microscopists, and even archeologi-ts. What an 
' array of names to strike terror to the breasts of the 
timid; yet they were all human, and talked plain 
English, and, better than all, were both instructive and 
amusing.” 

As a specimen of the author's style we give the | 
following from Chapter II., entitled “ Poaetquissings in 
Winter.” 

In order to carry on observations without frightening 
the denizens of the creek, the author was in the habit of 

lying down upon the ice, covered over with a blanket so 
as to be able to see into the frozen depths. The terres- 
trial life soon became accustomed to his presence, and at 
length became inquisitive. “This was amusingly illus- 
trated in one instance by a weasel, in crossing the creek 
on the ice, stopping to investigate the peculiar something 
lying in its path. Peering under the blanket, it either 

| heard my blood circulating or smelled it. At all events 
it gave my ankle a nip which brought me quickly to my 

feet, and sent the bloodthirsty wretch scudding over the 

ice with marvellous rapidity. How the crows laughed! 
Thad noticed a flock of these birds when I went to the 

creek, and had been wondering if their incessant cawing 
was not a discussion of my curious movements. They 
were, possibly, disposed to think me a trap laid for them, 
but were astonished or amused at my sudden regaining 
of the perpendicular when the weasel offered to investi- 
gate the matter.” 

In the third chapter, “ Twixt Cold and Heat,” will be 

found a good collection of observations and experiments 
bearing on the subject of instinct, with special reference 
to the nesting of birds. Whether the author’s views on 

this much-vexed question will command assent we cannot 
undertake to say, but whether we differ from his conclu- 

sions or not, his experiments are certainly worthy of 
serious consideration. Among these we have a series of 

experiments with a chromo-picture of a cat, with a 
mirror, and with coloured yarns, the latter having for 
their object the testing of the sense of colour. In the 

case of a Baltimore oriole in course of buildinz its nest, a 
decided choice was exerted—red, yellow, purple, and 

green yarns having been refused, and gray only selected, 

till the nest was nearly finished, when a few of the purple 

strands were used. Other amusing experiments on the 

transference of eggs are described in this same chapter. 
With reference to the subject of migration the author 

states in Chapter IV., on “ Marsh Wrens,” that “ temper- 
ature and migration are largely coincident, but cannot be 
considered as cause and effect.” He further adds that 
certain rules respecting the habits of American birds 
which had been regarded by previous observers as fixed 
and invariable, are quite variable if observations are only 

continued over a sufficiently long period of time. “ The 
results of a single year will have but little bearing upon 
the regularity or want of it in a bird’s movements. The 

must extend over at least a decade before it is safe to 

We commend this 

passage to the members of our county field clubs who 
are in want of material for observation. 

Space will not permit us to make any lengthy extracts 
from the book, but we cannot refrain from calling the 

attention of the bird-destroyers of this country to the 
| admirable “apology” for the grakle (Qu/scalus versicolor) 

which the author makes in the fifth chapter. These birds 

were formerly regarded as enemies to agr:culture, owing 
to their habit of feeding upon ripe grain, which led te 

their being dubbed by the unpopular name of “maize 
thieves.” But, according to Dr. Abbott’s observations, it 

is atleast doubtful whether, on the whole, man does not 

profit more by the existence of these birds than is lost by 
the attack upon the grain. To get an idea of the amount 

of insect food consumed by a pair with five young, he ob- 

served the birds for two hours (10 to If a.m. and 2 to 3 

p-m.), during which time thirteen trips were made by each 
bird, each returning with an insect every time. The 

young thus got a ‘“‘square meal’’ at least every ten 

minutes. The feeding goes on for ten hours per diem till 
the young are twenty-five days old, when they leave the 

nest, so that during this period each young bird has been 

supplied with 1300 insects, or 6500 altogether. The eleven 

nests in the colony under observation were supplied, 
therefore, with 71,500 insects, and as seven pairs in the 

colony raised second broods, a further supply of about 
45,500 insects was “ requisitioned,” thus bringing up the 

total number consumed by one colony of birds to the 

enormous total of 117,000, or, including the food of the 

parent birds, about 150,000 ‘“‘forms of insect life de- 
stroyed, all of which would have proved more or less 

destructive to the growing crops.” We hope that the 
lesson taught by this observation will not be lost upon 

those who fail to see in persecution by birds a sufficient 
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cause for the marvellously perfect cases of adaptive 
resemblance so common among insects. 

Apropos of the extermination of plants, Dr. Abbott 
remarks (p. 41) with respect to the witch-hazel (Hama- 

melis virginica) :—“ Bent twigs of this plant are still 
used by the ‘gifted’ to find water, lost farming tools, 
and, by one enthusiast, Indian graves. The faithful still 

claim it as efficacious, and he who doubts is sneered at if 

he expresses his opinion. All that the rambler can ask is 
that the plant be not exterminated, and that the fools 

may be.” We may perhaps echo this sentiment on this 
side of the Atlantic without offence to the members of 
“Primrose” or any other floral “ Leagues.” A protest 

against the extermination of rare plants by “dealers ” 
was circulated by the Corresponding Societies Committee 

of the British Association last year. 

We have given a sufficient idea of this work to commend 
it to the notice of English naturalists, and we may remark 
in conclusion that, although the animals and_ plants 
referred to are not familiar to the ramblers by our own 
streams, the sparkling anecdotal style will cause the 

volume to be enjoyed by all, whether trained observers or 

casual country wanderers, and the spirit in which the 

author goes forth into the fields and woods or saunters by 
his favourite “‘ Poaetquissings ” may be well imitated by 
the numerous field naturalists now being called into 
activity by the widely-spread establishment of local 

societies. ‘He who has this interest in the life about 
him can never be lonely, wander wheresoever he will, nor 

return from a contemplative ramble other than a wiser 
and happier man.” R. M. 

CEDITERS TO THE SED) TOK 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts, No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letlers 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts. | 

On Refractometers 

I OBSERVE that in your issue of June 17 (p. 157) there is an 
article by Mr. Gordon Thompson on ‘‘‘the Determination of 
the Index of Refraction of a Fluid by Means of the Microscope.” 
The method there described was, I believe, first proposed by 
the Duke de Chaulnes in 1767 ; and in 1876 was suggested by 
Dr. Royston Pigott in connection with his refractometer. It was 
employed in 1878 by Dr. Sorby for recognising the minerals in 
thin slices of rocks ; and in 1884 by Dr. Bleekrode in determin- 
ing the refraction of liquefied gases (/voc. Royal Society, vol. 
XXXVil. p. 343). In these two instances the ordinary method 
was unavailable. The proposed method has not been much 
used owing to the fact that the index of refraction cannot be at 
all depended upon beyond the third place of decimals. 

Mr. Thompson considerably exaggerates the difficulty of the 
usual method by means of a hollow prism: the angle of the 
prism may be determined once for all; the position of minimum 
deviation presents no difficulty ; and the use of monochromatic 
light is unnecessary. Indeed it would be objectionable, as it 
would prevent the determination of the dispersive power, which 
is often of equal importance with the refractive power of the 
substance. In my own experiments I have often taken observa- 
tions both of the refraction and dispersion of five or six liquids 
during the course of an hour, including the cleaning of the prism 
between each. 

The suggested method seems scarcely to admit of determining 
the temperature of the drop with any accuracy, which is an im- 
portant matter where liquids are concerned. It may, however, 
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doubtless be employed by those who have a good microscope, 
where great accuracy is not required. 

There is an instrument called Abbe’s refractometer, which I 
have recently used for preliminary determinations, and I find it 
gives accurate results to the third place of decimals. It is 
founded on the principle of total reflection, It requires also 
only a drop of the liquid, and as the index of line D is read off 
without any calculation a complete determination can be made 
in a minute or two. ‘There is also an arrangement by which the 
dispersion D to F can be observed and calculated, but I do not 
find that this is accurate enough to be of much service, The 
instrument is to be obtained of Carl Zeiss of Jena. 

17, Pembridge Square, June 26 J. H. GLADSTONE 

Luminous Boreal Clouds 

DURING the past two or three years what appears to the 
writer a distinct class of luminous night clouds in the north sky 
have occupied his attention. They have probably not escaped 
more competent observers, and been perhaps referred to simple 
auroral phenomena, thus escaping discussion. A very marked 
example was visible here the night before last (22nd inst.), of 
which inclosed is an illustration from a sketch at the moment. 

I may premise the sky was generally clear, stars bright, tem- 
perature very low, and wind strong (N.B.) from north-west—a 
direction maintained for the past two days. Only aslight degree 
of illumination was imparted to the clouds by a low moon in the 
south-east, near last quarter. Some light cirrus ‘‘scud,” high 
up, conformed to direction of wind. 

Above and behind a dark but very limited bank of strato- 
cumulus, a luminous cloudlet of brilliant pearly Justre appeared, 
nvt concurrent exactly with either the magnetic or true meri 
dians, in altitude from 5° to 10° from the horizon, and for 7° in 
horizontal arc. Its shape, character, and position little varied 
during observation from 11.30 p.m. to2a.m. The structure in 
this case (only partially realised in the sketch) was striated, the 
“strike” of main streaks being north-east and south-west. 
Transverse bars of luminosity conformed closely to the direction 
of the cirrus clouds above, and of the wind. On the three or 
four other occasions of such observations these luminous cloud- 
lets have been devoid of structure, but in every case they have 
presented, as in this, an opaque pearly lustre, with definite 
outline. 

Of an entirely different type to the eye are the sudden, diffuse, 
variable, and transient transparencies of aurorze. Avoiding pre- 
mature discussion, one cannot but suspect the former occur in 
much lower and less rare sky-tracts probably than the latter, 
with a possible frictional factor in their development ; and might 
be distinguished as 2ud.cul@ boreals if accorded a special place 
on further observation. The temperature has been keeping low, 
and sunset after-glows have in some degree reappeared during 
the past week ; especially gorgeous being the cloud-tints at sun- 
set of the 22nd inst. D. J. Rowan 

Dundrum, co. Dublin, June 24 

Ampére’s Rule 

WITH regard to Ampere’s rule I should be glad to know what 
is the general experience of actual teachers ? “4 

I have taught electricity to boys for four years, and when at 
Rugby I learned the subject for I think two years. 
ence has been that ‘‘ Ampére’s rule ” is 7zof confusing ; and as a 
teacher I find it best to give both this rule and the ‘‘screw- 
motion” rule. I see that Mr. Cumming gives both, on p. 222 
of his book. W. L. 

The College, Cheltenham 7 

As Prof, Daehne (NATURE, June 24, p. 168) has called 
attention again to the treatment of Ampére’s rule in my 
‘Electricity Treated Experimentally,” perhaps you will allow 
me to point out that the rule given by Ampere is quoted /i- 
torically only, and for it is substituted a rule, due, I believe, to 
Clerk-Maxwell, which seems to me preferable to either the 
original rule of Ampere, or to that quoted by Prof. Daehne, 
namely, that the movement of a north pole is right-handed to 
the direction of the current. That is to say, if we assume any 
right-handed screw to be propelled along the current, the nortl 
pole will move in the direction of the twist in the muscles of th 
wrist in propelling it ; and vice versa, if the north pole moved 
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the direction of propulsion, the current urging it will be in the 
direction of twist in the muscles of the wrist. In treating the 
movement of a conductor carrying a current in the magnetic 
field, I have used a rule identical in character with Ampere’s, 
and that was probably the rule to which J. T. B. referred in his 
critique, namely, that a figure swimming in the current and looking 
along the lines of force is carried to his left. I should be glad 
to find a rule at once as complete and more simple, although 
after a pretty wide experience, not always with the very brightest 
of pupils, I have not been sorely pressed with the difficulty 
J. T. B. seems to have felt, All the required attitudes are pretty 
familiar toa boy who is accustomed to diving in the water and 
swimming on his front, side, or back. L. CUMMING 

Rugby, June 24 

THE following version of Ampere’s Rule is one which I com- 
municated some time ago to a few friends, but it did not appear 
to me to be expressed in language sufficiently grave to justify its 
publication. Still, as the Rule is a simple and useful one, your 
readers, in general, may be disposed to overlook its levity. 
Draw the three well-known Hamiltonian vectors, i, j, k. 

_ After i put (nduction), after j put (ump), and after k put (urrent). 
Then the figure explains the action of magnetic induction on an 
electric current. The figure in fact asserts that i(ndaction) in i 
makes k(urrent) in k to j(ump) along j. 

k(urrent) 

os j(ump) 

J 
/ 

| va 

| Ya 
“ 

i(nduction) 

__ Of course the same figure gives the direction (according to the 
‘Law of Lenz) of the current yenerated by a motion (¢.e. a jump) 
of a conductor in a given direction in a magnetic field in which 
the direction of the induction is given. 

R.LE. College, Cooper’s Hill 
| | ae 

GEORGE M. MINCHIN 

An Earthquake Invention 
| 

| In my letter to Nature, vol. xxxiii. p. 438, I clearly showed 
‘that the supposition of Mr. D. A. Stevenson and Prof. Piazzi 

myth that I hadendeavoured toclaim the aseismatic joint of Mr. 
D. Stevenson was due to their imperfect acquaintance with seismo- 
logical literature. I certainly intercalated a ote about aseis- 
matic structures in a report to the British Association on earth- 
quake phenomena in general, without mentioning Mr. Stevenson’s 
name. 

Previous to this, when specially speaking or writing upon 
aseismic structures, I have repeatedly referred to the work of Mr. 
D, Stevenson. Such references were quoted. Under the cir- 
cumstances I asked Messrs. Stevenson and Smyth to distinctly 
state whether they still considered themselves justified in con- 
tinuing their accusations. If this point was overlooked the dis- 
cussion might be considered as at an end. Mr. D. A. Steven- 
son has replied, but the question at issue as been distinctly 
evaded (NATURE, vol. xxxili. p. 534). 

I deeply regret that Messrs. Stevenson and Smyth should 
allow a discussion to terminate in such a manner. 

Tokio, May 22 JOHN MILNE 

[This must now close.—Ep. NATuRE.] 

Professor Newcomb’s Determination of the Velocity of 
Light 

| I HASTEN to correct an error which has crept into my 
/account in last week’s NATURE (p. 171) of Prof. Newcomb’s 
measures of the velocity of light. ‘The arrangement employed by 
Foucault in 1862 was vot that adopted by Newcomb, and illus- 
trated in Fig. 1, but that sketched in Fig. 2. In other words, he 
Dlaced his lens between the revolving and fixed mirrors. His 
apparatus is described in Comptes rendus, t. lv. P- 792, where 
he velocity of the rotating mirror is stated to have been 400 
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revolutions a second, and the total length of path between the 
mirrors 20 metres. A. M. CLERKE 

June 28 

Solar Halo and Sun Pillar seen on June 5, 1886 

WHEN approaching the Observatory, about 6.45 p.m., my 
attention was drawn to portions of a solar halo, which appeared 
as in Fig. 1. 

HORIZON 

Fic. 1.—a, very bright ; c, fainter; B, very faint. 

This remained visible until after 7 p.m., and nothing more 
was seen before 7.30 p.m. When looking out at 7.40 p.m. 
G.M.T., I noticed something unusual, and came at once to the 
conclusion that it wasa solar pillar, and made a sketch in a 
note-book and the following remarks :— 

HORIZON 

Fic. 2. 

The shaded part in the foregoing, other than the halo, pillar, 
and stratus cloud, represents cirrus. 

The pillar apparently rose from the sun, which—when I 
looked out at 7.40—kad just gone below the top of some dark 
stratus cloud, directly to the upper part of the halo marked a. 
It was not more than 10° high at the brightest, but quite as 
much, as I estimated it to reach zearly half-way to the portion of 
the halo A, and the width four times the diameter of the sun. 
The lower part of the pillar was well defined and of a golden 
colour ; as it approached the halo it gradually became fainter, 
and was then lost in the cirrus cloud. ‘The upper part was some- 
what wider ; perhaps this was duc to the greater amount of cloud 
there, which diffused the light. 

At 7°55 G.M.T. all portions of the halo had gone except a 
small piece at A, and the pillar was fainter, but still quite 
visible. At 8°3 the halo and pillar had disappeared. ‘lh- sun 
set at 8°14 p.m. 

An ordinary hal» (224°) was visible, more or less bright and 
complete nearly from sunrise to sunset. 

1 could not fix the position of the pillar by stars, none near 
being visible. The sketch was made at the time from a window 
of the library of the Observatory. 

That seen here on 1883 April 6, by Mr. W. A. Robinson, 
was about I5 minutes affer sunset; this observation was 30 
minutes efore. The time at which the pillar was v.sible on the 
former date was given by nearly all your correspondents as 
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15m. to 45 m. a@/ter sunset, and in most cases_ in a cloudless 

sky ; but that on 1886 June 5 was the reverse in both points. 

Some notes will be found in NaTURE, 1883, April and May, for 

the pillar observed in that year. That seen here partly 

resembles Fig .4, Plate IIL. in Symous’s Meteorological Ma,azine, 

1871. F. A. BELLAMY 

Radcliffe Observatory, Oxford, June 21 

The Enemies of the Froz 

WHEN living at Mackay, Queensland, I frequently observed 
that the common house-frogs (H. cavulea) were injured in the 
hind-limbs, and on several occasions I would hear them croaking 
in pain ; but on arrival all I saw would be a wretched exhausted 
frog weakly hopping away with a wound in the hind-leg, from 
which the blood would be oozing. Later on I found that rats 
attack the frogs. The rats catch the frog by the hind-leg, and 
apparently suck the wound they cause, then let the frog crawl 
away, attack it and suck it again, and so on until the rat has 
had enough. I believe the rats suck the blood, because 1 was 
never able to discover a frog so attacked on which the flesh had 
been destroyed. 

Mr. W. P. Fletcher, a well-known local naturalist, once gave 
me the following-account of a mantis attacking a frog. It was 
in the autumn of 1877, at Rockhampton, Queensland. He was 
“attracted by hearing the noise of a frog in distress, in the 
daytime, in some garden-shrubs about 6 feet high ; he went 
to see the cause, and found a green frog about 2 inches long. 
A green mantis about 5 inches long, with one claw had hold of 
it across the neck, so that the frog could not move, and the 
mantis was chewing, anl did chew off, the hind-leg, the blood 
flowing profu ely.” He called Mrs. Fletcher to see them, and 
then destroyed the mantis, whereon the frog crawled away. 

At Lake Elphinstone (100 miles from Mackay) I once found 
a small frog (7. vzdel/a) in the house in a very exhausted con- 
dition ; on examination I found a large leech on its tongue. 
This specimen, with the leech attached, I gave to Mr. Boulenger 
at the British Museum, where it can be seen. 

At Mackay the chief enemies of the frogs appeared to be the 
snakes and the Agamide. H. Linc Rotu 

Chronology of Elasticians 

In forming a chronological list of writers on elasticity 1 
have been unable to ascertain the following dates, which I 
should be much obliged if any of your readers would kindly 
supply: Mariotte (zé prés de Dijon vers 1620, Marie). Is 
nothing more definite known as to the date of his birth ? 

F. E. Neumann shy des \ 
W. Weber SAM a? BE 
Eaton Hodsiinsoa’ 9...) 
S. Haughton Ry Oo ll} 
if. He; Jellett j 

University College, London, June 27 

Death years. 

Birth years. 

KARL PEARSON 

SOLAR METEOROLOGY} 

1G. TACCHINVUS detailed report on the various phases 
of solar activity during the year 1884 deserves, as 

might be expected from the reputation of its author, most 
careful attention. Exceptionally fine weather permitted 
observations of sunspots and facula to be made at the 
Collegio Romano on 307 out of the 355 days, so that the 
materials accumulated were more than usually abundant. 
We are thus particularly well informed regarding the 
symptoms attending the protracted maximum which 
culminated in February 1884. 

This is the more fortunate as that maximum was 
distinguished by features of special interest. It was 
delayed considerably beyond the usual term, the interval 
from the maximum of 1870 being no less than 13°4 in lieu 
of the normal 11"1 years. And to this delay corresponded 
a greatly reduced intensity, in accordance with the law by 
which the undulations of the curve representing spot- 

i= 

* “ Meteorologia Solare.”’ Note di P. Tacchini. Estratto dagli dnnadé 
Saye teorologia taliana, Parte 3, 1384. (Roma; Tipografia Metastasio, 
1ods. | 

frequency are low in proportion as they are long. The 
maximum of 1884, accordingly, was by much the feeblest 
which had occurred since 1830. It was moreover a 
hesitating —it might almost be called an abortive—maxi- 
mum. Some unknown cause apparently interfered with 
its due and punctual development. Partial anticipatory 
outbreaks betrayed the tendency, continually repressed, 
to complete the cycle at the regular epoch, and with the 
regular expenditure of energy. Now perturbation—of 
whatever nature—is always instructive: hence Signor 
Tacchini’s laborious statistical results acquire added 
significance. 

They have been gathered along several closely connected 
lines of research. The various classes of solar surface- 
phenomena—spots, faculae, prominences, metallic erup-— 
tions—have been studied apart, and the several resulting 
inferences as to the progress of solar disturbance subse- 
quently confronted. The trifling discrepancies thus 
revealed show the mutual dependence of no two such 
species of commotion to be absolute. Each swells or 
subsides on the whole without immediate or invariable 
reference to any other, although under the obvious control 
of some common underlying cause. 

Sunspot activity received a notable accession in the 
beginning of October 1883, the phase of excitement 
reaching its acme in the following February,’ and per- 
sisting until the end of May. Since then, some slight 
oscillations notwithstanding, it has continually declined. 
The sun was not, however, observed at Rome to be free 
from spots on a single day in 1884. The maximum for 
prominences occured in March, and they continued ex- 
ceptionally numerous down to the end of October. Inall, 
2714 were delineated and described in 242 observations 
with the spectroscope, being at the average rate of 11°22 
per diem. Sixty metallic eruptions, observed on the 
same occasions, gave a mean diurnal frequency of 0°248 
as against 0171 for 1883. The richest crop was collected’ 
in November 1884, during which month ten eruptions” 
were recorded in sixteen observations. The development 
of faculae deviated so markedly from that of spots that 
their respective fluctuations were at times even inverted. 
It should also be noted that the mean area per spot in 
1884 was of little more than half its value in the preced- 
ing year, and that the magnetic instruments at Rome 
remained throughout comparatively calm ‘ 

Much valuable information is afforded by Signor 
Tacchini’s careful inquiries as to the distribution on the — 
sun’s surface of the different orders of solar phenomena. 
All these showed, during 1884, a conspicuous prevalence of 
activity in the southern hemisphere ; and the inequality— _ 
as appears from a note by the same author presented to the 
Reale Accademia dei Lincei, March 7. 1886—became still — 
more striking in the ensuing year. No spot was observed | 
in either hemisphere during 1884 at more than 30° from — 
the equator ; nor on the northern side, during the latter | 
half of the year, at above 20°. With this contraction of — 
the spotted zone coincided a close approach to the equator 
of the parallel of maximum frequency ; and the usual 
equatorial minimum was both in 1884 and 1885 very 
imperfectly maintained. & 

Prominences were plentifully distributed between 60° 
north and 50° south latitude, with maxima between 20° © 
and 30. As during the spot-maximum of 1870, they — 
showed no disposition to avoid the vicinity of the — 
equator ; while in 1880, 1881, and 1882, the equatorial | 
minimum of prominences was very marked, and remained 
perceptible in 1883. Although some rare instances Of — 
metallic eruptions were detected in high northern latitud | 
they affected chiefly a zone bounded by parallels of 20° 
Facule occurred predominantly in the same region, an 
nowhere appeared in latitudes above 50°. On the whole 
a concentration towards the equator of the whole range of — 
phenomena was unmistakable, and might be thought | 

1 M. Redolf Wolf places the maximum in November 1883. 

Peer 
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correspond with a more advanced stage of the spot-cycle 
than was indicated by numerical data alone. 

Signor Tacchini concludes his memoir with a survey of 
the vicissitudes of spot-formation during eight years— 
from January 1, 1877, to December 31, 1884. The results 
are graphically exhibited in a set of curves variously 
derived. No. 1 is constructed from the daily numbers of 
spots with their accompanying pores; No. 2 from the 
record of spots alone; No. 3 shows the frequency of 
groups ; No. 4 follows the fluctuations of spotted area ; 
No. 5 those of facularextension. All the first four methods 
agree in fixing the ab.olute minimum in March 1879; 
Nos 1, 2, and 3 display secondary maxima in September 
1880, March and July 1881, and March 1882: the absolute 
maximum was reached, judging by the statistics of spots 
and groups (curves 2 and 3) in February 1884; but in 
November 1883, according to those of spots with pores, 
and spotted area (curves 1 and 4). It is noticeable that 
the preliminary maxima are largely exaggerated in pro- 
portion to the true maximum, when pores are admitted 
into the account with spots ; while the curve resulting from 
the simple enumeration of groupsis very slightly indented. 
This last method is regarded by our author as that which 
should invariably be followed when recent have to be 

compared with ancient records of sunspots ; but no system 
of observation with the eye can any longer compete with 
the simpler and surer one of photographic registration. 

The curve of facular extension for 1877-84 is some- 
what anomalous. It touched its lowest point in Novem- 
ber 1878, five months previous to the spot-minimum, then 
sprang up to an absolute maximum in October 1880. 
This was followed by a secondary but very considerable 
rise in Septentber 1881, after which, during two years, a 
tolerably high average level was maintained. The 
definitive decline which set in in September 1883 
was only partially arrested in May 1884. The coincidence 
between the maximum of faculz in September 1880, and 
a large and abrupt increase in the formation of pores, 
just a month earlier, should not be overlooked. It is also 
remarkable that a maximum of prominences, but slightly 
inferior to that of 1884, occurred in 1881. 

The condition of the sun in 1885 is epitomised in the 
note by Signor Tacchini already referred to. That year 
was, in his opinion, distinguished as one of continued 
agitation by the persistent abundance of its various 
symptoms in the neighbourhood of the equator. A zone 
of 4o° north and south covered all the spots, and (save 
one example of each kind) all the facula and metallic 
eruptions observed. The tranquil or “hydrogenic” 
description of prominences, on the other hand, figured 
indifferently in all latitudes. Their general equality of 
diffusion was but slightly infringed by a southern prepon- 
derance ; while the frequency in the same hemisphere of 

spots, faculee, and eruptions was, in each class, almost 
double that of its northern occurrence. The alternating 
activity of the solar hemispheres, thus exemplified in 
one of its most conspicuous phases, is one of the many 
enigmatical features of solar disturbance. 

SEISMOLOGY IN FAPAN? 

POUNDED only in 1879, the Seismological Society 
of Japan is already able to point to a good record 

of accomplished work. The Society was happy in the 
time and the place of its birth, No home could be 
more fitted to nurse the enthusiasm of the seismologist 
than one whose foundations are shaken, on the average, a 
little oftener than once a week. One may take a rather 
half-hearted interest in other natural phenomena, but, 
while it lasts, an earthquake certainly commands undi- 
vided attention. And the Society came into being just 
when a few zealous investigators were striving who should 

* Transactions of the Seismological Society of Japa I. viii. (Tokio: 
\ Published by the Society, 1885.) 8 igh Ieleny Cr out CRE: 
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be first to solve the problem of obtaining an accurate 
record of how the ground moves in an earthquake. Lord 
Byron has described a thunderstorm in the Alps as the 
joy of the hills “o’er a young earthquake’s birth ;” but 
the joy of the hills, if more loudly expressed, was nothing 
like so deep as the joy with which the inventor of a new 
“ earthquake machine” felt the first convulsion that came 
to test its powers. In these congenial conditions it is not 
surprising that the Society’s early volumes record the 
history of what is nothing less than a new departure in 
observational seismology. Of late the Society has suffered 
by the removal from Japan of some of its more active 
members ; but this latest volume of its 7yavsactions gives 
satisfactory evidence that, while it has not yet lost all its 
foreign supporters, some of the Japanese themselves are 
ready to step forward and continue the work. So long 
as Prof. Milne remains, the Society will not lack material 
for publication ; the present volume, like many of its 
predecessors, is largely the work of his pen. 

The first paper, on ‘‘ Seismic Experiments,” is by Mr. 
Milne, and contains an account of eight series of experi- 
ments on artificial earthquakes, as well as some labora- 
tory work. Part of this work was done in conjunction 
with Mr. T. Gray, and much of it has already been 
described in other papers. The vibrations of the ground 
were produced in some instances by letting fall heavy 
weights, in others by the use of dynamite. Several 
observing-stations were selected, at various distances 
from the source of disturbance, and generally in one 
straight line with it. At these stations seismographs of 
various kinds were placed, and Prof. Milne seems to 
have preferred the horizontal pendulum seismograph of 
the present writer as an instrument for recording sepa- 
rately two rectangular components of the horizontal 
motion of the ground. By placing the pair of pendulums 
so that one recorded vibrations in the direction of the line 
joining the station with the source, while the other 
recorded vibrations at right angles to this, Prof. Milne 
was able to separate without difficulty the normal from 
the transverse constituents of the disturbance, and to see 
the normal vibrations arrive sooner than the transverse 
vibrations at each station, as the theory of waves in elastic 
solids requires. In this instrument the two components 
of horizontal motion are separately recorded on a moving 
plate of smoked glass. Another instrument was used 
to record the whole horizontal movement on a fixed 
plate, and, as might be expected, the diagrams it 
gave showed first a movement in the line of the source, 
quickly followed by a confused wriggle of vibrations in 
all azimuths. By telegraphically connecting the moving 
plates of the horizontal pendulum seismographs, Prof. 
Milne endeavoured to determine the interval of time 
between the arrival of the disturbance at successive sta- 
tions, and so to infer the velocity of transit. From the 
results he has concluded that the velocity decreases as 
the disturbance travels away from the origin, but the 
figures on which this conclusion is based seem to the 
present writer to furnish very insufficient evidence. In 
one series of experiments there is, in the average of three 
pairs of observations, a loss of about 6 per cent. in the 
velocity between the second and third stations as com- 
pared with the velocity between the first and second 
stations ; but, when we examine the individual observa- 
tions, we find in one case a gain of velocity amounting 
to 14 per cent. And, on turning to what is apparently 
the most complete series of automatically-recorded dia- 
grams (which are reproduced in lithographed plates), it is 
clear that the time-intervals cannot have been measured 
with the precision necessary to establish this result, still 
less to justify the further conclusion that the velocities of 
normal and transverse waves become more nearly equal 
asthe disturbance spreads. The velocity of transit is, in 
fact, a term of very vague meaning, unless we can follow 
an individual wave along its course. As Mr. Milne’s 
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own observations show, the shock loses much of its 
individuality as it travels further from the source. It 
becomes more and more preceded by a vanguard of 
small waves, and, for this reason, seismoscopes of differ- 
ent degrees of sensibility will differ in the time at which 
they chronicle the arrival of the group. Mr. Milne’s 
results, as summarised by him at the end of the paper, 
are too numerous to be taken up in detail. The assiduity 
with which he has pursued these experiments deserves 
the greatest praise, especially as the experiments them- 
selves are of a very high order of difficulty. It is perhaps 
to be regretted that Mr. Milne has not given his attention 
more to perfecting a single series than to multiplying 
results which, as he himself remarks, are often“ most 
discordant.” Seismographs will not tell the truth unless 
they are very well made and very carefully tended. Some 
of the jagged outlines of the curves are much more likely to 
be due to friction and shakiness and want of rigidity in the 
instruments than to any characteristic in the motion of 
the ground; and unless the lithographer has done Mr. 
Milne a serious injustice, there are cases where the 
ground suffers a considerable displacement in a good 
deal less than no time. He has himself observed this in 
one instance, and ascribes it to what must (if his explana- 
tion be correct) be called a faulty mode of setting the 
seismographs. It is not impossible to get results free 
from these defects ; and a single really good set of dia- 
grams would do much to remove the uncertainty which 
now attaches to many of Mr. Milne’s results. 

Besides the experiments with artificial earthquakes, the 
paper describes a laboratory investigation of the sta- 
bility of cylindrical columns standing on a platform which 
vibrates horizontally, and of the velocity of projection of 
detached bodies. The projected bodies were balls, held 
in L-shaped notches at the top ofa vertical wooden post ; 
the post, bent slightly to begin with, was allowed to 
spring; the velocity of projection of the ball was deter- 
mined from its trajectory, while the greatest velocity of 
the post-head was measured by means of a revolving 
plate of smoked glass. The two agreed fairly well, and 
with a nearly frictionless ball supported in this manner 
no other result was to be expected. The late Mr. Mallet 
used to calculate the velocity of the ground’s motion from 
observation of the horizontal distance traversed by pro- 
jected bodies, but the velocity with which a body is 
projected depends too largely on the mode of support, 
and on the amount of adhesion between the body and the 
support, to allow the result to be, in general, of the 
slightest value. With regard to the overthrow of 
columns, it would seem that the author falls into the 
error of supposing that when the resultant force got by 
compounding the weight of the column with its resistance 
to acceleration passes outside the base, the column will 
fall. But since the disturbing force is of short duration, 
all that necessarily happens in such a case is that the 
column will rock; whether it will fall or not is a question 
of much greater difficulty. 

The second paper is a note by Mr. S. Sekiya, “On 
Prof. Ewing’s Duplex Pendulum Seismometer, with 
Earthquake Records obtained by it.” The paper is a 
brief but very clearly written account of a form of the 
duplex pendulum seismograph designed by the present 
writer in 1883, and now in constant use under Mr. 
Sekiya’s care. An earlier form of the instrument has 
already been described in NATURE (vol. xxx. p. 152): 
the latest modification of it was exhibited to the British 
Association at Aberdeen, and will shortly be illus- 
trated in this journal. Its function is to draw on a 
fixed plate a magnified diagram of the ground’s horizontal 
motion ; the figures, which are generally of great com- 
plexity, are given by Mr. Sekiya for a number of recent 
Japanese earthquakes. 

A short paper follows by Mr. E. Knipping, “On the 
Meteorology of Japan,” gathered from observations made 

at twenty-three stations during the year 1883. It men- 
tions that the annual variation of temperature for that 
year in Japan was more than double that of Britain, and 
that changes of 14° C. or 15° C. at one station in twenty- 
four hours are not unfrequent in the spring and autumn. 

A paper by Father Faura, S.J., of Manila, describes 
the Cecchi seismograph—an instrument belonging so 
decidedly to the old school of seismology that, by allow- 
ing its description to appear without criticism, the Society 
at least shows its catholicity of spirit. 

Dr. Dubois contributes some notes on the earthquakes 
of Ischia, and refers to the effects—or rather absence of 
effects—of the earthquakes in excavations there, in support 
of the fact that seismic shocks which do much damage 
on the surface may pass unperceived at a certain distance 
beneath. 

The volume concludes with a catalogue of earthquakes 
registered in the meteorological observatory of Tokio by 
Palmieri’s recording seismoscopes. The list for 1884 
shows the respectable total of seventy distinct disturb- 
ances, and twenty-eight were registered in the first four 
months of 1885. J. A. EWING 

RECENT ADVANCES IN SANITARY SCIENCE 

¢ YGIENE,” in the words of the late Professor 
Parkes, “is the art of preserving health ; that is, 

of obtaining the most perfect action of body and mind 
during as long a period as is consistent with the laws of 
life. In other words, it aims at rendering growth more — 
perfect, decay less rapid, life more vigorous, death more 
remote.” The art of preserving health is correlative with 
the science of prevention of disease, since perfect health 
means the absence of disease and of tendencies to disease. 
Hygiene is thus the art of preserving health and the 
science of preventing disease ; and in taking into account 
recent advances in sanitary science we must consider 
recent acquisitions in our knowledge of the origin, causes, 
and spread of disease, more especially of those diseases 
known as “preventable,” as well as the methods of 
improving the natural conditions or social relations 
surrounding us, which are instrumental in preserving 
health and counteracting disease. 

The etiological relations of all diseases are a subject of 
interest to the sanitarian, but those which have received 
the most attention of recent years, and in which the most 
striking advances of knowledge have either already been 
made, or are imminent in the near future, are perhaps 
Asiatic cholera, typhoid or enteric fever, diphtheria, 
and phthisis or tubercular disease of the lungs. The 
mode of origin and spread of Asiatic cholera has attracted 
great popular attention, both on account of its possible 
introduction into this country from infected districts of 
the Continent, and from the alleged discovery by Koch of 
a Spirillum or comma-Lacillus asserted to be the specific 
cause of this terrible disease. The Reporc of the Govern- _ 
ment Commission consisting of Drs. Klein and Heneage > 
Gibbes, who visited India in 1584 with the object of 
undertaking researches into the etiology of Asiatic — 
cholera, has lately appeared, and in this Report the 
conclusions arrived at by Koch from his own researches 
are very directly traversed. This Report, too, has received 
a very cordial support from a Committee consisting of 
many eminent physicians and physiologists, which was 
convened by the Secretary of State for India for the 
purpose of taking it into consideration. It must be 
apparent, however, to any one who makes an impartial 
study of the literature of the subject, that, if Koch’s” 
organism has not yet been proved to be the actual cause 
of the disease, it has been proved to differ from all other 
organisms asserted to be identical with it, from the fact 
that its growth in various nutrient media is characteristic, 
and serves to distinguish it from all other organisms. As fa 
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growth in nutrient media affords as just a basis for distinc- 
tion between micro-organisms as difference in microscopi- 
cal appearance or other morphological characteristics. 
Koch’s comma-Bacillus is therefore diagnostic of the 
disease, and this fact has now placed in the hands of 
medical men the power of at once recognising a true case 
of Asiatic cholera, the isolation of the organism from 
others in the choleraic discharges and its cultivation in 
suitable media being alone needed. ‘The results of Koch’s 
researches, whether fully accepted or not, have not affected, 
nor are they likely to affect, the measures on which reliance 
alone can be placed for the prevention of outbreaks and 
spread of the disease. In the words of the Committee 
before alluded to, “ Sanitary measures in their true sense, 
and sanitary measures alone, are the only trustworthy 
means to prevent outbreaks of the disease, and to restrain 
its spread and mitigate its severity when it is prevalent 
‘Experience in Europe and in the East has shown that 
sanitary cordons and quarantine restrictions (under what- 
soever form) are not only useless as means for arresting 
the progress of cholera, but positively injurious.” 

The view that typhoid fever cannot arise de xovo, but 
is always propagated by a specific contagion from a 
previous case of the disease, is steadily gaining ground, as 
the number of epidemics where the disease has been 
definitely traced to specifically polluted air or water 
increases. In many other cases, although the specific 
pollution has not been definitely proved, the probabilities 
in favour of such a view have been very great. No 
micro-organism has yet been found which can lay claim to 
be regarded as the specific contagion of the disease, but 
we are in possession of so many facts concerning the 
mode of origin and spread of this disease, that any 
discovery of that nature would probably not greatly affect 
the measures now taken for its prevention. 

The etiology of diphtheria has lately received very 
careful study, but so far without the attainment of any 
results capable of exact formulation. It is not a disease 
invariably dependent on insanitary conditions, such as 
typhoid fever is, but that such conditions favour its spread 
and severity is more than probable. The far greater 
comparative frequency of diphtheria in rural districts than 
in large towns in this country is well known, and has 
been attributed to the presence in the air of the latter of 
the products of coal combustion. This view appears the 
more probable seeing that Continental cities, where wood 
and not coal is chiefly used as fuel, enjoy no such 
comparative immunity from the disease. Excessive 
moisture in the air of a house, whether arising from 
defective construction of the walls or roof, or from a water- 
logged soil, are conditions very often associated with 
diphtheria. The fact also that the disease is most pre- 
valent in the damper seasons of the year, when vegetable 
matter is undergoing decay and fungus life is most active, 
favours the theory that the specific contagium of this 
disease is a mould or fungus, which flourishes most 
strongly in a damp and smokeless air. It isa remarkable 
fact that diphtheria is sometimes associated with scarlet 
fever in one epidemic, the two diseases appearing to be 
interchangeable ; but this is a subject that requires further 
elucidation. The contagion of diphtheria is extremely 
ersistent and long-lived, clinging with great pertinacity to 

infected articles, so that every article which is likely to 
have become contaminated requires very thorough disin- 
fection, preferably by heat. There can be no doubt that 
school attendance is often a chief factor in the propagation 
of the disease amongst children. 

Koch’s discovery of the Bacillus tuberculosts, a micro- 
organism now proved to be the specific contagium of 
tubercular disease in men and animals, has_ placed 
tubercular phthisis in the category of contagious diseases. 
A peculiar disposition or tendency, whether hereditary or 
acquired, is no doubt wanted to enable the germ to take 
up its habitat in the human lung, but the fact that this | 
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idiosyncrasy can seldom be definitely recognised renders 
great caution necessary both on the part of members of a 
family in their association with a consumptive relation, 
and of hospital authorities in admitting into a general 
ward cases of tubercular disease, or of massing together 
into one institution patients in every stage of the disease. 
The Bacillus is constantly present in the sputum and 
probably in the breath of phthisical patients, and this 
points to the necessity of free ventilation of living and 
sleeping apartments, and disinfection of soiled articles of 
clothing and furniture. The external conditions which, of 
all others, cause a predisposition to consumption are, a 
damp subsoil, causing excess of moisture in the air, and 
the constant breathing of an atmosphere vitiat2d by human 
respiration, It has been asserted that tubercle can be 
propagated from animals to man by the consumption of 
diseased meat, or, in the case of the cow, from the milk of 
a tuberculousanimal. Further proof is required before we 
can accept such an hypothesis, but there is nothing 
improbable in such a mode of conveyance of the disease, 
especially in the case of children with a tubercular 
predisposition. 

Besides the diseases which we 
propagated through the agency of milk—enteric fever, 
scarlet fever, diphtheria, &c, in which the introduction 
of the morbid matter is accidental, the milk serving only 
as a means for its conveyance and perhaps for its growth— 
there is a complaint fairly definite in character, which has 
been attributed to the consumption of the milk of cows 
suffering from foot-and-mouth disease. Here the morbid 
quality is inherent to the milk as taken from the cow, and 
is not due to an accidental introduction. The symptoms 
described in the epidemics recorded are fever, vesicular 
eruptions on the lips and in the throat and mouth, and 
enlargement of the glands of the neck. During the 
prevalence of foot-and-mouth disease, all milk taken by a 
household should be boiled before consumption. In 
view of the many dangers which threaten us through the 
agency of milk, it would perhaps be advisable, especially 
where children are the chief consumers, that t is precau- 
tion should be always adopted ; at least until the sanitary 
authorities in towns have the power of inspecting and 
controlling the farms and dairies in the country from 
which the chief part of the milk-supply is derived. 

The possibility of the transmission of the contagion of 
small-pox for considerable distances, not exceeding one 
mile, through the air, has been warmly supported. ‘There 
are many facts in favour of such a view, and its great 
probability will be seen from the following considerations. 
The contagion is almost undoubtedly a micro-organism of 
the class Bacteria, but as it has not yet been isolated and 
identified, we are unaware if it is capable of spore-forma- 
tion or not. The spores of Bacteria can resist external 
agencies—heat, cold, drying, and antiseptics—to a much 
greater extent than the fully formed organisms, and it is 
probable that those diseases in which the contagion 
remains dormant for long periods are transmitted through 
spores capable of existing for long periods outside the 
body. But in small-pox it is not necessary to rely upon 
spore-formation to support theories of aérial transmission. 
The contagion as given off from the body of the patient is 
inclosed in minute epithelial scales and dry pus accumula- 
tions. Here, protected from the air and from external 
destructive agencies, it may be wafted as a minute dust 
through the air, to descend at considerable distances. That 
the radius of infection from a small-pox hospital as a centre 
does not exceed a mile may be due to the great dilution of 
the contagion as it is diffused through greater distances 
than a mile from its centre of origin, the hospital. The 
observations of Dr. Miquel, at the observatory of Mont- 
souris near aris, have shown the number and variety of 
solid particles which are carried in the air, and the 
immense distances which some of them, as pollen and 
spores, may be presumed to have travelled. An educated 

now know to have been 
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public opinion will soon, if it does not already, regard | 
small-pox hospitals as possible centres of infection, and 
will insist on their removal outside inhabited areas. | 

The compulsory notification of infectious diseases to | 
sanitary authorities, either by the householder in whose 
house the case occurs, or by the medical attendant, or by 
both, has been adopted in numerous provincial towns 
during the last five years. This measure has done much 
to furnish the authorities with early information of the 
occurrence of infectious disease which would not other- 
wise have been obtained, and such information has 
doubtless enabled the sanitary officials to stamp out many 
an epidemic in the bud, which might otherwise have 
reached large dimensions. The more universal adoption 
of a measure of compulsory notification in our large towns 
is urgently needed. 

In the domain of domestic sanitation the advances of 
recent years have been mostly limited to the practical 
applications of sound principles already acquired to the 
carrying out of works of construction, drainage, or water- 
supply of the dwelling. Houses built for the use of the 
well-to-do classes (not those of the speculative builder) 
in recent years will most generally be found to be planned 
and fitted on modern sanitary principles. Thorough 
ventilation of the drain and soil-pipe, disconnection of the 
waste-pipes of baths, sinks, and lavatories, and of the over- 
flow-pipes of cisterns from the drainage system, are now 
understood to be necessaries of modern life. A break 
in the connection between the house-drain and the public | 
sewer by means of a manhole chamber and water-seal or 
trap, though not considered necessary or desirable by all, 
is now very usually practised. We cannot doubt that the 
air of a public sewer 1s sometimes the means of disseminat- 
ing disease, and any method which practically excludes 
such a source of danger from our houses is one to be 
encouraged. As knowledge extends, the simplest form of 
apparatus is found to be the best; many of the more | 
complicated kinds of traps and contrivances for excluding 
sewer air are now discarded by builders and architects for 
those simpler forms which are equally effective. 

In the matter of water-supply, the belief is steadily 
gaining ground that a water once polluted by sewage 
cannot be regarded as safe for drinking purposes. Safe | 
it may be so long as filtration on the large scale is 
efficiently performed, but any failure to thoroughly filtrate 
and aérate the water in times of epidemic visitation might 
be attended with disastrous consequences, even suppos- 
ing that filtration through sand and gravel is destructive of 
disease organisms or their spores. The introduction of a 
constant supply of water into towns, in the sense that 
cisterns and receptacles for storing water are no longer 
necessary, has been of great benefit—especially in the 
poorer parts of towns, where water stored on the premises 
is usually highly contaminated. 

Of the scientific witnesses who were examined before 
the RoyalCommission on Metropolitan Sewage Discharge, 
nearly all were in favour of the principle of separation of 
the rainfall from the sewage. ‘The rain to the river, the 
sewage to the soil.” In view of the ultimate disposal of 
the sewage, the advantages of the “separate method ” 
are very great, and would now probably lead to its 
adoption in any new scheme of sewerage for a town where 
the circumstances are favourable. From the public health 
point of view, it is also desirable to have impermeable 
pipe or brick sewers of small size, so that contamination of 
the soil by leakage into it of the contents of sewers may 
be avoided. In any such scheme of sewerage it must not 
be forgotten that not only are channels on the surfaces of 
the streets and roads required to convey away surface 
water, but pervious drains laid in the subsoil are absolutely 
necessary in the health interests of the town to keep the 
subsoil water ata permanently lowlevel. For the disposal 
of the sewage, the value of a regular daily flow, and the 
elimination of the necessity in times of heavy rain of 

dealing with an enormous and uncontrollable volume of 
dilute sewage, must be obvious. The surface waters of 
towns are certainly not clean, but where the streets are 
efficiently scavenged they are free from taint of human 
excretal refuse, and fit for admission into the rivers which 
nature intended as drainage channels of the surrounding 
high lands. 

The extreme importance of thoroughly ventilating 
sewers, Is now very generally understood. Pipe sewers 
require as much ventilation as brick sewers, although the 
absence of deposit on the smooth internal surfaces of the 
pipes, and their consequent freedom from smell due to 
decomposition of deposited organic detritus, originally led 
to the belief that ventilating openings were not required 
in pipe systems of sewerage. It was not until Dr. 
Buchanan showed in the case of Croydon that the absence 
of proper ventilation in the pipe sewers of that town was 
in all probability instrumental in aiding the spread of 
enteric fever that the opinion of engineers on this matter 
underwent a change. Displacement of air in pipe sewers 
of small diameter is greatly more sudden than in brick 
sewers of larger diameter, and it is plain, says Dr. 
Buchanan, that ‘‘means of such ventilation are wanted 
more numerously in proportion as the displacements of 
air may be local and sudden.” Openings into sewers 
from the street level are still regarded as the best 
practicable means for the admission of fresh air, and the 
exit of sewer air. Charcoal trays, Archimedean screws, and 
other contrivances for purifying the issuing air, or hasten- 
ing its exit, are now generally abandoned as useless and 
inconvenient. 

The purification and utilisation of the sewage of towns 
is a subject of much importance both in its public health 
and commercial aspects. The idea, so long entertained, 
that town sewage could by various methods be made to 
yield a manure which would give rise by its sale to an 
enormous profit is now exploded. The highest degree of 
purification, we now know, can only be attained on land 
naturally suitable from its porosity and other properties, 
and artificially prepared by extensive under-drainage. 
The agents which purify sewage in its passage through 
soil, by converting the nitrogenised organic matters into 
inorganic salts—nitrates and nitrites of the alkaline and 
earthy bases, and ammonia—have been discovered to 
be Bacterial micro-organisms, resident chiefly in the 
superficial 18 inches of soil, and far more abundant in 
some soils than in others. Sewage farming has been 
ascertained to be profitable, under suitable conditions. 
The sewage must flow from the town to the farm by 
gravitation—the cost of pumping will neutralise profits 
from the sale of farm produce ; a part of the farm must 
be laid out as a filter bed, so that the sewage, when not 
required on the cultivated land or when so dilute from the 
presence of storm waters as to be inapplicable, may be 
purified on a small very porous area by the process of 
intermittent downward filtration. Very few growing crops 
are benefited by the application of sewage, except the 
various kinds of grasses, and of these such enormous 
quantities can be produced that, unless converted into 
“silage,” or utilised on the farm in the production of 
stock and dairy produce, they may be expected to result 
in a loss, from the absence of any demand for such large 
quantities at all periods of the year. 

In this country, the sewage farm at Birmingham is 
probably the best example of what has been done to solve 
a most difficult problem by the application of sewage to 
land. Here, the sewage is first freed from its suspended 
matters by a process of precipitation, a proceeding 
necessary not only to prevent warping of the land with 
offensive solid matters, but also to withdraw the metallic 
salts and acids incidental to the sewage of a manufactur- 
ing town, which would be injurious to vegetation. Even 
this magnificent example of dealing satisfactorily with the — 
most difficult municipal problem of modern timesis eclipsed 
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by the city of Berlin on the Continent. The sewage farms 
at Berlin have successfully dealt with the sewage of 387,500 
people—nearly twice the population of Birmingham— 
whilst London is still allowing to run to waste an enormous 
amount of valuable material, at the same time polluting a 
river—the highway of its commerce—to an extent never 
previously dreamt of. 

Processes of precipitating sewage by chemicals are now 
known to exert only a partially purifying influence. The 
best process yet discovered can do little more than free 
the sewage from its suspended matters, allowing all the 
dissolved constituents of sewage—by far the most valuable 
portion agriculturally and chemically—to pass away in the 
effluent. Lime dissolved as lime water, sulphate of 
alumina, and perhaps proto-sulphate of iron, taken to- 
gether and added to the sewage in the proportion of not 
more than Io to 15 grains to the gallon, are the best, most 
economical, and most effective precipitants. Other more 
valuable substances, alded to the sewage with the view of 
increasing the value of the precipitated sludge or manure, 
are in large proportion lost in the effluent water, and as 
they do not assist precipitation might just as well be 
added to the sludge afterwards, if fortification is required. 
Half-a-crown and no more is the value per ton of the 
precipitated solids of sewage. This value will generally 
pay for the cost of their carriage a mile orso in agricultural 
districts, but no further. 
A great improvement in dealing with the semi-liquid 

sewage sludge has been lately effected. The sludge 
containing over go per cent. of water was formerly allowed 
to dry in theair orina drying chamber, anda most intoler- 
able nuisance resulted. It is now possible by means of 
hydraulic filter-presses to convert the semi-liquid sludge 
into solid cakes containing 40 to 50 per cent. of water, and 
in this form it is innocuous to the senses, and can be 
readily conveyed away by cartage. 

The knowledge already acquired d:mands that now, and 
in the future, the sewage of towns should, whenever 
possible, be utilised on land in the production of crops or 
dairy produce; failing this, the sewage should be freed 
from its solids by precipitation, and subsequently purified 
on land laid out as filter-beds, efficient purification, and not 
the production of crops, being alone aimed at. If applica- 
tion to land is impossible, then precipitating processesalone 
must be relied on, and where the sewage can be turned 
into the sea, and effectually got rid of without nuisance, 
there it may be allowable to waste valuable matter which 
cannot be utilised except at a cost destructive of all 
profits from its utilisation. 

SALE OF THE FARDINE ORNITHOLOGICAL 
COLLECTION 

eS dispersal of an ornithological collection so large, 
and of such historic interest, as that formed by the 

late Sir William Jardine, F.R.S., is an event deserving 
of notice. The collection was begun more than sixty 
years since, and was the occupation of half a century’s 
diligent care. From its contents were described, and 
often figured, a majority of the species treated of in the 
late baronet’s many works, ranging from the “ Illustra- 
tions of Ornithology,” commenced in 1825, to papers in 
journals of comparatively recent date, and it included a 
greater number of “type-specimens ” than any other that 
has ever been brought to the hammer. 

On Sir William’s death in November 1874, it was 
understood that the collection would be speedily sold, 
and a strong hope was entertained by ornithologists that 
it should pass, as a whole, into one or other of the great 
museums of this country. However, this was not to be. 
The comparatively small “British” portion was, after a 
time, purchased by the Museum of Science and Art in 
Edinburgh, a very fitting destination for it; but the 
rest, consisting of between 8090 and gooo specimens, 

remained in the hands of Sir William’s heir. At last 
that gentleman determined to dispose of it by auction, 
and for that purpose selected Messrs. Puttick and 
Simpson, the well-known firm of Leicester Square, by 
whom it was accordingly sold on Thursday, June 17 
last. However, the attendance at the sale was but 
small, and except in a very few instances, the prices 
obtained were below the average often reached 
at sales of collections in every way inferior in interest, 
while not one of the lots attained a price that may be 
called high. There was a certain competition among a 
few experts, but even this was not carried to any excess, 
and as arule the prizes of the collection were knocked 
down for very small sums. It is a satisfaction to read, 
however, that most of the “ type specimens” were secured 
for the British Museum or for that of the University of 
Cambridge ; but few, it is believed, falling into the hands 
of dealers, and hardly any, as was to be greatly feared, 
into those of the “ plume-trade.” The low prices realised 
were due, no doubt, to the fact that notice of the sale had 
reached few amateur collectors in time, and added to this 
was the fact, obvious on inspection, that the sale cata- 
logue supplied very little of the information which col- 
lectors require. It was the general impression in the 
auction-room at the time, and has since been confirmed 
by the opinion of practical ornithologists, that had the cata- 
logue set forth the special quality of the specimens, and the 
sale been made known more widely, a very different result 
would have followed, and something like the competition 
which attended the great sale of Mr. Bullock’s museum 
in 1819 might have been attained, for collectors are as 
keen now as ever, and such a chance as this is not likely 
to occur again to the present generation. The long 
period, too, which has elapsed since Sir William Jardine’s 
death (recorded in NATURE, vol. xi. p. 74) possibly helped 
also to divest the sale of his collection from a good deil 
of the interest which it would have inspired had its dis- 
persal taken place soon after his decease, for memories 
are short in these days. The agent of the British Museum 
has to be congratulated for his prom.ptness in recognising 
and securing at a nominal price for that institution one 
“type-specimen” (that of Bulwer’s petrel), which, not 
being mentioned in the catalogue nor occurring in its ex- 
pected place among the other specimens of its family, had 
escaped the notice of all the other ornithologists who had 
viewed the collection. 

NOTES 

Amonc the Colonials on whom honours have been conferred 

are Dr. Julius Von Haat, F.R.S., who has bezn made 
K.C.M.G., and Dr. A. R. C. Selwyn, who has been made 

C.M.G. ; Dr. G. Watt, of the Indian Department of Revenue 

and Agriculture has been made a C.I.E. 

Pror. PAuL WAGNER, on behalf of the Comité Salitero, 

sends us the following statement as to the result of the nitrate 
of soda competition. Carrying out the scheme of prizes offered 
by the Committee of the Saltpetre Producers’ Association 

(Comité Salitero at Iquique, Chili) for the be t popular essay 
treating of the importance of nitrate of soda as a manure, and 
the best mode of its application, the judges—Prof. L. Grandeau, 

Nancy (France) ; Prof. Adolf. Mayer, Wageningen (Holland) ; 

Prof, A. Petermann, Gembloux (Belgium); Prof. G. Thoms, 

Riga (Russia); Prof. Paul Wagner, Darmstalt (Germany) ; 

Mr. R. Warington, Rothamsted (Englaad) —have examined the 

essays sent in, namely, thirteen German, thirteen English, and 

four French, and have made the following awards :—(1) To the 

essay with the motto, ‘‘ Grau, theurer Freund, is alle Theorie,” 

a partial prize of 350/. (7000 marks) ; (2) to the essay with the 

motto, ‘‘ Pour pratiquer l’agriculture. . . . ” a partial prize of 
150/. (3000 marks). On opening the accompanying envelopes, 

the author of the first essay was found to be Dr, A. Stutzer. 
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Principal of the Agricultural Experimental Station at Bonn ; 
and the author of the second essay, M. A. Damseaux, Professor 

im the Agricultural Academy at Gembloux. It should be re- 
membered that essays competing for the second part of the prize 

offered—namely, 500/. for the best essay treating of the same 

subject, on the basis of mew, persona’, experim*ntal investiga- 

tions—must be sent to one of the above-named judges, on or | 

before January 1, 1887. 

THE Local Committee for the Birmingham meeting of the 
British Association have their arrangements well forward. A 
considerable contingent of Canadian and other colonial men of 

science will no doubt be present, and every effort will be made 
to extend a hospitable welcome to them and to all the members 
of the Association who may be able to visit Birmingham. The 
Great Western, the London and North-Western, and the Mid- 

land Railway Companies offer exceptional facilities to intending | 
visitors. The Council of the Birmingham and Midland Institute 

have placed their spacious lecture theatre, with its convenient 
suite of rooms attached, at the disposal of the Local Committee 

as a reception-room, officers’ and ladies’ rooms, &c. The meet- 

ings of the Sections will be held in the Council House, the 

Mason Science College, the Medical Institute, the Birmingham 

Municipal School of Art, and in the offices of the Board of 

Guardians—buildings which closely adjoin each other ; and the 

use of rooms in the Council House has also been granted by the 
Mayor for other purposes. The Town Hall will be utilised for 
the evening meetings. Various clubs and scientific and literary 
institutions will be thrown open to members and associates by 

the courteous invitation of the governing bodies, and the Com- 
mittee of the Birmingham Botanical and Horticultural Society 
will open their Gardens during the week of the meeting to 
members and associates. The Committee are also preparing an 

extensive exhibition of the products of local industries and of 

local manufacturing processes, which will be held in Bingley 

Hall. A collection of the flora and fauna, together with the 

rocks and fossils of the district, will be shown in connection 

with this exhibition. 

excursions to various localities of great beauty and interest, and 

many kind offers of hospitality have been received in connection 
with the projected excursions. The Committee are engaged in 

the preparation of a guide-book of the town, which will include 
an account of its history and antiquities, trade and manufactures, 

a description of its modern government, papers on the geology 

and physiography (accompanied by a geological map), and the 

zoology and botany of the district. 

Some of the friends of the late Dr. Walter Flight are anxious 

to collect a fund to be invested for the benefit of his widow and 
children, who have been left with extremely inadequate provision, 
A Committee has been formed with the Rev. Prof. Bonney, 

F.R.S., as chairman, to carry out this object. The honorary 
treasurer is Mr. L. Fletcher, Natural History Museum, Crom- 

well Road, S.W., and the honorary secretaries T. W. Carmalt 

Jones, M.D., 6, Westbourne Street, Hyde Park, W., and John 

M. Thomson, King’s College, Strand, W.C. Contributions may 

be paid to the account of the “Flight Memorial Fund” with 
Messrs. Robarts, Lubbock, and Co., to the honorary trea- 

surer, or either of the honorary secretaries. We need not say 
a word to impress upon our readers how deserving is such a 
case as this. 

A MOVEMENT is on foot for obtaining subscriptions to pur- 
chase an annuity for Mr. J.B. Dancer, who has done so much 
for the improvement of photography. But photography is only 
one of the many arts and sciences indebted to him. There is 
the stereoscopic camera with twin lenses, which he was the first 
to make. He invented microscopic photographs, which so 
much delighted and astonished us twenty-five or thirty 
years ago. He also introduced photography to the magic 

The Committee are arranging a series of | 

lantern, being the first to show a photographic transparency on 

ascreen. The lantern itself is also indebted to him, not only in 
its optical parts and in its construction generally, but also parti- 

cularly in the application of the oxy-hydrogen light, and for a 
dissolving gas tap, which saves half the gases and produces the 

best dissolving effect. Then there should be mentioned, as 

of much greater importance than the above, the automatic 
“contact-breaker,” used probably by the million at this moment, 

in every induction coil in the world. Prior to Mr. Dancer’s in- 
vention, contact used to be made and unmade by hand, ina 

vessel containing mercury. The first helical coil with the 

vibrating interrupter was constructed by Mr. Dancer, and 

was exhibited long after by him at one of the soirdes 
of the British Association, when the meeting was held 

in Manchester. When Mr. Dancer established himself 
as an optician in Manchester, his presence soon made 

itself felt amongst the few microscopists then living in 
the district. Good microscopes were then costly, and worth- 

less ones very common. Mr. Dancer successively brought 
out several forms of instruments, as excellent in their m-ch- 

anical and optical arrangements as they were moderate in price. 

It is sad to have to say that, notwithstanding Mr. Dancer’s 
talents and achievements, he is now living in very straitened 

circumstances, is morever afflicted with almost total blindness, 

and therefore unable to follow the optical business to which his 

life has been devoted. It is not an unusual thing fora man of great 

mechanical ingenuity and skill to be an indifferent man of the 

world, and so it has been with him; as a business man he has 

been a failure. He has made improvement after improvement, 

invention after invention, any one of which might in ‘‘ pushing ” 
hands have made a fortune ; but, more interested in science than 

in money-making, he has allowed the golden chances to become 
public property, and has thus remained poor himself, while the 
world has reaped the advantage of his labours. Mr. Dancer 

is now in his seventy-fourth year, and, it is to be hoped that in 

his hour of darkness the world will pay back to him something 

for that which it has freely received at his hands. A Committee 

has been formed for the purpose of receiving subscriptions, and 

| we commend the movement strongly to the support of our 
readers. The Comumitteeare : J. P. Joule, LL.D., F.R.S., Sale ; 

Prof. W. C. Williamson, LL.D., F.R.S., Owens College ; Prof. 

Balfour Stewart, LL.D., F.R.S., Owens College ; John Dale, 

F.C.S., Cornbrook, Manchester ; Leo H. Grindon, Manchester ; 

S. Platt, J.P., Oldham; Charles Bailey, Hon. Treasurer Man- 

chester Literary and Philosophical Society ; James Birchall, 
Hon. Sec. Liverpool Literary and Philosophical Society ; Abel 

Heywood, jun., Higher Broughton (Hon. Sec. fro ¢em.). 

Dr. ULLMANN, of Vienna University, who spent several 
weeks with Dr. Pasteur in Paris, and brought back some of the 
virus with him, began on Monday, in the presence of several 

eminent professors, to inoculate against hydrophobia. He had 

for patients thirteen men bitten by rabid dogs and one woman 

bitten by a rabid pig. 

WE regret to announce the death, on the 23rd ult., at his 

residence, Glenoir, Galway, of William King, D.Sc., Emeritus 

Professor of Geology, Mineralogy, and Natural History in the 
Queen’s College, Galway, in his seventy-eighth year. Upon 

the foundation of the Queen’s Colleges in Ireland, in 1849, Dr. 
King was selected to fill the Chair of Ge logy in the Galway 

College, a post that he occupied, and of which he fulfilled the 

duties most assiduously and laboriously, until 1883. In that 

year, owing to a severe attack of paralysis, Dr. King was most 
reluctantly obliged to relinquish his professorial duties. In 
1882 the additional performance of the business of the Natural 
History Chair devolved upon him: the double task proved too 

onerous. Subsequent to his resignation, the Corporate Body of 

the College presented Dr. King with an address, as a testimony 
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of their esteem for his devoted services, of which latter the Geo- 

logical Museum in the College is a lasting record. Numerous 
volumes and also pamphlets upon various branches of geology 
bear witness to his attainments and indefatigable zeal. 

From the report just issued by the Swedish Academy of 
Sciences we gather some interesting particulars of the scientific 
work prosecuted under the auspices of this Institution last 
year. On the recommendation of the Academy the following 
sums were granted by the Government towards scientific re- 
search, &c. :—A sum of 150/. to the Academy's Zoological 
Station in the province of Bohus; 200/. to Prof. H. Gyldén for 
the development of his theory respecting the movements of the 
larger planets; 250/. towards the publication of the Acta 
Mathematica ; 300/. towards the purchase of a zoological and 
ethnographical collection of objects brought by Dr. C. Bovallius 
from the West Indies and Central America ; 60/. towards Prof. 

Liljeborg’s work, ‘‘ Scandinavian Fishes’’; and two sums of 

50/7. each towards Herr Westerlund’s work, ‘‘ Fauna der in 

der palaarctischen Region lebende Binnenconchylien,” and Dr. 
Lindeberg’s exsiccate work on the Rubi of Scandinavia. In 
addition to these sums, various smaller amounts were granted 
by the Academy to a number of gentlemen towards scien- 
tific researches, as, for instance, for the study of certain 

algee on the coast of Bohus, for the study of the Scanian moss 

flora, for the study of the anatomy and histology of the 
marine Annelidz in the same province, and that of the Gastero- 
poda, &c. Of other scientific work continued last year may be 

mentioned the work on the great publication recording the scientific 
of the expedition to Spitzbergen, 1882-83, of which the re- 
searches on the aurora borealis and the electricity of the air are 
now in the press, and the rest, on other branches of science, will 

shortly follow ; and further, the arrangements of the valuable 

collection for the State Museum of ethnographical objects from 
all parts of the world—some 6000 in number—made by Dr. 

Stolpe during the voyage of the corvette Vanadis round the 

world. The Academy also purchased a large estate near 

Stockholm with the funds bequeathed by Prof. Bergius for the 

establishment of a horticultural garden, similar to that of Kew, 
to be under the supervision of the Academy. An important 

change has been decided on with reference to the publishing of 

the Academy’s Yournal, viz. to divide it into two parts—Pro- 
ceedings and Appendix—the former to be issued monthly, con- 

taining reports of meetings and short papers and the latter to be 
issued at intervals, containing longer and more scientific papers ; 

and these will be divided into four sections, each embracing a 

certain branch of science, which will enable a specialist to find at 

once the paper desired, and not necessitate the purchase of the 

whole yearly series. 

AN Australasian Meteorological Society has been formed at 
Adelaide, South Australia. 

On Edison’s system of telegraphing with trains in motion, the 
Scientific American (February 20, 1886) says :—The receiving 

apparatus at both the car end and the fixed end of the line is a 
telephon-. The sending apparatus is also similar at both ends, 
and consists of an interrupter or vibrating tongue driven by an 
independent battery, and making 500 vibrations per minute ; 

this vibrator is in circuit with the line battery, an ordinary Morse 

ley, and the primary of an induction coil. The secondary of 

the induction coil on the car is in connection with the tin cover- 

ing the entire roof of one or more cars; the secondary coil at 
the fixed station is in connection either with condensers or with 
other induction coils, which in turn are in connection with the 

ordinary line wires by the side of the track. Suppose a message 
to be sent from the fixed station to the car. The vibrator is 
always working, but till the Morse key is put down no current 
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instead of a continuous current being sent to line each time, it is 

an alternating one ; this induces a current in the secondary coil, 

and through it the condensers, for example, are charged alter- 

nately. The charge of the condensers is propagated through 

the line wires with which they are in connection, and influences 

the tin roof of the car, and ultimately the telephone by which 
the signals are read. 

Mr. BLANFoRD, Meteorological Reporter to the Govern- 
ment of India, has issued a memorandum on the Himalayan 

snowfall in the past season. A few years ago, it will be re- 

membered, Mr. Blanford propounded a theory of a connection 
between this snowfall and the monsoon, to the effect that the 

later and heavier the snowfall in winter and spring the later and 

feebler would be the following monsoon. ‘The forecasts based 
on this theory were fairly accurate last year, and accordingly his 

forecast this year was looked forward to with anxiety on account 
of the great value of early and copious rain to Indian agriculture. 
This year Mr. Blanford arrives at the conclusion that, 

although a considerable amount of snow fell in the North- 

Western Himalayas and the hills of Eastern Afghanistan, 
during the winter and spring, especially in January and Feb- 

ruary, there has been on the whole less than in the previous 
year. The snow range, as seen from Simla, is less thickly 

covered than it was in 1885, and the snow is at a higher level. 
The winds have been less northerly than usual on the west 
coast, and more decidedly southerly and easterly in the Punjaub. 

Hence he thinks that there will be no retardation of the mon- 

soon on the Bombay side; and the barometric levels are 
favourable to an advance of the easterly branch of the monsoon, 

so that no apprehension need be felt about the rains in Upper 

India. 

AT the meeting of the Royal Society of Tasmania on April 

13, the Curator of the Museum stated that during the past 
month Mr. Vimpany had captured a black snake (Hoplocep halus 

curtus) at Longley, measuring about 4 feet 3 inches inlength. On 

opening it the unprecedented number of 109 young ones were 
foundin her. The specimens now before the meeting are thelargest 

ones, the measurement being from 8} inches to ¢ of an inch in 
length. Mr. Morton stated that the greatest number he had 
known previously to be taken from a similar snake was 32, 

but he had been informed by a resident of Tasmania that over 

70 had been taken from a similar species. 

In the Stonyhurst Magazine for May 1886, is a list of the 
flora of the Stonyhurst district. It contains a list of all plants of 

whose occurrence within a radius of ten miles from Stonyhurst 

satisfactory record can be found. 

From a communication by M. Nikolsky to the St. Petersburg 

Society of Naturalists (vol. xvi. 2), it appears that the drying 
up of Lake Balkhash is going on at a very rapid rate, and so far 

as the observations of the inhabitants may be relied upon, its 
level is lowered by no less than two feet every ten years. The 
maps of 1852 show that a very great reduction of the surface of 
the lake has taken place during the last thirty years. As to the 

fauna of Lake Balkhash M. Nikolsky makes the following 

interesting remarks. It does not include a single species of 

those fishes which are characteristic of the Aral-Caspian ichthyo- 
logical region. On the other hand, there is a very great resem- 

blance between the fishes of Lake Balkhash and the lakes on 

the high plateau of Central Asia, for instance, of Lob-nor. 
Three species are common to the Ili River and the Tarim, tribu- 

tary of Lob-nor. M. Nikolsky concludes from the ichthyological 
data that there is no ground to admit of any direct connection 

between Lake Balkhash and Lake Aral, If there ever was a 
sea which covered the Siberian lowlands as well as the depres- 

passes. The message is sent by the ordinary Morse signal, only ; sions of Lake Balkhash and the Aral-Caspian, the Balkhash was 
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separated from the latter at a period when the connection between 

the Aral-Caspian depression and the Arctic Ocean still existed. 
Theie was certainly, in recent geological time, a connection 

between the rivers of the Balkhash basin and those of the Lob- 
nor basin, which connection probably followed the Kunges, the 

Yulduz, and the Tarim Rivers. 

THE total area of the Crown forests of Sweden at the begin- 

ning of 1885 was 5,785,535 hectares, being a seventh part of 

the total forest area of the country. The revenue from the 

same was a little less in 1885 than in 1884, but this is believed 

to be only incidental, it having risen from 750,000/. in 1880 to 

890,000/. in 1882, and 1,120,000/. in 1884. 

WE have received part 2, vol. iv. of the Zyansactions of the 
Norfolk and Norwich Naturalists’ Society, containing the papers 

selected for publication and the address read by the President, 
Major Feilden, F.G.S., at the seventeenth annual meeting of 

the Society. From the report it appears that the Society now 

numbers 260 members, and is both numerically and financially 

in a very satisfactory condition. For his address Major Feilden 
chose the fascinating problem of the origin of life, which he 
strove to show must have had its advent at the poles of the 

earth, a subject which his study of the fossil and recent fauna of 
the polar regions as naturalist to the Arctic Expedition of 1875- 

76 gave him special opportunities of studying. 

to which Major Feilden arrives are that through the secular 

cooling of our planet the poles became first fitted for the recep- 
tion of life ; that in palzeozoic times the North Pole possessed a 

climate as warm, at least, as that now enjoyed at the equator ; 

that the temperature at the North Pole during the Miocene 

southwards ; and that in all probability animal life likewise 

originated at the poles, and spread towards the equator. 
Amongst the published papers, one by Mr. Clement Reid, 

F.G.S., on the ‘‘ Flora of the Cromer Forest Bed,” is of especial 

interest. Mr. Reid enumerates sixty species of plants, which he 
has obtained by the careful washing of clays from various locali- 

ties near Cromer, and calls attention to the curious fact that all 

these, with the exception of 7rafa natans, three firs, and Lsoctes 

lacustris, are still indigenous to the county of Norfolk, and two- 

thirds of them are aquatic or marsh plants, identical in species | 
with those found at the present day in almost all the Norfolk 
morasses. Mr. Edward Bidwell contributes an account of a 
visit to the Isles of Scilly in the nesting season of 1885 ; the 
Rey. H. A. Macpherson a paper on the habits and plumage of 

the Manx shearwater ; Mr. G. Smith some notes on the habits 
of the Fulmar petrel ; meteorological notes by Mr. A. W. 

Preston ; notes on the herring fishery of 1885, by Mr. South. 

well ; a second paper, by Mr. Reid, on Norf.Jk amber; and a 

list of the birds of Norfolk, with remarks, by Messrs. Godney 

and Southwell ; also a valuable paper on the gradual assumption 

of the adult plumage in the honey buzzard, by Mr. J. H. 
Godney. 

WE have received a ‘‘ Liste Alphabétique” of the Corre- 
spondence of Christian Huygens, which the Dutch Society of 
Sciences proposes to publish. The list may be obtained from 
Enschedé and Son, Haarlem. 

Dr. G. F. MarTINEAU, of Yorke House, Stourport, writes 

with reference to the article ‘‘ On the Origin of our Potato,” in 
Nature of May 6 last, p. 7, that ia turning over, the other 

day, the leaves of the sumptuous “ Hortus Eystertensis” of 
Basil Besler, printed in Nuremberg in 1613, he found an excel- 

lent plate of the plant (of which he sends a tracing), with a 

clear and full description. Certainly it is quite worth while to 
draw attention to Besler's figure and text, but it tells one nothing 

new. There are good figures in Gerarde, 1597, and Clusius, 

The conclusions | 

| by the Rev. G. H. R. Fisk, C.M.Z.S_ ; a Sand Lizard (Lacerta 

1601, Besler’s being 1613. ‘* The potato,” another correspond- 
ent writes, ‘‘is not zé/d in Virginia ; it must have been carried 
there from Peru and Chili, The only wild United States pota- 
toes are high up in the Rocky Mountains. A. De Candolle’s 
idea is that the potato was first brought to Europe, not by the 
English, but by the Spaniards.” 

THE additions to the Zoological Society’s Gardens during the 
past wees include a Chimpanzee (A zthropopithecus troglodytes 2 ) 

from West Africa, presented by Capt. Reginald E. Firminger ; 

a Khesus Monkey (Macacus rhesus 3) from India, presented by 

Mr, G. Ballentyne ; a Macaque Monkey (J/acacus cynomolgus $ ) 
from India, presented by Mrs. S. M. Grove-Grady ; a Banded 

Ichneumon (/Zerfestes fasciatu ) from West Africa, presented 

by Mr. G. F. Stimpson; two Egyptian Geese (Chenalopex 
egyptiaca) from Africa, presented by Col. Harris Burland; a 

Larger Hill-Mynah (Gracula intermedia) from India, presented 
by Miss Maud Bendall ; a Martinique Gallinule (/oxornis mar- 

tinicus) from South America, presented by Mr. W. J. Rae; 
Aldrovandi’s Skinks (Plestiodon auratus) from North-West 

Africa, presented by the Hon. Walter de Rothschild ; a Geo- 

metric Tortoise (Zestudo geometrica), a Semiserrated Tortoise 

( Testudo semiserrata), an Angulated Tortoise (Cherstna angu- 

/ata), two Dwarf Chameleons (Chameleon pumilus), two Keeled 

Euprepes (Zufrepres carinatus), a Spotted Slowworm (Acon ias 

meleagris), a Bipes (Scelotes bipes) from South Afcica, presented 

agili,), European, presented by Master Stanley S. Flower ; two 

| Ruffs (Machates pugnax), a Common Viper (Vipera berus), 

| British, deposited ; a Silver-backed Fox (Canzs chuma) from 

South Africa, twelve Black-tailed Godwits (Limosa @yocephala), 
period, though gradually cooling, supported a flora which spread | European, purchased ; a Thar (Capra jem/laica), a Pigmy Hog 

(forcula salvania), twelve Mandarin Ducks (4x galericulata), 

a Chilian Pintail (Dajila spinicauda), a Red-crested Pochard 

(Fuligula rufina), bred in the Gardens. 

OUR ASTRONOMICAL COLUMN 

BLACK TRANSIT OF JUPITER’S FOURTH SATELLITE.—The 
fourth satellite of Jupiter was observed in black transit by Mr. 
E. E. Barnard of Nashville, Tenn., U.S.A., on May 8 with a 
6-inch refractor. It was first noticed as a black spot at gh. 20m. 
local mean time. Some little time previous to this it had been 
looked for on the disk but could not be seen either as a white or 
dark spot. The satellite was followed until gh. 43m., and was 
then very black and rather small and round when best seen. 

Comets Brooks I. and III.—The following ephemeris for 
Comet Brooks I. is by Dr. A. Berberich (Astron. Nachr., No. 
2731)— 

for Berlin Midnight 
1886 R.A. Decl. Log r Log 4 Bright- 

h. ms. a F ness 

July 3 Sar 33 8 43°6S. 98945 O1128 2:0. 

7 8 37 32 9 49°2 979405 O°'140O 1°4 
Il 9 024 I0 37°4 g 9811 071680 10 
15 9 20 32 «II 136 00172. O'1957 oS 
19 9 38 22. II 415 00498 0'2227. 06 

23 9,54 25) 125 3)9) 00794 0°2487 0°5 
27) NOMS 30. 2.2207, 0°1064 0°2734 0o'4 
gl FO 21) 25) 2 3911s. ONn3r4” 10-2960) ows 

The brightness on April 29 is taken as unity. 

Comet Brooks III. is now very faint, and will be soon alto- 
gether out of sight. Dr. S. Oppenheim gives (Astron. Nachr., 
No. 2735) the following places for Berlin midnight on July 4 
and 8: 

a h. m. s. 1 
July 4, R.A. 13 18 40 Decl. 16 426 S. 

8, Toh20) 07) 18 4873S. 

Nova Or1oniIs.—The new star discovered by Mr. J. E. Gore 
near x, Orionis appears for some unexplained reason to be a difh- | 
cult object for photometric observations, the estimates of its 
magnitude made by various observers differing remarkably. Thus 
Dr. G. Miiller found it a little brighter than the 6th magnitude 
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in the last days of December 1885—December 19, 5°86 m. ; 
December 20, 5°76 m. ; December 30, 6'00. Profs. Glasenapp 
and Pritchard both found it considerably fainter than the 6th at 
this time, the former giving it as 6°7m. on December 30, the 
latter 6°42 m. on December 28. Profs. Miiller and Pritchard 
give closely accordant results for the middle of January 1886, the 
magnitude being about 6°8 m , whilst Prof. Glasenapp and Mr. 
Gore found it about 74 m. at the same time. Profs. Pritchard 
and Miller disagree a little later on, and differ by a full magni- 
tude at the end of February and beginning of March, the former 
regarding the star as about the 7th magnitude, the latter about 
the 8th, whilst MM. Glasenapp and Gore consider it as nearly 
the 9th. There is a better agreement amongst three of the ob- 
servers as to the range of magnitude through which the star has 
passed ; Dr. Miiller and Mr. Gore, agreeing in giving 2°4 m, for 
the change from about December 20 to March 8, and Prof. 
Glasenapp finding nearly the same value, but Prof. Pritchard, on 
the other hand, only finds a change in the same period of about 
seven-tenths of a magnitude, 

Io SAGITT&.—Mr. Espin, in Circular No. 5 of the Liverpool 
Astronomical Society, gives the interval from maximum to 
minimum for this star as 4'4d.; maxima for July, 1°6d., 
g‘9d., 18°3d., 266d. ; minima, 6*1d., 14°4d., 22°7d., 31 ‘od. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 FUL Y 4-10 

| [BNO the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on Fuly 4 

Sun rises, 3h. 52m. ; souths, 12h. 4m. 6°4s.; sets, 20h. 16m. ; 
decl. on meridian, 22° 53’ N.: Sidereal Time at Sunset, 
15h. 7m. 

Moon (three days after New) rises, 7h. 7m. ; souths, 14h. 36m. ; 
sets, 21h. 53m.; decl. on meridian, 13° 19’ N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h. m. 5 ; 

Mercury BAZ) -:. IGNSOh ten (27/36 20 33 N. 
Venus... pS Ors 0h 2AG-s ely) 12) a ceLORICE NG 
Mars . Se Reece M7ilOm see: 0) 2355. 
Jupiter... TOMS Sie) 17, Osean 23 019 1 44.N. 
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NATIONAL SMOKE ABATEMENT 
INSTITUTION } 

DURING the year the interest in the subject of smoke 
prevention and in improved apparatus for the consumption 

of fuel has been steadily increasing, and the gradual extension of 
knowledge on the subject has led the general public to take a 
much more intelligent and active interest in the question of 
smoke abatement, which was at first considered by the great 
majority of the community to be almost a sentimental evil rather 
than a matter entering into the calculation and care of ordinary 
* Report of Conncil of the National Smoke Abatement Institution, sub- 

mitted at the ordinary general meeting, December 18, 1885. 
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life. The Council regret, however, to note that the Annual 
Report of the Commissioner of Police, issued in August last, is 
strangely deficient with regard to information as to the operation 
of the Metropolitan Smoke Abatement Acts, which are admin- 
istered by the police; and the Council thought it their duty to 
write to the Zzmes and other daily papers, calling attention to 
this want of information in the Report, and also to the very 
anomalous character of the fines inflicted in the case of convic- 
tions ; they also laid the matter before the Home Secretary, 
calling special attention to the following facts— 

(1) That in numerous cases of nuisance which are reported by 
the police no proceedings are taken. 

(2) That when proceedings are instituted, and convictions 
obtained, the penalties inflicted by the magistrates do not comply 
with the Acts of 1853-56, the average fine being below the legal 
minimum. 

(3) That no proceedings whatever appear to be taken to 
enforce the abatement of smoke from steamers, &c., on the River 
Thames, although an enormous quantity of smoke is evolved by 
them, causing a very serious nuisance, not only in the waterside 
districts, but by polluting the general atmosphere of the 
metropolis. 

(4) That such great development has taken place during the 
last few years in the methods of preventing smoke from the 
works falling under the provisions of the statutes, that they may 
be more rigidly enforced without hardship. 

(5) That the area within which the Smoke Abatement Acts 
apply no longer corresponds with the area within which smoke is 
produced. 

The Council vere supported in thus calling the attention of 
the Home Secretary to the matter, by the fact that the Annual 
Report of the Commissioner of Police for the preceding year 
(1883) remarks strongly on the inadequacy of the fines, and 
states that, ‘* The fact of recent changes in heating systems hav- 
ing brought about some very considerable commercial advantages 
of various kinds, has operated in a marked degree in mitigating 
hostility to the enforcement of the Acts.” 

The Council have also, through the medium of the Press, 
called attention to the fact that the London School Board are 
neglecting a public duty and losing a valuable opportunity of 
instructing the public, by having the large buildings recently 
erected for schools fitted up with heating apparatus without due 
regard to their smoke-consuming capabilites. : 

They have also endeavoured to influence public opinion by 
bringing under notice pledges which appear to have been given 
by some Parliamentary candidates, that they would endeavour 
to exempt bakers from the operation of the Smoke Abatement 
Acts, this pledge having been obtained by certain bakers who 
wished to maintain the use of a particular class of furnaces 
which ordinarily produce a large amount of smoke. It is 
scarcely necessary to point out that the exemption of bakers 
from the operation of the Smoke Nuisance Acts would be 
prejudicial to the public interest, as it is a fact that smoke can 
be and is in some bakeries entirely prevented, not only to the 
advantage of the public, but also to that of the men who work 
in the bakeries. The Parliamentary candidates themselves were 
also communicated with upon the subject. 

The unreasonablene:s of the suggestion that bakers should be 
exempt from the provicions of the Smoke Acts is the more 
noticeable from the fact that the Commissioner of Police, in his 
Annual Report for 1883, alluding to the general improvement 
of heating methods, says : ‘‘ The most important changes perhaps 
have been made in the case of bakers’ and confectioners’ oven 
furnaces, which have hitherto caused, and still continue to cause, 
the greatest number of offences charged under the Smoke Acts. 
Some of them are now adapted bya simple alteration, which can 
be made without stoppage of the daily trade, to the use of 
gaseous fuel (ordinary coal gas mixed with atmospheric air), 
instead of coal; while other ovens are heated by coke applied 
either directly to the purpose, or by steam, which is generated 
in pipes heated by means of coke-fired furnaces.” 

It may be added that the Council have had before them an 
offer from a good firm of oven builders, siating that they are pre- 
pared to fit up fifty bakers’ ovens at half price, to prove the 
practical working of one system rendering such ovens entirely 
smokeless. ; 

In various trades, notably baking confectionery, tile and 
porcelain burning, glass staining, japanning, Xc., considerable 
advantages, in addition to the prevention of smoke, have been 
found to result from the use of coal gas instead of solid fuel for 
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furnaces and engines, but to obtain the same result the cost of 
gas is greater than that of coal. Although the directors of the 
gas companies of the Metropolis are apparently not unwilling to 
advance the cause of smoke abatement, and thereby of public 
sanitation, by making a reduction in the price of gas used for 
trade purposes, they are prevented doing so by their Acts of 
Parliament. The Council are keeping the matter in view, and 
watching a favourable opportunity to urge the Government to 
grant the necessary powers. 

Correspondence has been carried on on the subject of the gas 
stoves at the Bank of England, insisting on the necessity of flues 
being provided to carry off the products of combu tion from all 
gas stoves used for warming purposes, and letters have been 
received thanking the Institution on behalf of the clerks for calling 
the attention of the Bank authorities to the matter. Voluminous 
correspondence has also been carried on with makers and 
inventors of stoves and smoke-prevention appliances, and of 
patent fuels, and with others, giving information and sug- 
gestions on points connected with the subject too various to be 
set out. 

During the year several tests have been carried out by the 
Institution, and they have now under consideration the prepara- 
tion of another volume of detailed reports of tests. The 
volume would include tests of various forms of furnaces, steam 
and other boilers, blow-pipe furnaces, smoke-preventing appli- 
ances, ventilating fans, non-conducting compositions, mechanical 
stokers, condensers, gas cooking and heating stoves, and various 
heating and cooking appliances using gas and coal as fuel. 

The Council had at one time intended to exhibit at the 
Varkes Museum typical forms of heating and smoke-abatement 
appliances, but for various reasons they considered it undesirable 
to carry out the scheme, and they propose instead to promote 
periodical exhibitions of special heating apparatus, or new 
methods of heating and smoke prevention, as opportunity may 
offer. 

In connection with this branch of the subject, reference may 
be made to the exhibition of the Sanitary Institute held at 
Leicester in September, at which various stoves and smoke- 
preventing appliances were exhibited. Exhibitions of gas stoves 
for heating and cooking purposes have also been held in many 
of the chief provincial towns during the year. 

A memorial, praying for a grant from the surplus funds of 
the International Health Exhibition, signed by the Duke of 
Westminster and other influential persons, was unavailing, 
although the object of this Institution so directly affects public 
health, the improvement of which was the avowed aim of the 
Health Exhibition. This is much to be regretted, as the lack 
of funds not only militated against the general operations of the 
Institution, but it prevented the Council establishing a testing 
department, which is a necessary adjunct to the Institution for 
the advancement of its objects. 

During the year a lecture given in the Parkes Museum by 
Mr. T. Fletcher, of Warrington, on Smoke Abatement, and a 
pamphlet containing three prize essays on the same subject, 
have been printed by the Institution and circulated. A paper 
by Mr. W. R. E. Coles, on the Hygienic, Moral, and Economic 
Aspects of the Smoke Question, read at the Leicester Congress 
of the Sanitary Institute, is now being prepared for circulation. 

By order, E. WHITE WALLIS, 
Secretary 

THE WINGS OF BIRDS? 

“THE power of flying through the air is one of the principal 
characteristics of the class of birds. Although some 

members of the other great divisions of the Vertebrates—the bats 
among Mammals, the extinct pterodactyle among Reptiles, the 
flying-fishes among Pisces—possess this power ina greater or 
less degree, these are all exceptional forms, whereas in birds the 
faculty of flight is the rule, its absence the exception. Among 
Invertebrates this power is possessed in a very complete degree 
by the greater number of insects. 

In the normal structure of the vertebrate animals there are 
two pairs of limbs, anterior and posterior, never more. It 
often happens, however, that one pair, and sometimes both, are 
suppressed, being rudimentary, functionless, or entirely absent. 
Flight is always performed by the anterior or pectoral pair, 
more or less modified for the purpose. The super-addition of 

* Abstract of Lecture by Prof. W. H. Flower, LL.D., F.R.S., at the Royal 
Institution. February 19, 1826. 

wings to arms, as in the pictorial representations of angels, has 
no counterpart in nature. The wings of the bird, the bat, the 
pterodactyle, and flying-fish, are the homologues of the arms of 
man, the fore-legs of beasts. In the flying-fish the power is 
gained simply by an enlargement of the pectoral fin, and the 
function is very imperfect; in the pterodactyle, by immense 
elongation of one (the outer) finger, and extension of the skin 
between it and the side of the body ; in the bats, by elongation 
of the four outer fingers, and extension of a web of skin between 
them and the body. In the bird the flying organ is constructed 
mainly of fepidermic structures, peculiar outgrowths from the 
surface, called /eathers—modifications of the same tissue which 
constitutes the hair, horns, scales, or nails of other animals. 
Feathers are met with only in birds, and are found in all the 
existing members of the c’ass, constituting the general covering 
of the surface of the lody. 

The framework to which the broad expanse formed by the 
feathers is attached is composed of hones, essentially resembling 

those of the fore-limb of other Vertebrates. ‘he distal segment, 
manus, or hand, in the vast majority of birds, has three meta- 
carpal bones and digits, the former being more or less united 
together in the adult state. The digits appear to correspond 
with the pollex, index, and medius of the typical pentadactyle 
manus ; the second is always the longest. Both it and the 
pollex frequently bear small horny claws at their extremity, con- 
cealed among the feathers and functionless, but very significant 
in relation to the probable original condition of the avian wing. 
These claws are altogether distinct from the large, and often 
functional, spurs developed in many species from the edge of 
the metacarpal bones, resembling bo h in use and situation the 
corresponding weapons in the hind-feet The third digit dues 
not bear a second phalanx or claw in any existing bird. 

The quills, remiges, or flight-feathers attached to the bones of 
the manus (called ‘‘ primaries”), never exceed twelve in number, 
and are (as has been recently shown hy Mr Wray) in the very 
great majority of birds distributed as follows :—Six, or in some 
few caves (flamingo, storks, grebes, &c.), seven to the meta- 
carpus ; of the remainder or digital feathers, one (ad-digital) is 
attached close to the metacarpo-phalangeal articulation, and rests 
on the phalanx of the third digit ; two (d-d/gita/) have their 
bases attached to the broad dorsal surface of the basal phalanx 
of the second digit, which is grooved to receive them ; the re- 
mainder (fre-digita/) are attached to the second phalanx of the 
same digit. These last vary greatly in development, in fact their 
variations constitute the most important structural differences of 
the wing. In most birds there are two ; the proximal one well 
developed, the distal always rudimentary; but the former may 
show every degree of shortening, until it becomes quite rudi- 
mentary, or even altogether absent, as in /7zgi//id@ and other 
‘‘nine-primaried” birds, in which there are six metacarpal 
remiges, one ad-digital, two mid-digital, and no pra-digitals, or 
only a very rudimentary one. The smaller feathers at the base 
of the quills, called upper and under coverts, have an equally 
regular arrangement. The webs or vanes of all the flight- 
feathers are made up of a series of parallel ‘‘ barbs” which 
cohere together by means of minute hookleis, and so present 
a continuous, solid, resisting surface to the air. 

Such is the characteristic structure of the wing in almost all 
carinate birds, whether powerfully developed for flight, as in 
the eagles, albatrosses, or swifts, or whether reduced in size 
and power to practically useless organs, as in the extinct great 
auk, the dodo and its kindred, weka rail, notornis, cnemiornis, 
&c., most of which, being inhabitants of islands containing n+ 
destructive land mammals, appear to have lost the principal 
inducement, and with it the power, to fly. 

In the penguins (Spheniscomorphe) the feathery covering of 
the wing entirely departs from the normal type. Each feather 
is like a flattened scale frayed out at the edges, the barbs are 
non-coherent and have no hooklets. They form an imbricated 
covering of both surfaces of the wing, including the broad 
patagium which extends from the cubital side of the limb, but 
appear to have no definite relation to the bones, and cannot be 
divided into distinct groups, corresponding to those described 
above. The structure of the wing separates the penguins sharply 
from all the other carinate birds. 

The Ratite, or birds without keel to the sternum, form 
another very distinct group, distinguished by the rudimentary or 
imperfect condition of the remiges or quills, which never have 
coherent barbs, and are therefore unfitted to the purpose of 
flight. In the ostrich and rhea the bones, though comparatively 
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small, are distinct and c»mplete, and the feathers Jarge and 
definitely arranged. The emu, cassowary, and apteryx show 
various degrees of degeneration, which apparently culminated in 
the dinornis, no trace of a wing-bone of which bird has ever 
been found. The question which naturally presents itself with 
regard to these birds is, whether they represent a stage through 
which all have passed before acquiring perfect wings, or whether 
they are descendants of birds which had once such wings, but 
which have become degraded by want of use. In the absence 
of palzontological evidence it is difficult to decide this point. 
The complete structure of the bony frimework of the ostrich’s 
wing, with its two distinct claws, rather points to its direct 
descent from the reptilian hand, without ever having passed 
through the stage of a flying organ. The function of locomotion 
being entirely performed by powerfully developed hind-legs, and 
the beak mounted on the long flexible neck being sufficient for 
the offices commonly performed by hands, the fore-limbs appear 
to have degenerated or disappeared, just as the hind-limbs of 
the whales disappeared when their locomotory functions were 
transferred to the tail. This view is strengthened by the great 
light that has been thrown on the origin of the wings of the 
flying birds by the fortunate discovery of the Archeopteryx of 
the Solenhofen beds of Jurassic age, as in this most remarkable 
animal, half lizard and half bird, the process of modification 
from hand to perfect flying bird is clearly demunstrated. The 
three digits which in the existing forms are more or le s pre sed 
together and imperfect, still retain their freedom and complete 
number of phalanges, and are each armed with terminal claws, 
while the flight feathers and remiges of the cubital, metacarpal, 
and digital series are fully developed and evidently functional. 
The earlier stages in which the outer digits were sul present, 
and the feathers imperfectly formed or merely altered scales, are 
not yet in evidence. 

Some conception of the process by which a wins may have 
been formed may also be derived from the study of the growth 
of feathers on the feet of some domestic varieties of pigeons 
and poultry, illustrations of which were shown at the lecture. 

THE SUN AND STARS}! 

VII. 
WE have now to endeavour to apply to the more distant stars 

some of the facts which I have brought before you touching 
the nearest one—our sun. What we have to do in the short 
time at our disposal is to choose those facts which will give us 
the greatest amount of knowledge concerning the greatest number 
of those stars. 
When the star that is nearest to us has set, the number of stars 

which a pair of eyes can see on a dark night, whether they 
happen to be north of the equator or south of it—for the number 
of stars is pretty equally distributed north and south—is some- 
thing under 3000. But when we leave behind us the power of the 
unaided eye, and consider what re ults can be obtained by the 
optical means now at man’s disposal, we have to increase these | 
6000 to something like forty or fifty millions, so that, if we can 
by any chance obtain facts touching one star that are applicable 
to others, we do a great deal. We ace, in fact, dealing with 
50,000,000 bodies instead of one. 

The first thing regarding these distant bodies to which I have 
to draw attention is that they have been divided for purposes | 
of convenience—astronomical and other—into magnitudes such | 
that the first magnitude means the brightest star we can see ; 
and so we go on till now we go down to the sixteenth magnitude. 

The order of diminution of brightness is not quite exact from 
the first magnitude to the faintest visible to the naked eye, but 
it may be taken on the average to be about two-fifths. If we 
take this ratio as the normal one down to the sixteenth magnitude 
we get the following values nearly :— 

2% stars 2nd mag. I star Ist mag. 

6 3rd = rh 
16 4th = a9 

40 5th = ” 
100 6th = «5 

10,000 rith = AD 

1,090,000 16th = <4 

* A Course of Lectures to Working Men delivered by J. Norman Lockyer, 
F.R.S., at the Museum of Practical Geology. Revised from shorthand ! 
notes. Continued from p. 45. 

We not only get the stars thus visible, but, as they can 
be photographed ina certain period of time, this period measures 
their photographic brightness. We find, for instance, that a 
first magnitude star can be photographed in the three-thousandth 
part of a second ; that a star of the seventh magnitude can be 
photographed in about one second ; and when we come to the 
twelfth magnitude we must turn seconds into minutes, and we 
shall require two of them to get an impression on the plate ; till, 
working on gradually to the sixteenth magnitude, we find that 
the photographic plate, which requires only the three-thousandth: 
part of a second for a star of the first magnitude, requires one 
hour and twenty-three minutes (or eighty-three minutes) to receive: 
the impression, we find the ratio of two-and-e-half times to be 
practically indicated by the times of exposure. 

The relative photographic light of stars of all magnitudes when 
the most rapid dry plates are used is shown in the following: 
table :— 

‘Time of exposure 
Magnitude m. Ss. 

Ist 0005, 
2nd o'013, 
3rd 0°03 
4th 008. 
5th 0.2 
6th o's. 
7th 13 
8th 30 
oth 80 

roth 20°0 
rith 500 
12th 20 
13th 50 
14th 13/0 
15th 33°0 
16th 83°0 

We must not for one moment imagine that, because for many 
reasons it has been necessary to divide stars into magnitudes, 

| all the stars are of exactly the same size at different distances, 
or of different sizes at the same distance. We know very little 
at present relatively. But this we do know, every new fact has 
shown us that some of the apparently fainter stars may be very 
large, and some of apparently the brightest stars may be small. 
You can understand that the light which we get from the stars 
will depend upon these two things. Take the case of the sun 
for instance. We know that the sun is a small star, and yet it 
gives us a great deal of light because it is near to us. We know 
that some of the other stars are very distant, and they give us a 
small amount of light, not because they are small, but because 

they are so far away. 
We are living now in a very interesting time, because people 

are beginning to work here and there, not in too many places, 
to get the stars to write their own autobiography, so to speak. 
In fact, a very important attempt is being made at the present 
moment to replace observations of the positions of the stars by 
actual photographs. Observations, you know, being human, are 
always liable to error. ‘Ihis plate, which I am about to show 
you, is a photograph that I have received from the Brothers 
Henry of Paris only this morning, showing what photography 
can do in registering the exact positions and brightnesses of an 
almost innumerable army of stars by simply exposing a plate in 
a telescope. 

If it is wished to obtain photographs of stars of the sixteenth 

magnitude, the plate will have to be exposed eighty-three 
minutes. If we are content to get stars of the seventh magni- 
tude, then two minutes will be enough. 

All the stars that you see here are visible in a very restricted 
portion of the sky in the constellation Cygnus, not very far from 
the Milky Way. You can understand what a happy thing it will 
be for the astronomer of the future if, when he wants to know 
the state of the heavens in this nineteenth century, in- 
stead of having to consult musty books of observations which 
may probably be wrong, he can refer to a book of which the 
leaves are made of glass, and on which is recorded the auto- 
biography of every square degree of the heavens as you see on: 
this diagram before you. 

In our attempt to apply to these other bodies the knowledze 

which we have acquired touching the sun, of course we have to 

consider chiefly the light sent to us by them. You will see 

in a moment that if the sun were very much farther away from 

‘ys than it really is—imagine it for a moment so far away that 
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instead of appearing to us with a disk it should appear to usas a 
star, like Sirius or Capella, for instance—the only difference 
between its spectrum now and its spectrum then would be that 
there would be less of it. There would be less light. Conse- 
quently it would not be possible for us to see it in all its exquisite 
detail. But so far as the spectrum went there would be no 
change in kind, although there might be a change in degree. 

Now, if you just assume that for a moment, you see that we 
shall be in a very fair way tomake a very important application 
of this knowledge, because [ was careful to tell you that in the 
solar system we have indications of a considerable amount of 
absorption of blue light ; so that, if the sun’s atmosphere were 
away and the earth’s atmosphere were away, the sunlight, if we 
are now right in calling it white, would then certainly appear to 
us as blue, for the reason that the blue light now stopped by the 
sun’s atmosphere and by our own would then be added to the 
light which we get at the present moment, and the total light 
therefore received by our eyes would be very much richer in 
blue rays than it is at present. 
Now then, having the fact of this blue absorption in our minds, 

let us suppose it—to begin with the simplest case—to be enor- 
mously increased. Let the blue absorption creep on into the 
spectrum fill at last it reaches the green or the yellow or the red. 
It is clear that then the sun that we should see would be a red 
sun, and that sunlight would be no longer white, but red. 

Let us next, on the other hand, reduce the quantity of the 
existing blue absorption. Let us have a solar spectrum as long 
as the spectrum of the electric light, for instance. 

Now let us do something else. Let us suppose that in the 
solar spectrum, as in very many of the spectra that we can ob- 
serve in our laboratories, there is superadded to this blue absorp- 
tion a strong absorption of the red, beginning at the other 
end of the spectrum. We shall get the yellow and the 
red, say, absorbed on the one side of the spectrum, while we get 
the blue and violet absorbed on the other. We shall therefore 
only get the green light to pass. 

Do we get evidence that in the heavens among other 
stars such conditions as these hold? Certainly. A very 
considerable number of the stars in the heavens are called 
coloured stars. They are red, or they are blue, or they 
are green, for the most part, and you see that simply dealing with 
the absorption of the blue with which we have become familiar 
in the case of the sun, playing with it a little, giving it a little 
rope here, shortening the rope there, and adding another exactly 
equivalent absorption at the other end of the spectrum, we can 
at once account simply and sufficiently for the colours of the 
coloured stars. This is one advantage that we have in 
working from the known to the unknown. If we had begun 
with the stars and dealt with their phenomena first, it would have 
been difficult to explain; but now that we know how a thing 
happens in the case of the sun, it is quite easy for us to imagine 
the mechanism which must be at work in the atmosphere of the 
coloured stars to give us in some cases red suns, in others green 
suns, and in others still blue suns. 

So much then for coloured stars. 
There is another matter. As I shall have to show you by and 

by, one of the most important distinctions between the stars in 
the heavens is one not depending upon their magnitudes, not 
depending upon their distances, or upon their mass, or upon any- 
thing of that kind, but depending upon conditions which we do 
not know very much about at present, but which bring about this 
result, that the spectrum in one case is different from the spectrum 
in another, exactly as in our laboratories we find the spectra of 
bodies with which we are perfectly acquainted become different 
if the temperature which we employ is made to differ. For in- 
stance, in the case of the vapour of carbon we may employ a low 
temperature, and get a certain spectrum of the vapour which is 
called a spectrum of flutings. If we increase the temperature, 
and then again observe, the flutings have disappeared. They 
have given way to a system of lines in which the irregularity 
is just as striking as the exquisite rhythm of the flutings 
was in the former case. From hundreds of these observations 
the student of spectrum analysis is not afraid to say that when he 
‘sees a spectrum of flutings he knows that he is dealing with the 
action of vapours at a much lower temperature than exists in 
those conditions in which the flutings are replaced by lines. 
And, more than that, so definite is this, so much do we know 
about the fluted spectra of those substances which exist in the 
solar atmosphere—giving us, at the temperature of the sun, the 
dine spectrum—that it is easy for us to take the responsibility also 

| reasoning is right. 

of saying that, if the sun’s atmosphere were to be suddenly cooled 
to-morrow, we should get a spectrum of flutings, instead of a 
spectrum of lines ; so that when we get, if we do get, the fluted 
spectrum in the spectrum of a star, we are justified in saying that 
some cause has been at work in that star equivalent to a cooling 
process in the atmosphere of our own star. Thus, if we cooled 
the sun to-morrow we should produce the spectrum of flutings, 
and as in cooling down the sun will in all probability pass through 
a stage indicated by flutings, so also while it was acquiring its 
present temperature it passed through the same stage. 

What, on the other hand, would happen if we had the sun 
very much hotter to-morrow? It is important to think this out 
very carefully. According to the views which I have brought 
before you, we have, outside all, solids absorbing every part of the 
spectrum. Then we have liquids and dense vapours doing the 
same: less dense vapours absorbing the red, and finer vapours 
still absorbing the blue. We have flutings also, but chiefly 
we have vapours at an enormous temperature which give us the 
familiar absorption spectrum of Fraunhofer lines. 
We have the Fraunhofer spectrum in short giving us the sum- 

mation of the line absorption of every stratum in the sun’s 
atmosphere. We have also a wonderfully simple spectrum of 
the chromosphere, of which I gave you the list of lines, 
writing down for us the absorption of the hottest part of the 
sun’s atmosphere that we can get at. 

Now try to think this out quite completely. 
The first obvious thing which will strike us is that, if the sun 

could be made hotter to morrow than it is to-day, the thing that 
we should be quite certain about, whatever might happen to the 
other conditions, would be that the gases which give us that 
simple spectrum of the chromosphere would have a larger share 
in the absorption-spectrum, and that therefore the absorption- 
spectrum of the star would gradually get nearer and nearer to the 
absorption-spectrum which would be given by the chromosphere 
itself if it could be seen in all its simplicity. I think that way of 

Well, if you think it is, you will find that it 
will lead us to a very interesting conclusion. If we find any star 
with practically the spectrum of the chromosphere, we shall be 
bound to admit that the atmosphere of that star must be hotter 
than the average temperature of the atmosphere of our sun as its 
spectrum approaches that of the Aoé/est part of the sun’s atmo- 
sphere. 

There is one other point that I have to bring before you 
before I go further, and it is this. We have had a great deal 
to say about the photosphere of the sun and the surrounding 
envelopes. We saw that when any vapours were Iccated be- 
tween our eye and the bright sun in the centre we then got 
absorption-lines, for the reason that the sun was hotter than the 
vapour on this side of the sun, so to speak, and therefore light 
was stopped by the cooler vapour in the atmosphere, and we got 
a dark line. The moment however, we work outside the disk, 
and study a prominence on the limb of the sun, or even a part 
of the corona, we observe them by means of their bright lines— 
by means of their radiation. ‘There is no hotter light source 
behind them, and therefore we deal simply with radiation. 

Now, that being so, you will understand how it is that in the 
general spectrum of the sun all the lines are dark, because we 
found that while the bright central part of the sun was not very 
much less than the whole volume, something like a tenth, it was 
very much hotter, so that we get many thousand times more light 
from the centre of the sun. If a substance in the outer atmo- 
sphere gives us a bright line corresponding with a dark line 
given us from this central portion due to the atmospheric ab- 
sorption, all it can do is to reduce the intensity of the dark line 
produced by the intensely illuminated central portion. 

It is a question of area. The difference of area is small, 
smaller than the difference of illumination, and therefore any- 
thing which happens outside does not get its record written at 
all, the area being five or six to one, and the intensity of the 
light in the centre being, say, ten thousand to one. 
Now let us consider another case. Let us suppose that there 

s a star (never mind which it is) the atmosphere of which is so 
enormous that its diameter to the diameter of the central photo- 
sphere is represented by two concentric circles—one very large, 
the other very small. Here the difference of area between 
the inner circle, which gives us dark lines, and the larger exte- 
rior space, which gives us bright lines, if it gives us anything, 
is so enormous that it may be greater than the difference of 
the intensity of the light ; so that if the inner light is ten 
times brighter than the light which comes from the outer 
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area, which, let us say, is a couple of hundred times greater, 
in that case we shall be bound to have bright lines from 
the exterior regions mixing with the dark lines coming from 
the interior regions. Hence we see that the spectra which 
we may get from stars will not depend upon the diameter of the 
stars at all, but may depend upon the difference of area simply 
which we should get by cutting a section at right angles to the 
line of sight from the earth through the star and its whole 
atmosphere. 

It comes to this : Suppose some stars have very large coronal 
atmospheres ; if the area of the coronal atmosphere is small 
compared with the area of the section of the true disk of the sun, 
of course we shall get an ordinary spectrum of the star; that is 
to say, we shall get the indications of absorption which 
make us class the stars apart; we shall get a continuous 
spectrum barred by dark lines. But suppose that the area of 
the coronal atmosphere is something very considerable indeed, 
let us assume that it has an area, say fifty times greater than the 
section of the kernel of the star itself ; now, although each unit 
of surface of that coronal atmosphere may be much less luminous 
than an equal unit of surface of the true star at the centre, yet if 
the area be very large, the spectroscopic writing of that large 
area will become visible side by side with the dark lines due to 
the brilliant region in the centre where we can study absorption ; 
other lines (bright ones) proceeding from the exterior portion of that 
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star will be visible in the spectrum of the apparent foén¢ we call 
a star.} 

Those things, then, being premised, we are now in a position 
to approach the subject of stellar spectra. Much work is now 
being done in this direction, but we must not forget the early 
workers. We must not forget that it was Fraunhofer at the 
beginning of this century who first saw and carefully observed 
several spectra of stars, and we must be all the more careful to 
remember that, since really more than half a century passed 
before anybody took the trouble either to repeat his observations 
or to extend them. Some twenty years ago, however, several 
observations had been brought together by the labours of Italian 
and American men of science (scarcely a stellar spectrum had 
been observed in England). This enabled a distinguished 
American, Mr. Rutherfurd, to begin to put a little order into the 
facts which had so far been acquired. 

He pointed out that it was easy to arrange these stars ito 
classes—that all the spectra were not alike. There was a won- 
derful family likeness among three groups of them, and he 
showed that you might divide these spectra into three very 
definite classes. After him came two countrymen of our own, Dr. 
Huggins and Dr. Miller, who, when they did begin their work, 
certainly put into it an amount of vigour and assiduity which 
had never been approached before their time. They not only 
gave us careful drawings of the spectra of the stars which they 

Fic. 21.—Various types of stellar spectra 

observed, but with infinite care and patience they made com- 
parisons, as we may say, to determine the origin of the lines in 
exactly the same way as I have pointed out that Kirchhoff, 
ngstro u, and Thalén discovered the origin of the lines in the 

spectrum of the sun. Indeed, they did not rest here, or rather, 
one of them did not rest here, for Dr. Huggins subsequently 
introduced a system of photography, and now, thanks to his 
skill, we have several photographs, of priceless value, of some 
of the brighter stars. And while I am lecturing to you here 
in London there is one observer in Berlin, Dr. Vogel, and 
another in the north of Europe, Dr. Dunop, doing all they can 
to give us a complete and perfect spectroscopic catalogue of 
every star that shines in the northern heavens, so that you can 
see that the work is going on. 

Now, before I say any more about it, I will refer to a diagram 
which gives an idea of the kind of thing that one sees when 
these observations are being made. 
We will just run through them one by one. There is a very 

rough and general view of the spectrum of the sun. The actual 
spectrum of the sun has been thrown on the screen before you, 
and therefore it will be quite understood that there we have a 
very rough copy of it for diagrammatic purposes, indicating merely 
the most obvious among the Fraunhofer lines. When we pass 
from the sun to a Lyra, we pass from a star having a relatively 
large number of lines to one having a small number; and this 
small number of lines is further remarkable from the fact that 

the lines are much thicker than those seen ordinarily in the solar 
spectrum. Keeping to the stars which give us spectra of lines, 
here in a Orionis we get another case in which the lines do not 
occupy the places occupied by lines in the spectrum of the sun, 
nor, at the same time, are they so thick as the lines in stars of 
the Lyra type. We can also learn from this diagram, by the 
examination of the spectra of a Herculis and 8 Pegasi, that we 
get flutings from stars as well as lined spectra. We also see that 
these flutings are not all exactly in the same place, by which we: 
can infer that the flutings are not all probably of the same chemical: 
origin. Of that further by and by. The use of the diagram is. 
to give a general idea. |. NorMAN LOCKYER 

(To be continued.) 

SCIENTIFIC SERIALS 

The American Fournal of Science, June.—The Biela meteors: 
of November 27, 1885, by H. A. Newton. From a general 
survey of the observations made in various places, the author 
infers that the maximum of the shower was about 6h. 15m. 
Greenwich mean time ; that the total hourly number of meteors 
visible at one place in a clear sky was at the utmost 
75,000; that the densest part of the stream was not over 
100,coo miles in thickness ; that the meteors of November 27, 

t Proc. Roy. Soc , No. 185, 1878 
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1872 and 1885, did not leave the immediate neighbourhood of 
the Biela comet earlier than 1841-45, and may be treated as 
haying at that time orbits osculating that of the comet.—The 
ultra-violet spectrum of cadmium, by Louis Bell. The ultra- 
violet spectrum of cadmium having long served as a standard 
of reference in the measuring of other spectra, an attempt is 
here made to determine its principal wave-lengths more 
accurately than is possible by Cornu’s ingenious process. By 
taking photographs on Stanley instantaneous dry plates, Mr. 
Bell believes the wave-lengths here determined will be found cor- 
rect to probably within 1/50,000 part of their respective values. 
The total number of lines accurately determined in the entire 
spectrum was thirty, of which the wave-lengths are tabulated 
with the corresponding figures obtained by Hartley and Cornu. 
—Communications from the United States Geological Survey, 
Rocky Mountains Division, The present communication (No. 
vii.) deals with the occurrence of topaz and garnet in lithophyses 
of rhyolites, and is contributed by Mr. Whitman Cross, who 
had already described the occurrence of minute crystals of topaz 
in the small drusy cavities of a coarsely crystalline rhyolite from 
Chalk Mountain, by Fremont’s Pass, Colorado. ‘The present spe- 
cimens of topaz and small dark red garnets are from the trachyte on 
the Arkansas River, opposite Nathrop, Chaffee County, Colorado. 
The mode of formation of the topaz and garnet in the lithophysal 
cavities of the rhyolite in this district is not fully determinable, 
but they are evidently not secondary, but primary products, pro- 
duced by sublimation or crystallisation from presumably heated 
solutions contemporaneous, or nearly so, with the final con- 
solidation of the rocks.—On the strain-effect of sudden cooling 
exhibited by glass and by steel, by C. Barus and V. Strouhal. 
The experiments here described confirmed the views already an- 
nounced by the authors, that the annealing of steel, considered 
physically, is at once referable to the category of viscous pheno- 
mena; also that the existence of the characteristic strain in 
glass-hard steel is the cause of electrical effects so enormous, 
that any additional effects caused by any change of carburation 
may be disregarded, and the electrical and magnetic results in- 
terpreted as due to variations in the intensity of the said strain. 
The chief results here arrived at have since been substantiated 
by polariscope evidence and by the investigation of the density 
of the consecutive shells of the ‘Prince Rupert drop.” An 
account of these results will be given in their next paper.— 
Upon the origin of the mica-schists and black mica-slates of the 
Penokee-Gogebic iron-bearing series, by C. R. Van Hise. The 
iron-bearing formation of this region extends for over 80 miles 
from Lake Numakagon in Wisconsin to Lake Gogebic in Michi- 
gan ; and at Penokee Gap, Wisconsin, the series is 13,000 feet 
thick, the upper 11,000 feet being mica-schists and black slates. 
Che Muscovitic and biotitic greywacke, biotite-schists, and other 
formations here described furnish a graded series from the 
slightly altered greywackes to the crystalline mica-schists.—On 
two masses of meteoric iron of unusual interest, by Wm. Earl 
Hidden. One of these specimens, found on July 2, 1885, on a 
height to the east of Batesville, Independence County, Ark- 
ansas, weighs 94 lbs., and belongs to the class holosiderite 
of Brezina. It is specially remarkable for a hole piercing 
it near the edge, and cone-shaped from both sides. Ana- 
lysis yielded: iron, 91°22; phosphorus, 0°16; nickel and 
cobalt, 8°62 by difference. The other, found in 1857 in 
Laurens County, South Carolina, weighs only 4]bs. rf oz., 
but is noted for the perfection of the Widmanstitter lines 
and unusual abundance of nickel and cobalt. Analysis : iron, 
$5°335 nickel, 13°34; cobalt, 0°87; phosphorus, 0°16, with 
trace of sulphur.—Notice of a new genus of Lower Silurian 
Brachiopoda, by S. W. Ford. This nearly perfect specimen of 
the ventral valve of the species described by E. Billings under 
the name of Odole//a desiderata, and now preserved in the col- 
lection of Walter R. Billings, Ottawa, may be taken as the type 
of a new genus, probably including several described Lower 
Silurian species. It differs from Oéo/e/a in the form and 
arrangement of its muscular impressions, in the possession of a 
thinner shell and in other respects. The author, therefore, pro- 
poses for it the new generic name of Billingsia in honour of Mr. 
E. Billings, the late eminent palzontologist of the Canadian 
Geological Survey. 

Bulletin de V Académie Royale de Belgique, April 3.—Deter- 
mination af the remainder in Gauss’s quadrature formula, by 
M. Mansion. By a definite integral the author completes this 
formula, which thus becomes applicable to non-parabolic curves. 
—On some remains of cetaceans from the foot of the Caucasus, 
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by M. P. J. Van Beneden. 
of a skull with some vertebra from the district east of Vladi- 
kavkas, and an almost perfect vertebral column, with ribs, 
radius, and humerus from the bed of the Kuban River, all be- 

These remains, comprising portion 

long to the same species, the Cetotherium rathkei, Brandt. By 
their means the author is enabled to determine the true charac- 
teristics of the Cetotherium, which shows some affinity to the 
Pachyacanthe of the basin of the Danube, but was quite distinct 
from the extinct species of the Antwerp basin.—On some rocks 
dredged off the Ostend coast, by M. A. F. Renard. These 
include granites, porphyries, diorites, &c., such as occur along 
the French seaboard and in the Channel Islands ; also Jurassic 
and Chalk formations identical with those of Boulogne and the 
cliffs of Dover. here is nothing to show that any of these 
rocks have been transported either from the south or from the 
Scandinavian regions during the Glacial epoch. 

Bulletin de la Société des Naturalistes de Moscou, 1885, No. 1. 
—Revision of the numerical values of the repulsive force, by 
Prof. Th. Bredichin. In his preceding researches the author 
had determined it approximately by means of the rough formula 
of Bessel. Now, he corrects these results, either by direct 
evaluations by means of more exact formulz, or indirectly by 
means of the isodynames constructed upon his rigorous formule. 
Taking 40 different comets (since 1472) M. Bredichin classifies 
them under three different types, and, on the former method, 
receives for the first type, R = 14, while the initial speed (due 
to the ejective force) varies between g = o'r and g = 0°34, the 
average being 0°22; for the second type, R = 1°1, and g = 005 
(varies between 0°03 and 0°07); and for the third type, & = 0-2, 
and g = o'r to 0'2.—On the oscillation of the emissive of 
comets, by the same (with a plate). From a careful study of 
the comet 1862 III. the learned professor concludes that the 
oscillations of its emission ought to be considered beyond doubt, 
as they result not only from measurements, but also from all the 
ensemble of phenomena afforded by the head and tail of the 
comet.—Third report upon my herbarium, by Ed. Lindemann 
(in German).—Plantaz Raddeanze Monopetale (continuation of 
Labiate), by Ferd. Herder.—Letters from Dr. A. Regel dated 
from Bokhara, Merv, &c., between May 1884 and April 1885. 
—Notice of a journey to Akhal-Tekke, by A. Becker, with a 
list of plants found at Kyzyl arvat.—On northern Aucelle, by H. 
Trautschold. 

No. 2.—Enumeration of the vascular plants of the Caucasus, 
by M. Smirnoff, continued from the preceding issue, and 
forming an introduction to the flora of the Caucasus.—Birds of 
the Transcaspian region, by M. Zaroudnoi.—Thirty-five years of 
observations on the earliest and latest times of blooming of wild 
and cultivated plants in the neighbourhood of Kishineff, by A. 
Deengingk, followed by remarks on vegetable parasites and 
noxious insects. Four hundred plants are on the lists of the 
author.—Revision of the copulatric armatures of the males from 
the Phileremide tribe, by Gen. Radoszkowski (with two plates). 
—The appendix contains the third part of the systematic cata- 
logue of the herbarium of Moscow University, published by 
Prof. Goroshankin. 

SOCIETIES AND ACADEMIES 

LONDON 

Royal Society, May 13.—‘‘On the Structure of Mucous 
Salivary Glands.” By J. N. Langley, M.A., F.R.S., Fellow 
and Lecturer of Trinity College, Cambridge. 

The cells of mucous salivary glands I have previously de- 
scribed as consisting of a framework or network, containing in 
its spaces hyaline substance and granules. The granules of 
the mucous salivary glands are rendered very distinct by irri- 
gating a mounted specimen of a fresh gland with moderately dilute 
solutions of neutral or alkaline salts. In these fluids the granules 
can scarcely be distinguished from small fat globules ; those of the 
submaxillary gland of the dog have a diameter of 1 to2mu. In 
the resting gland the granules are fairly closely packed through- 
out the cell, in a line stretching from basement membrane to 
lumen ; there are 8 to 12 granules. Both hyaline substance and 
granules give rise to mucin. 

During secretion both the hyaline substance and the granules 
are turned out of the cells ; after prolonged secretion the cells 
consist of an outer zone, chiefly of freshly-formed substance, and 
of an inner zone of network, hyaline substance, and granules, as 
in the resting state. When the saliva has a high percentage of 
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solids, both the hyaline substance and the granules can be seen in 
it. The hyaline substance is more soluble than are the granules, 
and is thus less commonly seen ; it is partly dissolved, partly 
swollen up intoa continuous mass ; the less swollen parts appear 
as strings or blebs. The granules in saliva vary greatly in 
appearance ; they may be very slightly swollen, and have fairly 
sharp outlines ; or they may be more swollen and run together, 
forming pale masses of various size ; occasionally in more dilute 
saliva they are just visible as pale spheres. 

Although the mucous cells are able to turn out bodily their 
products, they do not disintegrate during secretion. As the 
decrease in the interfibrillar substance takes place, there is a 
fresh formation of substance in the outer part of the cells, z.e. 
as the cell secretes it also grows. In saliva there is no evidence 
of broken-down cells, nor are nuclei present except those in 
‘salivary corpuscles,” which, as stated by Pfliiger, are leucocytes. 
Further, there is not any satisfactory proof that the demilune 
cells multiply during secretion, and give rise to mucous cells. 
During secretion there is no increase in the number of nuclei 
undergoing indirect division. As I have previously said, I hold 
the demilunes to be secreting cells of a different nature from 
that of the mucous cells. Glands with demilunes are simply 
glands in which the ‘‘albuminous” element is reduced to a 
minimum. The apparent increase in size of the demilunes, 
described by Lavdowsky as taking place in the first stage of 
secretory activity, I take to be due to the decrease in the size of 
the alveoli, so that the ordinarily flat demilunes become more 
spherical. Moreover, the demilune cells show signs of secretory 
activity. The ‘‘ young” cells described by Heidenhain and by 
Lavdowsky are chiefly altered mucous cells. 

The network of the cell consists of two parts—one in the 
cell-membrane, the other stretching from this throughout the 
cell. The peripheral network consists of very delicate fibres ; 
at some of the nodal points there are small spherical swellings. 
From lumen to basement membrane there are twelve to fifteen 
meshes. The internal network is connected with the peripheral 
network, but it appears to me to have much larger meshes. From 
basement membrane to lumen there are in the submaxillary 
gland of the dog four to six meshes, z.e. the number of meshes 
in a given direction in the cell is about half that of the number 
of granules. 

May 27.—‘‘ A General Theorem ‘in Electrostatic Induction.” 
By John Buchanan, B.Sc. 

Part I. of this paper deals with the effect of change of the 
specilic inductive capacity of a dielectric which is placed in a 
field of electric force, and it is proved that in general, under 
these circumstances, the dielectric becomes electrified. 

By translating the theorem into the language of magnetism a 
theorem in magnetic induction is obtained. 

The mathematical proof leads to an expression of the form 

‘3 dx _ 1,a°9 

A 2 Vr) 

where / denotes the rate of change of the apparent electrifica- 
tion of the dielectric with regard to the specific inductive 
capacity as independent variable ; + denotes the rate of change 
of the work done against electrical forces with regard to the 
same independent variable ; and V denotes the potential. 

The conditions that there may be no electrification of the 
dielectric are next obtained. The result is arrived at that, in 
order to have no electrification, when the specific inductive 
capacity is altered, the whole field of force must be occupied by an 
electrically homogeneous dielectric. It is then pointed out that 
the equations obtained express the effect of heterogeneity in the 
constitution of the dielectric medium. 

In Part II. the above theorem and some of the results ob- 
tained by Dr. Kerr in his experiments in ‘‘electro-optics,” are 
applied to obtain a theory of electrification by friction. 

The discussion leads to these conclusions :— 
“ Positive” liquids tend to become positively electrified by friction. 
‘* Negative ” 53 40 negatively 65 ay 
** Positive” solids 3 negatively aa “a 
“Negative ” a5 33 positively i ay 

All these conclusions are verified by the experimental results 
given in the paper. 

June 10.—‘‘ Fluted Craterless Carbons for Are Lighting.” 
By Sir James N. Douglass. 
On December 8, 1858, at the South Foreland High Light- 

house, and with the direct current magnetic machines of 
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Holmes, the first important application of the electric are light, 
as a rival to oil and gas for coast lighting, was carried out by the 
Trinity House, under the advice of Faraday. 

The carbons then used, and for several years afterwards, 
were sawn from the residuum carbon of gas retorts; they were 
square in section, 61 x 6} mm., and the mean intensity of the 
arc measured in the horizontal plane was 670 candle units, being 
17 candle units per square millimetre of cross-sectional area of 
the carbon. The crater formed at the point of the upper carbon 
of the ‘‘ Holmes” lamp was so small that no appreciable loss of 
light was found to occur, and the are proved to be very perfect 
in affording an exceptionally large vertical angle of radiant light 
for application with the optical apparatus. 

The most reliable and efficient machine that has yet been 
tried for lighthouse purposes is the large size alternate current 
magneto machines of De Meritens. The average results with 
these machines are as follows, viz. :— 

Two machines 
supplying current 

to one lamp 
48 volts. 
372 amperes. 
50 mm. diam. 

One machine 

E.M.F. svar 
Mean current~ ... ... 
Carbons (cylindrical) ... 
Diameter of crater in 

carbon } 
Mean intensity id) 

38 volts 
206 amperes ... 
35 mm. diam. 

13 mm. 18 mm. 

measured in the 
horizontal plane 
(candle units) .. 

Light per square 
millimetre of car- 
bon section (candle 
units) 

15,000 ... 30,000 

12 Coca Coder or 12 

It will be observed from this statement that the intensity of 
the arc in the horizontal plane per square millimetre of sectional 
area of carbon is about 35 per cent. less than it was with the 
small square carbons used by ‘‘ Holmes,” although it might 
reasonably be expected that with the improvements since 
effected in the manufacture of carbons, the efficiency of the old 
carbons would at least be maintained. The relative inefficiency 
of the large carbons used with the powerful currents now avail- 
able appears to be due (1) to the loss of a large portion of the 
most intense part of the arc which is confined within the crater of 
each carbon ; and (2) to the fluctuations in the intensity of the 
arc caused by the current passing between various points of the 
end of each carbon. 

For a new electric light installation about to be made by the 
Trinity House at St. Catharine’s Lighthouse, Isle of Wight, it 
is intended to utilise the large De Meritens machines that were 
used at the recent South Foreland experiments for determining 
the relative merits of electricity, gas, and oil as lighthouse 
illuminants. The electric light at St. Catharine’s is intended to 
be ‘‘ single-flashing ” at periods of 30 seconds. Each flash is to 
have a duration of 54 seconds, and to be followed by an eclipse 
of 244 seconds. It is intended to use one De Meritens machine 
during clear weather, and two machines whenever the atmo- 
sphere is found to be so impaired for the transmission of light 
that the flashes are not reaching their intended range. 

The defect here arose which is common to all electric flashing 
lights where a minimum and a maximum intensity of flash are 
adopted, viz. that the duration of the flashes of minimum and 
maximum intensity would vary in the ratio of the difference in 
the diameter of the carbons employed with one and two 
machines respectively, which in this case should be 50 mm. and 
35 mm., this mean difference amounting to 364 per cent. nearly. 
It is evident that such a variation in the duration of flash would 
seriously impair the distinctive character of the signal. 

It occurred to me, however, that, if carbons of a fluted cross- 
section were employed, the carbons for minimum and maximum 
intensity could be made of corresponding diameter, their sec- 
tional areas being proportioned to the minimum and maximum 
currents employed, and thus the flashes of minimum andmaximum 
intensity would have exactly the same duration. As all carbons 
for electric arc lights are now made in moulds, I saw that such a 
form would not involve any more difficulty in manufacture than 
if made cylindrical, while there would be less liability of in- 
ternal fracture occurring, as is often the case with large carbons 
in the process of drying and baking. Other advantages to be 
obtained with fluted carbons are: (1) a larger vertical angle ot 
radiant light from the arc, and with a higher coefficient of in- 
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tensity in consequence of the unobstructed radiance through the 
fluting at the points of each carbon ; and (2) a steadier light is 
obtained owing to the localising of the current at the central por- 
tion of each carbon. 

The result of many experimental trials with fluted carbons 
50mm. diameter have entirely confirmed my expectations. No 
crater is formed in either of the carbon points, and their form is 
all that can be desired for utilising fully the maximum light of 
the radiant arc. My experiments have not been sufficient to de- 
termine accurately the additional intensity of light obtained from 
the arc of a pair of the fluted carbons as compared with that 
from the arc of a pair of cylindrical carbons, but I am of 
opinion that the gain with fluted carbons is not less than ten 
per cent. 

Geological Society, June 9.—Prof. J. W. Judd, F.R.S., 
President, in the chair.—The following communications were 
read :—On the volcanic rocks of North-Eastern Fife, by James 
Durham, F.G.S., with an appendix by the President. After 
describing the general distribution of the volcanic rocks of Old 
Red Sandstone and Carboniferous age in the counties of Forfar 
and Fife, the author called attention to a fine section exhibited 
where the Ochil Hills terminate along the southern shore of the 
Firth of Tay. In immediate proximity to the Tay Bridge, a 
series of the later volcanic rocks, consisting of felstones, breccias, 
and ashy sandstones are found let down by faults in the midst of 
the older porphyrites (altered andesites) which cover so large an 
area in the district. The breccias contain enormous numbers of 
blocks of a red dacite (quartz-andesite), and inclosed in this 
rock angular fragments of a glassy rock, resembling a ‘‘ pitch- 
stone-porphyry,” are found, everywhere, however, more or less 
converted into a white decomposition-product. The youngest 
igneous rocks of the district are the bosses and dykes of melaphyre 
(altered basalt and dolerite) which have been often so far re- 
moved by weathering as to leave open fissures. 
three very interesting rocks were described in detail. The rock 
of the Northfield Quarry, which is shown to be the augite- 
andesite, has a large quantity of a glassy base with felted micro- 
lites, and contains large porphyritic crystals of a colourless 
augite. The rock of the Causewayhead Quarries is described 
as an enstatite-andesite ; it has but little glassy base, being made 
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apparent justification for the mapping of both of these rocks as 
“ec greenstone ” by the Geological Survey.—The Bagshot beds of 
the London Basin, by H. W. Monckton, F.G.S., and R. S. 
Herries, B.A., F.G.S. The authors stated that their object was 
to describe more fully the Lower Bagshot beds, and to disprove 
the view lately advanced by Mr. Irving that, in certain places, © 
the Upper Bagshots overlap the Lower, and rest directly on the 
London Clay. They described or referred to a number of sec- 
tions all round the main mass, beginning at St. Ann’s Hill, 
Chertsey, where they considered that the mass of pebbles and 
associated greensands must be referred to the Middle Bagshot. 
The outliers near Bracknell and Wokingham were shown to 
consist of Lower and Middle Bagshot, which does not appear 
in the valley north of Wellington College. The Aldershot dis- 
trict was explained, and it was shown that the beds there resting 
on the London Clay were Lower and not Middle Bagshot, and 
the occurrence of fossils in the Upper Bagshot of that district 
was recorded. The conclusions that the authors came to were, 
that a well-marked pebble-bed was almost always present, mark- 
ing the division between the Upper and Middle Bagshots, but 
that there were other pebble-beds of a less persistent character 
occurring both in the Middle and Lower Bagshots ; that the 
Lower Bagshots generally consist of false-bedded sands with 
clay laminze and no fossils except wood, whereas the Upper Bag- 
shots are rarely false-bedded, and are characterised by the absence 
of clay bands and the presence of marine fossils; and that 
the Middle Bagshot is a well-marked series consisting of 
greensands and clays. They claimed, in conclusion, that there 
was no reason for disturbing the old reading of the district, and 
that there was no evidence of an overlap of the Lower Bagshots 
by the Upper. 

Physical Society, June 12.—Dr. J. H. Gladstone, Vice- 
President, in the chair.—Dr. Samuel Rideal and Mr. E. C. 
Wellington were elected Members of the Society.—The follow- 
ing communications were read :—On an electric-light fire-damp 
indicator, by Messrs. Walter Emmott and William Ackroyd. 

| The Royal Commission on Accidents in Mines point out in their 

up of lath-shaped felspar crystals (andesine), with prismatic | 
crystals and grains of a slightly ferriferous enstatite ; there are 
no porphyritic crystals, but the enstatite individuals are some- | 
times curiously aggregated. The red porphyritic rock from the 
breccias near the Tay Bridge was shown to be a mica-dacite, 
and the glassy rock associated with it to be the same material 
with a vitreous in place of a stony base. The glassy base ex- 
hibits very beautiful fluidal and perlitic structures. The crystals 
of first consolidation in this rock are oligoclase and biotite, often 
showing marks of injury in transport ; those of the second con- 
solidation appear to be orthoclase. In conclusion, the successive | 
stages by which the andesitic rocks of the area were altered, so 
as to assume the characters distinctive of porphyrites, were fully 
discussed, as well as the change of the glassy rock into its 
white decomposition-product.—On some eruptive rocks from 
the neighbourhood of St. Minver, Cornwall, by Frank Rutley, 
F.G.S. The rocks described in this paper were derived from 
Cant Hill, opposite Padstow, and from a small quarry about 
half a mile from Cant Hill, near Carlion. At the former locality 
the volcanic rocks are much decomposed, but from their micro- 
scopic characters they may be regarded as altered glassy lavas 
of a more or less basic type. No unaltered pyroxene, amphi- 
bole, or olivine is to be detected in the specimens described, 
but there is a considerable amount of secondary matter which 
may include kaolin, serpentine, chlorite, palagonitic substances, 
&c. There is evidence of fluxion-structure in some of the sec- 
tions ; others are vesicular, and the vesicles are usually filled 
with siliceous or serpentinous matter. The relation of these 
lavas to the underlying Devonian slates was not ascertained. 
The rock occurring near Carlion contains numerous porphyritic 
crystals of augite in which the crystallisation is interrupted by 
the co-development of small felspar crystals, which appear, as a 
rule, to have been converted into felsitic matter. Ilmenite is 
also present in patches which indicate a similar interrupted 
crystallisation to that shown by the augite. The rock has the 
mineral constitution of an augite-andesite, but since it is a holo- 
crystalline rock, exception would be taken by many petrologists 
to the employment of the term andesite. The lavas of Cant 
Hill were also probably of an andesitic character, so that, so 
far as original mineral constitution is concerned, there is some 

recently-issued report, as a serious objection to the use of the 
electric light in mines, notwithstanding its many great ad- 
vantages, that the light of an incandescent lamp, being pro- 
duced within a vacuum, cannot admit of any device for the indi- | 
cation of fire-damp such as is.given by the Davy, for example. 
The present apparatus is the outcome of an attempt to overcome 
this difficulty. It consists of two incandescent lamps, one with 
colourless and the other with red glass, and the circuit is so 
arranged that in an ordinary atmosphere the colourless lamp 
alone shines, but in fire-damp this goes out, and the red one is 
illuminated. This is effected in a simple manner by the motion 
of a mercury contact occupying the lower part of a curved tube, 
one end of which is open, and the other connected witha porous 
pot of unglazed porcelain, the motion of the mercury being due 
to the increased pressure in the porous pot occasioned by diffu- 
sion. —On a method of distinguishing rays of solar from those of 
terrestrial origin, by Prof. Cornu. It has been shown by M. 
Fizeau that, owing to the rotation of the sun upon its axis, there 
is a disp]acement of the spectral lines produced by solar absorp- 
tion towards the red or towards the violet, according as to 
whether the light examined emanates from those parts of the 
sun which are receding from or approaching us. If, however, 
the lines are the result of absorption by the earth’s atmosphere 
no such displacement should occur. It has been the aim of the 
author to make this principle the basis of a simple and instan- 
taneous method of determining the origin of any given line. The 
displacement is very minute, amounting to about 1/150 of the 
distance between the D lines for rays in that part of the spec- 
trum when the light is from the extremity of the solar equator, 
but it has been found quite sufficient. Observations have been 
made with a Rowland grating, the mean distance of the lines 
being ‘00176 mm. An image of the sun is formed upon the slit 
of the spectroscope by a lens. By a slight oscillatory motion 
given to the lens by a Jever from the hand, any part of the sun’s 
image can be brought upon the slit. A heliostat sends the rays 
always in the same direction, and by a prism the image has its 
equator horizontal. To distinguish between a line of solar and 
one of terrestrial origin the line is brought near the vertical wire 
of the eye-piece, or, better still, one of those inevitable grains of 
dust which are always seen on the horizontal wire. The lever 
connected to the lens is then oscillated so as to bring alternately 
the two ends of the solar equator tangentially upon the 
slit. If the ray is of terrestrial origin it remains abso- 
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lutely fixed, if it is solar it oscillates with the lever.— 
On a hyperbolagraph, by Mr. H. H. Cunnynghame. It is not 
an unfrequent want to be able to find a rectangle of greatest or 
least area contained between a curve ani reciangular co- 
ordinate axes. In several problems connected with motion and 
pressure in steam-engines this is useful, and even in political 
economy the graphic representation of monopoly curves depends 
on maxima and minima of this nature. For the solution of such 
problems it is often very useful to be able to describe rectangular 
hypertolas, and the author has devised a machine to effect this. 
It depends on a mathematical property of the rectangular hyper- 
bola, which he believes to be new, and which is as follows: 
From a fixed point let any line be drawn to meet a fixed line, 
and from the point of meeting draw the line perpendicular to the 
fixed line, and equal in length tothe first line. The locus of the 
extremity of the second line is a rectangular hyperbola, or if 
from a fixed point O a line OP be drawn to meet a fixed 
line in a point P, and PQ be taken perpendicular to the 
fixed line, so that OP + OQ be constant, then again the 
locus of Q is a rectangular hyperbola. In the machine the 
latter construction is mechanically and continuously carried out. 
A pencil, whose point corresponds in position to the point Q, 
slides along a rule which is carried across the paper always per- 
pendicularly to the fixed line. A fine steel wire attached to the 
pencil passes over round a roller at P, and is then carried to and 
coiled round a similar one at O. The use of a steel wire is a 
special feature of the apparatus, and has a great advantage over 
string, which, owing to the facility with which it stretches, can- 
not give good results. The finest wire should be used: it 
unrolls f-om the one roller as much as it laps over the other, 
and its use may be extended to nearly all curve-drawing 
machines.—A voltaic cell with a solid electrolyte was ex- 
hibited by Mr. Shelford Bidwell. Its construction is as fol- 
lows: upon a plate of copper is spread a layer of quite dry 
precipitated sulphide of copper; if on this a clean plate of 
silver is placed, and the cell joined up to a galvanometer, a 
slight deflection is observed due to the unavoidable presence of 
moisture. If, however, the silver plate be covered with a slight 
film of sulpbide of silver, by pouring on it a solution of sulphur 
in bisulphide of carbon and evaporating the free sulphur by 
heat, and then placed with the prepared side down as before, a 
deflection is obtained far greater than, and in the opposite direc- 
tion to, the former. The resistance of the cell was very great, 
but was enormously reduced by compression; the E.M.F. was 
about ‘07 volt. 

Mineralogical Society, May 21.—Prof. M. F. Heddle, 
M.D., F.R.S.E., in the chair.—The following papers were 
read:—On the nomenclature of the hydrocarbon compounds, 
with a suggestion of a new classification, by Andrew Taylor, 
F.C.S.—On new localities for diatomite, by Prof. W. Ivison 
Macadam.—On new localities for the mineral agalmatolite, with 
notes on its composition, by W. Hamilton Bell.—On a new 
locality for agalmatolite, with analysis, by Prof. W. Ivison 
Macadam.—The metallic ores of Chilé, by John F. Kerr, illus- 
trated by a splendid collection of specimens.—On the chemical 
composition of the mineral found by Mr, Wallace at Loch 

Bhruithaich, Ross-shire, by Prof. W. Ivison Macadam.—Note 
on serpentine from Creag Mhor Thollie, Loch Maree, by Prof. 
W. Ivison Macadam.—Notice of mica trap from Farley, near 
Beauly, by T. D. Wallace.—An excursion was made in the 
afternoon to the Spindle and Buddo Rocks, under the guidance 
of Prof. Heddle. 

EDINBURGH 

Royal Society, June 21.—Sheriff Forbes Irvine, Vice-Presi- 
dent, in the chair.—Mr. Omond, of Ben Nevis Observatory, 
read a paper on the diurnal variation in the direction of the 
summer winds on Ben Nevis. These varying winds seem to be 
entirely local, and are caused by the heating of the one side of the 
mountain by the sun, while the other is cooled by radiation. 
The air consequently passes over the mountain from the hot to 
the cold side.—Mr. A. Buchan read a paper on the meteorology 
of Ben Nevis. He referred chiefly to three points :—(1) tem- 
perature-variation ; (2) variation of barometric pressure; (3) 
wind-speed. As regards temperature, there is the usual morning 
minimum and afternoon maximum, which tend to be obliterated 
in the winter months. ‘The barometer reads below average in 
the early morning, and above average in the afternoon. There 
is an afternoon minimum, which tends to disappear in summer. 
The wind-speed is below average during the night, and above 

average in the afternoon. The barometer reads low when the- 
wind is high at the top of the mountain. Mr. Buchan pointed 
out that the great advantage of the Observatory is that simulta- 
neous observations are made at the top of the mountain and at 
the foot, the station at the foot being on an incline sloping 
down to sea-level. If this latter condition is not satisfied, no 
reliance can be placed upon deductions from the results obtained 
as to the rate of diminution of temperature with height. The 
Observatory at Hong Kong is so conditioned, and the rate of 
diminution, as deduced from results obtained there, is 1° F. per 
281 feet. From the Ben Nevis observations Mr. Buchan finds it 
to be 1° F. per 270 feet.—Mr. G. W. W. Barclay described some 
algoid lake-balls found in South Uist.—Dr. W. Hunter read a 
paper on the duration of life of the red blood-corpuscles, as 
ascertained by transfusion. Three weeks is the average period 
given by his experiments. When there is no devitalising action 
in the corpuscles by the method of observation employed, it is 
probably from three to four weeks. 

PARIS 

Academy of Sciences, June 21.—M. Jurien de la Graviere, 
President, in the chair.—lmprovement of the bar at the mouth 
of the Senegal River, by M. Bouquet de la Grye. Having 
studied the question on the spot during the year 1885, the author 
proposes some simple measures by which the dangerous effects 
ofthe bar might be obviated and the navigation of the Senegal 
waters greatly improved.—On some double phosphates of 
thorium and potassium or of zirconium and potassium, by MM. 
L. Troost and L. Ouvrard. By preparing a certain number of 
phosphates of thorium and the corresponding compounds of zir- 
conium by the dry process, the authors have endeavoured to- 
verify the analogy pointed out by several observers between 
thorine and zircon. They find that the metaphosphate and the 
pyrophosphate of potassa yield with thorine and zircon double 
phosphates which have analogous compositions, but are not iso- 
morphous. The orthophosphate of potassa gives double phos- 
phates which have different compositions ; nor is there any iso- 
morphism between thorine and zircon obtained by calcination 
of the double phosphates at very high temperatures.—On the 
ammonia present in the ground, by MM. Berthelot and André. 
In reply to M. Schleesing’s last paper the authors claim to have 
made good their original statement that the ammonia present in 
the ground should be analysed without any dessication or 
previous treatment. They also join issue on various incidental 
points raised by M. Schloesing himself during the controversy. — 
On the extension to a class of analogous forms of the theorem 
relative to a number of asyzygetic invariants of a given type, by 
Prof. Sylvester.—On the discovery of a new metal, austrium, 
announced by M. Ed. Linnemann in the Monatshefte fiir Chemie 
for April 1886, by M. Lecoq de Boisbauiran. From the de- 
scription given of its chemical properties, its electric spectrum, 
and the proces of its extraction from the orthite of Arendal, the 
author thinks that this substance is very probably gallium, a 
small quantity of which might easily be contained in orthite. 
The two rays of austrium approximately measured by M 
Linnemann are A = 403'0 and 416°5, those of gallium being 
403°2 and 417'05. For both the ray 417 is the strongest.— 
Remarks accompanying the presentation of three volumes of the 
Annales du Bureau central météorologique fcr 1884, by M. Mas- 
cart. Attention is drawn especially to M. Fron’s paper on the dis-- 
tribution of thunderstorms in France during the year 1883; to 
M. Moureaux’ memoirs on the methods employed at the Parc 
Saint Maur Observatory for the study of terrestrial magnetism ; 
and to M. Teisserenc de Bort’s paper on the distribution of 
cloudiness over the surface of the globe.—Observations of 
Brooks’s Comet III. (c, 1886), made at the Observatory of 
Algiers (0’50m. telescope), by M. Ch. Trépied.—Developments: 
in trigonometrical series of certain functions verifying the equa- 
tion of the potential AF =o, by M. Appell —Note on some 
new groups of surfaces of two dimensions in spaces of 7-dimen- 
sions, by M. Giovanni Bordiga.—Observations on M. Ledieu’s 
note relative to the roll of vessels at sea, by M. de Bussy.—On 
the vapours emitted by a mixture of volatile substances, by 
M. P. Duhem. It is shown that the partial pressure of the 
vapour emitted by each of the two fluids mixed together is less 
than the tension of saturated vapour of the same fluid taken in 
the pure state. —Dynamics of the molecule of water: velocity of 
the propagation of sound ; compressibility ; heat of fusion of ice ; 
specific heat of ice, by M. M. Langlois.—Calorimetric study of 
iron at high temperatures, by M. Pionchon. A detailed exami- 
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nation is made of the characteristic modifications experienced by 
iron at a temperature of about 700° through the extremely rapid 
absorption of heat in a comparatively slight interval of tempera- 
tures. —Conditions under which is realised the maximum of useful 
work in an electric distribution, by M. Vaschy.—Note on atmo- 
spheric refraction, by MM. J. Chappuis and Ch. Riviere. This 
phenomenon is here studied by a method based on the em- 
ployment of Jamin’s interferential refractometer.—New facts 
bearing on the phenomenon of the apparent oscillation of the 
stars, by M. Aug. Charpentier. Several observations are made, 
tending to show that the phenomenon is of a purely subjective 
character, due especially to the unequal fatigue of the muscles 
of the eye, or rather to their innervation.—On the presence of 
a new element in samarskite, by Mr. W. Crookes. The already 

described abnormal orange band A = 609 = 572693 which the 

author supposed due to a mixture of the two earths yttrium and 
samarium, he now finds cannot be due to either of these, the 
only probable alternative being that it belongs to some new 
element. Until it can be separated from the asssociated sub- 
stances and its chief properties determined, he proposes to name 
it Sa, the initial letter S indicating its samarskite origin.—On 
the dissociation of the hydrates of the sulphate of copper, by 
M. H. Lesecceur.—Action of the acids and bases on emetic 
solutions, by M. Guntz.—Action of water and of ammonia on 
the chloride of methylene, by M. G. André.—Some new pro- 
perties of cyanated camphor, by M, Alb. Haller.—A contribu- 
tion to the study of the alkaloids, by M. Géchsner de Coninck. 
The author applies the method of MM. Hoogewerf and Van 
Dorp to the treatment of some iodides of pyridic ammonium— 
isomethylate of pyridine, C;H;N,CHgI, and_iodethylate of 
pyridine, C;H,N,C,H,I.—On the normal dinitriles 

CN—(CH,),—CN, 
by M. L. Henry.—Chemical researches on the products of the 
eruption of Mount Etna during the months of May and June 
1886, by M. L. Ricciardi. The sands collected at Cibali were 
of a blackish colour, consisting mostly of amorphous detritus 
mixed with crystalline fragments of labradorite, olivine, and 

_ pyroxene readily affected by the magnet. The ashes ejected on 
May 28-29 present similar characteristics with a larger quantity 
of salts soluble in water.—Volumetric analysis of the sulphur in 
the sulphides decomposable by hydrochloric or sulphuric acid, 
by M. Fr. Weil. —Researches on the growth of beetroot, by M. 
Aimé Girard. This paper deals especially with the stalk, which 
during growth consists of a tissue, in the elementary organs of 
which water and sugar, forming a constant quantity, are mutually 
replaced according to the circumstances.—Kesearches on the 
structure of the scorpion’s brain, by M. G. Saint-Remy.—On 
the structure of the germ vesicle in S%phonostoma diplochatos, 
Otto, by M. Et. Jourdan.—On the post-embryonic evolution of 
the vitelline sac in birds, by MM. Charbonnel: Salle and Phisalix. 
—On the vascular system of Spatangus purpurens, by M. H. 
Prouho.—On the glands of insects: a pretended ‘‘new type of 
elastic tissue,” by M. J. Gazagnaire. The paper deals espe- 
cially with the unicellular glands first described by Meckel in 
1846, and afterwards studied by Stein, Sirodot, Leydig, and 
others. To these are referable M. H. Viallanes’ pretended 
‘elastic cellules.’—On some histological peculiarities of the 
digestive tube in the simple Ascidians, and especially the 
Cynthie, by M. L. Roule.—On the geological constitution of 
the Pyrenees: the Triassic system, by M. E. Jacquot. The 
author's investigations lead to the conclusion that along the 
French slope, from the banks of the Nive to the Teck valley, 
the Triassic formation presents a uniform composition, recalling 
that of the ranges in Franche-Comté, Provence, and Lorraine. 

BERLIN 

Physical Society, May 21.—Dr. Kénig spoke on the 
modern attempts towards laying down an _unexceptionable 
basis of mechanics. Among the axioms of mechanics the law of 
inertia set up by Newton was the most important, but neither the 
conceptions of time, which lay at the basis of the idea of uniformity, 
nor the conception of the straight line, were precisely definable 
without further assumptions. A whole series of attempts had 
been made to fix these fundamental conceptions, attempts which 
the speaker briefly sketched. He came to the conclusion that 
as standard of time not the movement of translation, which could 
never be absolutely measured, but the movement of rotation 
must be recognised. The movement of rotation was perceptible 
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in itself, namely, through the oblateness of the rotating ball. 
With regard to the straight line, that is with regard to our co- 
ordinate system in space, the speaker accepted the ideas set 
forth last year by Herr Lange of Leipzig, who started with a 
notion developed by Prof. James Thomson of Glasgow. Dr. 
Konig gave a graphic representation of the idea which had been 
only mathematically developed and established. According to 
this representation it was possible, when three points de- 
scribed in a particular space any paths whatsoever, to follow with 
a co-ordinate system these movements in such a manner that all 
three points moved rectilinearly. Experience taught that when 
three points described straight lines to such a co-ordinate system, 
each fourth, fifth, and so on, did it as well. Thus in the move- 
ments of rotation, and in the mobile co-ordinate system, unexcep- 
tionable bases of mechanics might be found whereupon to raise 
asuperstructure, just as mathematics was built up on its axioms, 
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THE ETIOLOGY OF SCARLET FEVER 

aX REPORT has just been issued by the Medical 
Officer of the Local Government Board, the im- 

portance of which, as regards the etiology and prevention 

of a widespread infectious disease, deserves the most 

careful attention of sanitary officers and the general 
public alike. Hitherto the general assumption pre- 
vailed that infection with scarlet fever has always had its 

origin from the human subject, that is to say, that 
scarlet fever is always transmitted to the human sub- 

ject from a human being affected with the malady, 

either by direct contagion in its wider sense, or through 
milk, cream, &c., previously contaminated with the 
contagium derived from a human source. In the present 
Report we have an account of an extensive outbreak of 
scarlet fever in the north of London at the end of last 

and the beginning of the present year amongst the con- 

sumers of milk derived from a particular farm at Hendon. 
The first part of the Report of the Medical Officer con- 
tains an account by Mr. W. H. Power, Inspector to the 

Medical Department of the Local Government Board, of 

an investigation into this outbreak, and the evidence 
brought forward by Mr, Power is absolute and conclusive : 

it proves by a chain of circumstantial evidence as com- 
plete as can be wished, that this particular outbreak of 
scarlatina was transmitted by milk which could not have 

been previously contaminated from a human source. 
Moreover, Mr. Power proves that certain milch cows 

recently added to the dairy and affected with a particular 

malady were the source from which the contagium had 
been derived ; further, that as this malady once intro- 
duced by a few cows into the dairy spread to other 
milch cows, so the amount of milk containing the con- 
tagium, and also the number of cases of scarlatina 
amongst the consumers, increased, and as the milk-supply 
was discontinued so the spread of scarlet fever abated. 

The malady with which the cows were affected consisted 

chiefly in a particular kind of ulceration of the teats and 
udder, and perhaps some slight cutaneous disorder. As 

regards the general health, the feeding and milking capa- 
city, the cows seemed to present very little alteration. 

The second part of the Report contains an account, by 

Dr. Klein, of the minute pathology and etiology of this 
cow disease. In the first place, Dr. Klein ascertained 

that the local disease on the teats and udder is inoculable 
in its specific characters into healthy calves; secondly, 
that the cows affected with the local disease of the udder 
and teats were at the same time affected with a disease 
of the viscera, as proved by the Jost-mortem examination, 

in many respects similar to a mild form of scarlet fever 
in the human subject. 
From the ulcers of the cow Dr. Klein isolated by 

cultivation a streptococcus or chain-micrococcus, pos- 
sessed of distinct and special characters, both as to 
morphology and mode of growth in various nutritive 
media, particularly in milk: in this latter it grows in a 
peculiar manner, and very luxuriantly. With artificial 
cultures of this streptococcus a disease was produced in 
calyes by subcutaneous inoculation which bears a striking 
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resemblance to scarlet fever in man. ‘The conclusion is 

thus forced on us that this streptococcus is identical with 
the materies morbi; further, that the scarlatina pro- 

duced in the human subject by the consumption of milk 
from the Hendon farm was an experiment, carried out on 

a large scale, of infection with a cultivation in milk of the 

above streptococcus; and lastly, that the milk of the 

cows affected with the specific ulcers of the teats and 
udders became charged with the contagium by the hands 
of the milker during the act of milking. Although there 
are many details still wanting to complete the research, 

particularly those regarding the transmissibility of scarla- 

tina from the human subject to the cow, there is sufficient 
evidence at hand already to warrant the hope that bya 

proper and effectual mode of superintending milk-farms 

it will be possible to considerably limit this dire scourge. 
A suggestion that at once presents itself is this: granted 

that the above-mentioned streptococcus is the real cause 

of the malady, there is no reason to doubt that boiling the 
milk would effectually destroy its life and infective power, 

just as is the case with all micrococci. True, the danger 

to contract scarlatina would hereby not be altogether 
annihilated, since cream cannot thus be disinfected, and 
since scarlet fever can unquestionably be contracted from 
a human source, but it must be obvious from this con- 

clusive Report that milk fer se coming from an infected 
cow plays a considerable 7é/e in conveying scarlatina 

from the cow to the human subject. 

OILS AND VARNISHES 

Oils, Resins, and Varnishes. Edited by James Cameron, 
F.I.C. (London: J. and A. Churchill, 1886 ) 

HIS work, according to the preface, is intended to be 
“4 hand-book useful to all interested in oils and 

varnishes, and especially to analysts, pharmacists, manu- 

facturers, and technological students.” The editor further 
states that in preparing this volume he used the informa- 

tion in Cooley’s “ Cyclopedia,” which he has “ supple- 
mented from the latest publications.” The modern litera- 

ture of oils and varnishes exists chiefly in the form of 
workshop recipes, in trade journals, technological diction- 

aries and pharmaceutical publications, and if anybody 
ever wanted to know anything about the useful and 

heterogeneous products comprised under these terms he 

not unfrequently found it necessary to waste a good deal 
of time in hunting up the required information. This last 
addition to Messrs. Churchill’s Technological Hand-books 

will therefore be valuable to those engaged in several 

distinct branches of industry, and the editor has certainly 

displayed considerable judgment in the selection and 
arrangement of the scattered materials which he has 

brought together in this little volume of some 370 pages 

in length. 
Chemically speaking the word “oil” has no precise 

meaning. It seems in fact that an oil may be anything 

that is not water, since we have oils among such distinct 

families of organic compounds as the alcohols, acids, 

aldehydes, hydrocarbons, &c. ‘Thus in Chapter I., on 

the “Chemistry of Oils,” these compounds are in the 

first place classed under the usual heads of “fixed” and 

“volatile.” Animal and vegetable fixed oils being gene- 

rally ethereal salts of glycerol and acids of the fatty and 
L 
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oleic series, we have in this chapter brief descriptions of 

glycerol (nitroglycerol and dynamite), the fatty acids from 
butyric upwards, and the acrylic series from oleic acid 

upwards. The descriptions of the acids are concisely 
given, and their occurrence, preparation, and physical 

properties briefly described. Of the chemistry of the 
higher homologues of the acids of these series but little 
is known, and the name of the acid which heads each 
paragraph is simply followed by its empirical formula. 
This treatment is all that is necessary in such a work as 
the present, but it will certainly occur to the more 
advanced chemical readers that a very wide field of inves- 
tigation is offered to those who interest themselves with 
the question of isomerism among these complicated com- 

pounds. Considering the cheapness and abundance of 
the commoner animal and vegetable oils in daily use it 
does appear somewhat remarkable that more work has 
not been bestowed upon them by scientific chemists, and 
that the information which we have concerning them 

should be almost confined to their commercial testing 

and valuation. 

Animal oils, fixed and volatile, are described in the 

second chapter, the former being divided into animal oils 

proper (butter-fat, lard, neat’s foot, tallow, &c.), fish oils | 
(cod-liver, seal, sperm, whale, &c.), and insect oils (niin, 

ant-grease, &c.). Among the volatile oils of this class we 

have bone-oil, castoreum, and civet oils (animal), and 

ambergris (fish). The third and fourth chapters are 

devoted to vegetable oils, a list of 19 drying and 23 non- 
drying oils being given. Linseed and olive oils, the most 
important members of this group, naturally claim the 

largest amount of space, and the technology of these pro- 

ducts is well treated of. The volatile vegetable oils are 
very fully dealt with, no less than 56 pages being devoted 
to their consideration. After a description of the various 

methods of extraction by distillation, solvents, &c., the 

oils themselves are described individually according to 

their vegetable sources, the botanical names of the class 
and order being followed by a descriptive list of the oils 
obtained from each group of plants. Thus under Auran- 
tiacee we have the oils of bergamot, cedrat, citron, 

lemons, limes, neroli, and orange ; under Caryophyllacee, 

cajeput and clove oils, and so forth. 
In the fifth chapter, empyreumatic, medicated, mixed, 

and perfumery oils are treated of. We give a specimen of 
the editor’s conscientiousness in his description of medi- 

cated oils:—“ EARTHWORM OIL. Syn. Oleum lumbri- 

corum(E. Ph. 1744). Washed earthworms, } |b. ; olive oil 

1} pint; white wine, 3 pint. Boil gently till the wine is 
consumed, and press and strain.” We are not informed 

what special merit is possessed by this gruesome con- 
coction, but it was no doubt applied in good faith in the 

last century. Under “mixed oils” will be found a col- 
lection of strange mixtures, some of which might have 

formed ingredients in that “charm of powerful trouble ” 
brewed by the witches in Macbeth. The familiar “nine 

oils” of the past generation of housewives, and even 
furniture oil, find place herein, together with some three 

dozen others. Chapter VI. contains an account of waxes, 
which are classed as animal, vegetable, and artificial, a 

useful method of distinguishing these substances by their 

behaviour with chloroform concluding the section. 
The seventh chapter, a somewhat lengthy one, is 

devoted to mineral oils, viz. those obtained by the distilla- 
tion of shales, coal, lignite, and peat, and those found 
naturally formed in various parts of the world. The 
treatment of coal-tar and the petroleum industries are 
well described, and the chapter concludes with sections 
on the storage of petroleum and the construction of petro- 
leum lamps. Oil refining is treated of in the eighth 

chapter, which is a short one—almost too short consider- 

ing the large number of processes which are now or have 

been formerly in use. The methods for refining tallow, 

wax, petroleum, and resin oil are included in this chapter, 

besides the purification and bleaching of animal and 
vegetable oils proper. 

The longest chapter in the book is the ninth, which 

extends to 109 pages, and is devoted to the important 

subject of the testing of oils. This chapter is certainly a 
good one, both for thoroughness and the arrangement of 

its contents. Thus the testing of an oil may have for its 

object, the determination of purity, the lubricating effi- 
ciency, or the illuminating value. The purity may be 
ascertained by chemical or physical tests, both of which 
methods are very fully and lucidly treated of for each 

class of oils. Among physical tests are described the 
various methods of determining the specific gravity and 
melting point, cohesion figures, &c. The descriptions of 

the latter, which are quoted from a paper by Miss Crane, 
would have been of more value if figures had been given. 
The chemical tests, qualitative and quantitative, are given 
with great completeness. A figure of Abel’s petroleum 

tester and the method of using it as prescribed by the 
Act of Parliament finds place in this section. For testing 
the lubricating value the machines of Stapfer, Thurston, 
and Bailey are described and figured; for viscosity the 
apparatus devised by Lamansky, and by Townson and 

Mercer; and for fluidity the apparatus of Bailey is also 
described and figured. The section on illuminating effi- 
ciency is not so full, and might be advantageously 

expanded in a future edition. 
Chapter X. is devoted to resins and varnishes, and the 

last chapter contains descriptions of Mills’ bromine ab- 
sorption process and Hirscholm’s method of testing 

resins. The appendix contains some useful tables of 
prices, of the amount and value of the export of seed oils 
during 1882, 1883, and 1884, and of the production of 

shale oil in the United Kingdom during the last five 

years. 
From the foregoing epitome of the contents it will be 

seen that the volume, although a small one, gives a most 
comprehensive view of the subject of which it treats, and 

the amount cf useful information which has been con- 
densed into this small compass is mainly due to the 

concise mode of treatment which the editor has adopted. 
We can certainly recommend it to those for whom it is 

written. R. MELDOLA 

HARTLAUB ON THE MANATEES 

Bettrage zur Kenntniss der Manatus-Arten. Von Dr. 

Clemens Hartlaub (Bremen). Separatabdruck a.d. 
Zoologischen Fahrbiichern, Band I. (1886.) 

ACs other interesting articles with which Dr. 
Spengel’s new zoological journal has commenced 

its career is one by Dr. Clemens Hartlaub (son of the 

a ri i, Oh nt ee a ne Cl 
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veteran ornithologist of the same name) which deserves 
special attention, as devoted toa somewhat neglected and 

imperfectly known group of the class of mammals—the 

Manatees or “sea-cows,”as they are popularly called, 

The Manatees constitute, as is well known, one of the 

three modern representatives of the formerly more ex- 
tensive order of Sirenians, or ‘“ Herbivorous Cetaceans,” 

as they are sometimes, though not very correctly, de- 
nominated ; for it is doubtful whether they have any near 
relationship to the true Whales. One of these three 
forms—the Rhytina stelleri—is already extinct ; the other 
two—the Manatee and Dugong—are rapidly diminishing 
in numbers before the advancing tide of civilisation, and 

it is highly desirable that full details of their structure 
and habits should be obtained and recorded before they 

are “improved” off the face of the earth. 
Dr. Hartlaub, having examined the skulls and other 

specimens of Manatees preserved in the various museums 
of the Continent, presents us with a vésaszé of his investi- 
gations in two well-ordered and well-illustrated essays. 
In the first of these he describes the skull of the African 
Manatee (Manatus senegalensis), and compares it bone 
by bone with that of the American JZ. /atirostris, fully 
establishing the specific difference of the two forms, 
which has been doubted even by some of our most recent 
and best authorities.1 In the second memoir he describes 
for the first time the skull of the South American Maza- 

tus tnunguis,a species absolutely ignored by the great 
majority of naturalists, and shows its distinctness from 

M. lativostris. 

It is hardly necessary even to recapitulate the points of 
difference between these three forms of Manatees, which 
Dr. Hartlaub has given at full length in these memoirs, 

and which seem to be sufficiently obvious on reference 
to his well-drawn figures. But a few words may be added 

on the geographical distribution of the three living Mana- 
tees, so far as this is at present known to us. 

The African Manatee inhabits the west coast of that 

continent from the Senegal down to the Quanza, and 
penetrates up the larger rivers far into the interior. In 
the Senegal it has been recorded by Adanson, in the 

rivers of Liberia by Biittikofer, in the Niger and Benué 

by Barth and Vogel,-in Gaboon by Du Chaillu, 

in the Lower Congo by Johnston and Pechnel-Loesche, 

and in the Quanza by Monteiro. Whether the “Charuf 
el bachr,’ or water-sheep, ascertained to exist in 
the Uelle by Schweinfurth, which is probably the same 

as the supposed Manatee found in the Shari and Lake 
Tchad by Barth and other travellers, should be referred to 
Manatus senegalensis, or is even a Manatee at all, 

remains an interesting subject for future inquiry. But it 
seems tolerably certain that some sort of Sirenian in- 

habits the inland basin of Lake Tchad, and the proba- 
bility is that it will turn out to be a AWanatus. 

In America the exact boundaries of the two species, 
Manatus latirostris and M. inunguis, cannot yet certainly 

be stated, owing to the confusion that has hitherto existed 
between these two forms. But it is certain that the 
Manatee occurs on the Atlantic coast of America from 
25° N.L. to 19° S.L., and that those of the Antilles, the 
Gulf of Mexico, and Surinam, are referable to JZ. 

* Cf. Flower, ‘‘ Catalogue of Vertebrates” in the Museum of the Royal 
College of Surgeons, part 2, p. 528, 1884. 

latirostris. On the other hand, JZ. znunguzs is only 
certainly known from the Amazons and its tributaries, 

where it was first discovered by Natterer. Dr. Hartlaub 
is inclined to believe that the Manatee of the coast and 

rivers of South-East Brazil must be likewise M7. znunguzs, 

but this does not seem to be probable. It is more likely, 
we think, to turn out that one species is found all along 
the Atlantic sea-board, penetrating only slightly up the 
rivers, while the other is confined to the interior, and is a 

purely fresh-water species. 

OUR BOOK SHELF 

Infant-School Management. By Sarah J. Hale. 
don: Stanford, 1886.) 

THIS is one of the best books on infant-school 
management that we have seen; the authoress 
knows exactly the kind of information infants can most 
readily assimilate, and how best to impart it; while on 
the other hand she is fully aware how dangerous and 
worse than useless the forcing process is. 

The second part of the book consists of sketches of 
lessons in natural history, natural phenomena, food- 
plants, and common objects; and if science is to be 
taught in all our infant schools in the manner our 
authoress suggests, we may look forward to a largely 
increased taste for science in the rising generation. 

Here is an extract from the introduction to the 
second part showing the method of teaching which 
she recommends :— 

“In every case the teacher must bring plenty of 
illustration to bear upon the lesson. In natural history 
the real azimal or a good picture, and if possible, some 
thing or things that it furnishes us with, as, for instance, 
the fur of the otter, the shell of the tortoise, the quills of 
the porcupine. Also the teacher should carefully provide 
herself with pictures of animals which afford strong con- 
trasts to the one with which she is dealing, as well as 
those which bear some general resemblance to it, that she 
may exercise the dscrimznative as well as the asszmzla- 
tive faculty of her pupils. In all object lessons, various 
specimens of the object should be produced for examina- 
tion and description ; the little ones themselves must do 
the main part of the latter under the teacher’s guidance, 
for these lessons are not only to enable the children to 
form new ideas, but they are also intended to train them 
in giving expression to such ideas. The teacher must 
make good use of the black-board, and should practise 
drawing objects, so that she may illustrate with facility 
and precision any particular point of her lesson which 
can be so illustrated. All the materials, pictures, dia- 
grams, &c., which the teacher provides from time to 
time, should have their place in the school museum 

(Lon- 

-ready for future needs, and the children should be en- 
couraged to bring contributions to such a museum, 
particularly such as the lessons they receive may suggest. 
Object-lesson cards, pictures, and all illustrations should. 
be carefully used, and when not in use, have their proper 
places on wall or shelf. The teacher should arrange all 
specimens in the museum, and have each addition neatly 
labelled and catalogued.” 

A Vear in Brazil. By Hastings Charles Dent, C.E., 
F.L.S., F.R.G.S. With 10 Full-page Illustrations and 
2 Maps. (London: Kegan Paul, Trench, and Co,, 
1886.) 

THIs is a very interesting account of a year’s sojourn in 
an interesting country, and although the author went out 
for a special purpose, to survey for a railway, every 
moment of his spare time was taken up in making collec- 
tions and taking notes in most of the branches of natural 
history. The scientific interest of the book is mainly 
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confined to the notes on animals, birds, reptiles, insects, 
and the parasitic torments of Brazil, notes on botany and 

on geology, together with a discussion of the theory of 
evolution and observations made on protective colouring 
and mimicry. 

With reference to the theory of evolution the author 
states that he has constantly endeavoured to oppose it, 
on the ground apparently put forward by theologians 
many years ago before they knew what the theory really 
was ; and we think that if our author will continue his 
scientific studies a little longer he will probably find that 
the arguments he uses against it are really not in point. 

By Walter 
(London : 

The Colloguial Faculty for Languages. 
Hayle Walshe, M.D. Second Edition. 
Churchill, 1886.) 

THIs is a book full of pleasant gossip round the central 
idea embodied in its title ; hence we have essays on the 
nature of genius, the conditions regulating colloquial 
faculty, and the causes of variety of colloquial faculty and 
faculty for translation. 

In the chapter on composition in foreign tongues it is 
pointed out that the man of science proves now and then 
well capable of wrestling effectively with the humorist on 
his own ground of the “tere humaniores, and gives as 
an example Herbert Spencer’s exfosé of abounding errors 
in a passage from Addison quoted by Matthew Arnold, as 
an example of classical English. 
We gather from our author that the English race is not 

the most gifted with the colloquial faculty, and a remark 
of Prince Bismarck’s is quoted that he had always found 
that an Englishman who could speak good French was a 
doubtful character. 

LETTERS TO LHE EDITOR 

{The Editor does not hold himself responsible for. opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts, No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Periodicity of Glacial Epochs 

PERMIT me to ask, as a matter of international comity in 
science, the help of my learned British colleagues in the follow- 
ing matter. 

I am just now occupied upon a work treating upon the 
periodicity of glacial epochs, a question which has already been 
broached by me in previous writings several years ago. The 
cause of this phenomenon being attributed by the astronomers, as 
well as by the majority of geologists, to the displacement of 
the perihelion, whose cycle is 21,000 years, it follows that, ac- 
cording to the actual position of this point, the ice now covering 
the Antarctic regions had its maximum of intensity at about the 
year £250 of our era. For the same reason, the ice of the 
boreal hemisphere must have offered at this same epoch its 
minimum of intensity. Consequently the latter must have been 
increasing since the close of the thirteenth century, while the 
former must have been receding. The researches of European 
geologists must have shown a marked extension of the glaciers 
of Spitzbergen, Greenland, &c., since the beginning of the 
fourteenth century, and a recession of vegetation from the lati- 
tude of Sicily to the Polar Circle. But we in France are not 
informed of what has happened in the southern hemisphere since 
the arrival of the first navigators. I would therefore, in the 
name of science, beg of any British officers, consuls, or scientific 
observers who are, or may have been, collecting facts at stations 
near the South Pole, in Patagonia, New Zealand, Tasmania, 
and elsewhere, to communicate to me directly, or through your 
colamns, any information they may have upon this subject. I 
wish to know whether, since the first arrival of Europeans in 
those regions, the ice field has shown a recessive movement, 
accompanied by an inverse tendency of vegetation. 

Tarascon, Ariége, June 27 ADOLPHE D’ASSIER 

Evidence of Man and Pleistocene Animals in North 
Wales prior to Glacial Deposits 

SOME of the results recently obtained during the researches 
carried on at the Tremeirchion caves under the superintendence 
of Mr. E. Bouverie Luxmoore and myself, seem to me of so 
much importance that I have thought it advisable to communi- 
cate them, in anticipation of the full report which will be pre- { 
sented to the British Association, especially as an important 
section is now exposed, and may be examined by any one de- d 
siring to do so, which will probably have to be covered before 
the end of the summer.? 

In continuing our explorations this year, by means of a grant 
from the British Association, we found that the Cae Gwyn 
Cave (described in my paper in the Quart. Fourn. Geolog. Soc. 
for February last) had come to an abrupt termination in a 
plateau of Glacial deposits. On further examination it was 
found that this must have been the main entrance into the — 
cavern when it was occupied by the Pleistocene animals, and 
that the Glacial beds in and upon it must have been deposited 
subsequent to the occupation by the animals. As in the other 
parts of the cavern, the cave-earth at the entrance—a brown 
sandy clay, contained fragments of a stalagmite floor and of . 
stalactites along with angular fragments of limestone. The 
bones also occurred at all angles, showing that the contents had : 
been greatly disturbed by water action. The bone earth was 
covered over at the entrance and for some distance inwards by 
a few feet of stratified sand, containing well-scratched boulders, 
and it, as well as the sand, was traced for a distance of fully 
6 feet beyond the entrance under the series of Glacial deposits, 
shown in the section. 

In digging outside the entrance, the floor of which is 20 feet 
below the surface of the field, it was soon found that we could 
not extend our researches outwards, owing to the nature of the 
lower deposits, chiefly sands and gravels, without making an 
opening into the field. By the kindness of the owner, Mr, 
Edwin Morgan, a shaft was allowed to be dug in front of the 
opening, about 9 feet across at the surface and over 5 feet at the 
bottom. This shaft was subsequently widened at the bottom, 
in consequence of some falls, and the lower part, except atone 
point, had to be carefully faced with timber. The upper part of 
the shaft is now much widened and sloped. To make it certain 
that the Glacial deposits are continuous from the shaft in a west- 
erly direction, I had the beds probed at different points for a | 
distance of about 70 feet ; and subsequent examination showed 
clearly that there is here an extensive terrace of drift reaching to 
heights of between 400 and 500 feet above Ordnance datum. 
The section was carefully taken at two different points in the 
shaft by Mr. C. E. de Rance, F.G.S., of the Geological Survey, 
and myself, and in doing so we found well-scratched boulders 
in each of the deposits. Aniong the boulders found are granites, 
quartzites, flint, felstones, diorites, volcanic ash, Silurian rocks, 
and limestone. Silurian rocks are mo-t abundant. It is clear 
that we have here some rocks from northern sources along with 
those from the Welsh hills, and the manner in which the lime- 
stone at the entrance to the cavern is smoothed from the north — 
would indicate that to be the main direction of the flow. A 
small but well-worked flint flake was dug up from the bone earth — 
on the south side of the entrance on June 28, in the presence of 
Mr. G. H. Morton, F.G.S., of Liverpool, and myself. Its posi- 
tion was about 18 inches below the lowest bed of sand. Several 
teeth of hyzena and reindeer, as well as fragments of bone, were 
found at the same place, and at other points in the shaft teeth of 
rhinoceros and a fragment of a mammoth’s tooth. One rhino- 
ceros tooth was found at the extreme point examined, about 
6 feet beyond and directly in front of the entrance. It seems 
clear that the contents of the cavern must have been washed out 
by marine action during the great submergence in mid-Glacial 
time, and that they were afterwards coyered by marine sands and 
by an upper boulder-clay, identical in character with that found 
at many points in the Vale of Clwyd, and in other places on the 
North Wales coast. ] 

The facts obtained seem to me to prove conclusively that man. 
and the Pleistocene animals must have lived in parts of the 
North Wales area, and have occupied some of the caverns, before 
the period of the great submergence indicated by the Moel 
Tryfaen and other high-level sands; hence certainly before the 
Upper Boulder-Clay was deposited. Henry Hicks 

* Tremeirchion is about four miles from St. Asaph, and less than two 
miles from Bodfari Station on the Chester Mold, and Denbigh line. 
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Ampere’s Rule 

BEGINNERS are certainly, as Herr Daehne says (NATURE, 
June 24, p. 168), liable to get a little “‘ mixed” in reference to 
the above mem. technica ; chiefly, I think, for want of some idea 
sufficiently prominent to fix itself on the mind to the exclusion 
of others. 

T have found the following slight modification of the original 
rule pretty easily remembered and applied, 

It may be taken as agreed— 
(1) That the Aead is more important (‘‘ more worthy,” as the 

old grammars put it) than the cer. 
No one except an acephalous mollusk will deny this ; and 7 

is not a fair judge. 
(2) That the 77gA¢ hand is more important than the left hand. 
The left-handed people are a mere minority (and a nuisance 

at cricket) ; and minorities are, according to modern Radical 
ideas, ‘‘ une quantité négligeable.” 

3. That the N-seeking pole is that part of the compass-needle 
to which attention is mainly directed. 
Now,—If a person places himself so as to face the needle, and 

a current goes from HEAD to foot, the N-SEEKING pole moves to 
his RIGHT hand, 

This is practically the form in which the rule is given in 
Prof. Balfour Stewart’s ‘‘Lessons in Physics.” One of the 
small articulated wooden figures used as models in drawing is 
very useful for illustrating the above rule. Its right arm may be 
stretched out sideways at right angles to the body, and it may 
then be held close to the wire in various positions ; paper arrows 
being tied to the latter, to mark direction of current. 

Eton College H. G. MADAN 

Halos 

As the atmosphere appears recently to have reassumed in a 
marked degree some of the peculiar conditions which pertained 
to it during the time of the great sun-glows, I have thought it 
worth while to send you notes from my diary of some effects 
observed by me :— 

June 14.-—Between 10 and 11 a.m. Complete solar halo of a 
coppery colour, It lasted more or less distinctly for some time, 
and gradually faded. I saw no trace of mock suns. 

June 23.—Between 10 and 10.30 p.m. there was a curious 
pearly green light in the north-north-east, and some peculiar 
pearly green clouds (?) floated from north to west. At first I 
thought this was an auroral display, but probably it was due to 
the same cause as the ‘‘ glows.” 

June 15, 23, 30, July 1, 2, and 3.—After-glows of the usual 
pinkish hue. J. H. A. JENNER 

4, East Street, Lewes, July 3 

The Microscope as a Refractometer 

I HAD no idea that the short paper you did me the honour to 
print on this subject would have led any one to stippose that a 
claim was made for the discovery of a new principle in physics, 
or that the microscope was to be used for the first time in ques- 
tions on refraction, 

In so short a space it was impossible to tell over again the tale 
of progress in this branch of physical optics, and to signalise 
every worker in the field by name. So much has already been 
done in the perfecting of optical instruments, that the utmost 
one can now hope to do is, by a slight improvement here and 
there, to render them still more serviceable. 

All that was claimed as new in my paper of June 17 was— 
(a) The use of the marked slip, structure of cell, superposed 

cover-glass. 
(8) The measurement of the linear distances between the 

images by a finely graduated ‘‘ fine adjustment ” screw. 
(y) The use of an objective of high amplifying power (a 

1/20-inch homogeneous immersion may be used if the shoulder- 
Le of the cell are made with talc, and the cover-glass very 
thin). 

It is of course possible that one or all of these details is not 
new ; but, in spite of the authorities quoted by Dr. Gladstone 
to show the previous employment of the microscope in questions 
of refraction, I still maintain their claims to novelty to be valid ; 
and, even supposing they are not new (which has yet to be 
shown), my greatest offence is that of independently arriving at 
a previously known method. And, considering the attention 
that our most eminent physicists have bestowed upon the 

subject, the wonder is that this has not more frequently been the 
case. E 

As to the efficiency of the method, the only objections urged 
against it by Dr. Gladstone are: (1) its results cannot be relied 
upon beyond the third decimal figure ; (2) the temperature of 
-the drop of fluid under examination cannot be taken. 

As to the first objection, if we take 44, #. as the tabulated in- 
dexes of refraction of two known substances, 5 as representing 
the difference of distance between the images of the marks 
viewed through them, and measured by the fine adjustment, « 
and @ the corresponding symbols for the fluid under examina- 
tion, we have the following equation to determine u :— 

And Isee no more reason to limit the exactness of this to the third 
decimal figure than in the formula used with the hollow prism. 
Moreover, if a vernier is attached to the fine adjustment the 
result may be relied upon with still greater accuracy. 

(2) As to the temperature. In the case of most fluids this 
may be taken from the bottle containing the fluid; no grave 
-scientific error will arise from the difference in temperature of a 
drop of fluid in contact with glass on the stage of the micro- 
scope and the same fluid in a glass bottle by its side. In the 
case of ethers, &c., the cell may be temporarily sealed. 

As to the practical use of the method, the opinion of so known 
an expert as Dr. Gladstone is of the greatest weight, but as any 
recognition of the novelty of my method escaped acknowledg- 
ment in his notice, I may still hope that its practical use 
escaped observation also. So thin astratum of fluid is employed 
that the index of refraction of black ink may be obtained, a 
result which would puzzle any one to arrive at who restricted 
himself to the use of the hollow prism. 

That the microscope has been previously used for experiments 
in refraction no one ever doubted; if Dr. Gladstone, before 
writing, had had the time to go step by step through my 
method, he could scarcely have refrained from acknowledging 
that in its essentials it was hitherto unpublished. 

GorpDON THOMPSON 
St. Charles’s College, Notting Hill, July 3 

The Bagshot Beds 

As you have given publication (NATURE, July I, p. 210) 
to the abstract of the paper recently read by Messrs. Monckton 
and Herries before the Geological Society, in which they assert 
that their object was to ‘‘disprove”’ the view lately propounded 
by me, as to the relation of the Bagshot Beds of the London 
Basin to the London Clay, perhaps you will kindly afford me 
space to point out to the readers of NaTuRE (1) that these 
authors have ignored, in dealing with the question, whole 
chapters of the evidence upon which my view is based—evidence 
which is continually accumulating, as two forthcoming papers 
(one in the press for the Pvoc. Geol. Assoc., the other in the 
hands of the editor of the Geo/. AZzg.) will make mani- 
fest enough; (2) that in directing their attention merely to 
sections at the outcrop of the beds they have added Ittle, 
if anything, substantially, to that on which the old view was 
based, while the lithological distinctions of the Upper and 
Lower Bagshot Beds (where the latter have been for ages under- 
going oxidation) are not sufficiently marked to furnish, in discon- 
nected sections, evidence which can be anything more than, to 
say the least, equivocal. A. IRVING 

Wellington College, Berks, July 3 

The Enemies of the Frog 

IN connection with this subject the following incident may be 
of interest to some of your readers. One day, near the kitchen 
area, an unusual noise was heard: it seemed like the mewing 
of a cat combined with a well-sustained whistle. On going to 
the spot, it was found that the noise proceeded from a cat and 
a frog, but it was difficult to decide from zwwhich of the two. 
Every time the cat touched the frog the sound was produced 
and the frog hopped away. The cat exhibited in his attitudes 
and motions a sort of enjoyment mingled with awe. He would 
just touch the frog very gently with the tips of his paws, then 
watch it most attentively, and when the frog would emit its 
peculiar loud squeak—not the usual croak—he would give a 
sudden bound, as if both sirprised and amused; but he never 
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attempted during the whole of the proceedings, which lasted 
about a quarter of an hour, to bite the frog. The frog was 
removed quite uninjured, but apparently exhausted either by 
fear or by muscular exertion. T. Martyr 

St. Joseph’s College, Clapham, S.W. 

Hybrids between the Black Grouse and the Pheasant 

In Yarrell’s ‘‘ British Birds,” 4th ed. vol. iii. p. 69 Seg., a 
number of hybrids between the cock pheasant and the gray hen 
are enumerated as having occurred in England. Being desirous 
to give a life-sized and coloured figure of such a hybrid in my 
forthcoming work on the black grouse, the capercailzie, and 
their allies, I wish to borrow a specimen for a short time, and, 
as my endeavours to procure one have so far been unsuccess- 
ful, I beg to make this known through your widely read 
journal, hoping that some fortunate possessor may be kind 
enough to communicate with me concerning his willingness to 
lend me a specimen for the said purpose. A. B. MEYER 

Royal Zoological Museum, Dresden, July 5 

THE FINSBURY TECHNICAL COLLEGE 
CONVERSAZIONE 

“HE annual conversasicne given by the students of 
the above College as the closing event of the session 

came off on Friday evening, July 2, and proved in every 
way a success. The larze number of interesting objects 
brought together for exhibition certainly speaks well for 
the activity of the various committees which were in- 
trusted with the work of organisation, and at the same 
time indicates how widely spread is the interest shown in 
the welfare of the College by the different firms of manu- 
facturers who contributed to the exhibition. The elec- 
trical department exhibited in action most of the appa- 
ratus used for educational purposes in the College. In 
this department also were exhibits of apparatus and 
models by Messrs. Woodhouse and Rawson, the Electric 
Apparatus Company, Messrs. Mayfield’s vacuum-tubes, 
and ovher electrical and physical apparatus made by this 
firm. The exhibits in the chemical department were 
especially numerous ana representative of chemical tech- 
nology in most of its branches. . In the way of apparatus 
Messrs. Cetti, of Brooke Street, exhibited barometers, 
thermometers, vacuum-tubes, &c. ; Messrs. Townson and 
Mercer showed a new carbonic acid generator, Schutzen- 
berger’s gas apparatus, filter pumps, nickel crucibles and 
basins, Pasteur flasks, inland revenue stills, Abel’s petro- 
Jeum testing apparatus, &c.; and Mr. B. Redwood lent a 
set of viscometers. Fine chemicals were exhibited by 
Messrs. Hopkin and Williams, and a splendid set of 
alkaloids and other products by Messrs. Howard of 
Stratford. Messrs. Pontifex and Wood exhibited sets of 
pigments and the materials used in their manufacture, 
Mr, C. Richardson a set of specimens illustrating the 
manufacture of cements, Mr. Ashley samples of English 
and foreign lubricating oils, and Messrs. J. and L. Cripps 
the materials and finished products representing the 
manufacture of size, glue, and gelatine. Glass manu- 
facture was represented by a set of tools and specimens 
from the Whitefriars glass-works (Messrs. Powell). 
Messrs. Field showed a fine series of waxes and other 
materials used in candle-making, and a good exhibition 
was made also by Price’s Patent Candle Company. The 
manufacture of soap was illustrated by a very complete 
set of specimens contributed from Messrs. E. Rider Cook’s 
works at Bow and by Messrs. Knight, &c. Cotton seed 
and its products were shown by Messrs. W. and W. H. 
Stead of Blackwall and Liverpool. The specimens and 
diagrams sent by Gaskell, Deacon, and Co., of Widnes, 
gave an excellent idea of the alkali manufacture in this 
country. 

The collection of coal-tar products was especially rich, 
specimens having been sent by the Badische Company, 
the Hoechst Colour Works, Messrs. Brooke, Simpson, 

and Spiller, the British Alizarine Company, and Messrs. 
Burt, Boulton, and Haywood. The latter firm exhibited 
a splendid. model of their timber creosoting plant. 
Amongst other tar products was a set of preparations of 
the new sweetening substance, saccharine, sent by Dr. 
Fahlberg. The Broadburn Oil Company showed a very 
complete set of shale products. The sugar industry was 
represented by a set of polarimeters, models and speci- 
mens, exhibited by Mr. Newiands of the Clyde Wharf 
Sugar Refinery, and by the Beetroot Sugar Association. 
In the course of the evening Prof. S. P. Thompson gave 
a lecture on waves of light, and Mr. John Castell-Evans 
discoursed on explosives. The entertainment was on the 
whole highly creditable to the College, and many of the 
firms who sent objects for exhibition have signified their 
approval by presenting their exhibits to the establishment 
as lecture specimens. 

THE RECENT DISCOVERIES AT TIRYNS*® 

hs excavations made during the last two years at 
Tiryns, by Dr. Schliemann and Dr. Dérpfeld, have’ 

thrown new light on what has been hitherto an almost 
unknown period of Greek history—that far-off time, more 
remote even than the age of the Homeric poems, when 
Hellenic civilisation had not yet emerged from its Orien- 
tal cradle, nor developed its highly cultured systems of 
social and political government out of the splendid but 
semi-barbarous tyrannies of Western Asia Minor. 1 

The literature of Greece has made us familiar with the 
later times, when the individual was for the most part 
merged in the State, and when the wealth and _ artistic 
skill of each city was devoted to public uses, such as the 
Council-chamber, the Agora, or the stately temples of the 
gods, rather than to the luxury of any one person. 

But at Tiryns a very different picture is presented to 
us: we see a single autocratic chieftain, ruling in a sort 
of feudal state, and occupying a magnificent palace, 
surrounded by the humbler dwellings of his circle of re- 
tainers ; while, instead of the utmost resources of the 
architect, the sculptor, and the painter being lavished on 
the shrine of the presiding deity, a mere open-air altar a 
dedicated to the god, and it is the chieftain’s house which’ 
is decked out with the splendours of gilt bronze, marble 
sculpture, and painted walls. 

The rock in the marshy plains of Argolis, on which 
stands the citadel of Tiryns, is about three miles distant 
from the Gulf of Nauplia, and commands an extensive 
view reaching from Argos, with its rich olive-groves, to 
Mycenze on its lofty crags, and, between the two, the 
once prosperous sea-port of Nauplia, by the blue waters 
of its sheltered bay. 

The massive fortification wall which surrounds the 
Tirynthian Rock was an object of wonder and admiration 
in the earliest historic times of Greece: its enormous 
stones keenly aroused the Greek imagination, and created 
legends which attributed them to mysterious Cyclopean 
builders, and peopled the walls with the demi-gods of the 
heroic age, such as Perseus and Heracles, whose early 
youth was fabled to have been spent in the Tirynthian 
city—the Tipuvs tecyioeraa of Homer's “Iliad.” This won-- 
derful wall, some stones of which are no less than ri feet 
long and 4 feet thick, was originally nearly 50 feet high” 
at its loftiest part, measuring from its base outside: 
inside the city the height was very much less, as its 
lower part acted as a retaining wall, which kept up the 
loose earth which formed a level interior surface above 
the irregular contour of the rock. a. 

The southern part of the Acropolis wall, where it in- _ 
closes the great palace, is a very complicated structure, 

* “The Prehistoric Palace of the Kings of Tiryns.” The results of 
the latest excavations, by Dr. Henry Schliemann. The preface by Prof. 
F. Adler, and contributions by Dr. Wm. Dérpfeld. With 188 woodcuts, 24 
plates in chromolithography, 1 map, and 4 Plans. (London: John Murray, 
1886). . 
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containing long rows of small vaulted chambers averaging 
about 14 feet by 12, all opening into a long vaulted 
passage, the whole formed in the thickness of the wall 
itself, which at some places consists of nearly 4o feet of 
masonry. Two stories of these chambers existed, one 
above the other: the lower story is of solid stone 
masonry, built of large hammer-dressed blocks, bedded in 
clay cement. The upper tier of chambers was built of 
sun-baked bricks, like the upper part of the wall round 
Athens, carefully protected from the weather by coatings 
of very hard durable stucco. This top story of rooms 
opened into a long open /eggza or colonnade, with a flat 
roof supported by a range of wooden columns, each on a 
stone footing block. 
The columns themselves are of course no longer in 

existence, but their size and positions are clearly shown 

Scale of Yards 
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PLAN OF THE PALACE MEASURED BY Dr. D6RPFELD. 

1, Main gate in outer wall; 2, inner gate; 3, main propylaum; 4. inner 
propylzum ; 5, court of the men with surrounding cloister, 6, aithousa, 
or portico ; 7, prodcmos, or vestibule ; 8, men’s hall; 9, bath room and 
small chambers ; 10, chambers rourd the court ; rr, guard-room by the 
Fropylezum ; 12, passage from propyleum to the women’s part; 13, 73, 
courts of the women; 14, women’s hall; 15, chambers of the women’s 
part ; 16, 16, passage from the women’s part to the outer fostern; 17, 
postern door, approached by rock-cut steps ; 18, outer wall of Acropolis ; 
19, inner wall of entrance passage ; 20, outer wall with rows of chambers ; 
21, side entrance to men’s court. 

by the stone base on which each stood. These extensive 
series of chambers in the wall of Tiryns served, no doubt, 
to accommodate the garrison of the place—exactly as 
was the case in the Pheenician cities of Thapsus and 
Carthage. The enormous number of 24,00c men are 
said to have had lodging in the walls of the Carthaginian 
Acropolis (Appianus of Alexandria, “ Hist. Rom,” i. 
p- 220), and recent discoveries have shown that this 
statement may very possibly have been no exaggeration. 

More than a third of the whole Acropolis of Tiryns 
was occupied by the palace of its ruler—a very compli- 
cated building designed with much architectural skill, 
and showing complete uniformity of design combined 
with very distinct adaptation to a clearly defined 
purpose. 
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With the exception of three very narrow posterns, 
there is only one entrance into the citadel ; and this is very 
skilfully contrived so as to make its defence as easy as 
possible. 

After breaking through the outer gate, which was com- 
manded by a tower on the right or unshielded side of the 
enemy, the assailants would have found themselves in a 
narrow passage with massive walls on both sides, and 
strong inner gates at each end; and in this cramped 
space would be subjected to a heavy fire of missiles 
poured down upon them fron all sides. 

After passing the inner gate in a southern direction, a 
handsome propyleeum or porch was reached: this was 
decorated on both sides by a portico of two columns zz 
antis, and is very similar in plan to the propylzum of the 
sacred inclosure at Eleusis—a work of the fifth century 
B.C. (See the accompanying woodcut of the plan.) 

After passing through an open court, a second propy- 
leeum of similar design was reached, and then the visitor 
found himself in the cloistered court of the men’s part of 
the palace. In the central open space stands the altar to 
Zeus Herkeios, which is frequently named in the Homeric 
poems, built over a small pit cut in the rock, into which 
would fall the blood and ashes from the burnt offering on 
the altar above. Opposite the entrance to the court is 
the great hall or Megaron (about 4o feet by 32), ap- 
proached through an open-columned portico and an inner 
vestibule. The roof of the hall was partly supported on 
four wooden columns, which appear to have carried an 
open “lantern,” formed to carry off the smoke from the 
fire, which burnt on a round hearth in the middle of the 
room ; very much as was the case in the hall of a medi- 
zval house or college. 

On the west side of the hall of the men are a number 
of small chambers—probably the sleeping-apartments of 
the bachelor members of the family. One small room, 
about 12 feet by 10, is of extraordinary interest. It is 
evidently a bath-room ; its floor is formed of one enor- 
mous slab of stone, carefully chiselled so as to drain out 
at one point where a stone drain-pipe is carried through 
the wall, and so into the main drain of the house. 

The bath itself, in size and form very like a modern 
one, was of terra-cotta decorated with a spiral ornament 
in red. 

The walls of the bath-room were lined with wooden 
planks about 1o inches wide; their lower ends were 
fastened by wooden dowels to the stone flooring block, 
the edge of which all round the room is raised slightly 
where the wood wall-lining rested on it: evidently in 
order that water splashed on the stone floor might not 
soak under the wood lining ; a piece of refinement which 
shows much thought and labour spent on matters of 
detail. , 

The eastern half of the palace consists of the apart- 
ments reserved for the women and the married members 
of the chief’s family. This also has a hall with a central 
hearth, and isapproached through a single vestibule from 
another open court. The smaller rooms, of which there 
are a great many, onthis side appear to have been two 
stories high: traces of the staircase still exist. 
Though a separate group of apartments appears to 

have been provided for the women, yet they were by no 
means shut off from ready access either to the outer world, 
or to the men’s part of the house. There are at least 
three ways by which the wcmen’s rooms could be reached : 
one from the side of the outer propyleum, another 
through the court of the men, and lastly a long passage 
leads round the back of the men’s hall to the long flight 
of rock-cut steps leading down to the postern in the semi- 
circular bastion. Another door at a higher level gave 
direct communication between the hall of the men and 
the apartments of the women. 

The walls of this palace were built of roughly-dressed 
stone bedded in clay up toa height of about 2 feet above 
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the ground: the rest of the wall was of sun-dried brick ; 
the whole was then covered inside and out with three 
coats of stucco made of lime mixed with sand, gravel, and 
broken pottery, a mixture which set nearly as hard as 
stone, and must have been a most perfect protection even 
m the stormiest weather. Finally, where the stucco was 
to be painted a thin coat of pure lime was applied asa 
ground for the colours, which consisted of red, yellow, 
and brown ochres, with charcoal-black and lime-white ; 
and lastly, blue and green sa/t/ or pigments, made of 
powdered glass. All these colours were of the most 
durable sort, and could be applied, as appears to have 
been done at Tiryns, on freshly-laid stucco—true fresco. 

The painted decorations are of the very highest interest, 
and very characteristic examples of primitive art, which 
show strong traces of Egyptian or Phcenician influence. 
Some of these wall-paintings are evidently copied from 
textile patterns, and, though rudely executed, have much 
true decorative value. Woven stuffs such as were made 
in Egypt are imitated by the painter, and even the fringes 
are carefully copied. Other pictures, of which only frag- 
ments remain, had large figures of animals or men with 
wide-spreading wings, the feathers of which are painted 
in alternating colours in a very brilliant and skilful way. 
These show strong signs of Phoenician influence. The 
most remarkable and best preserved of all is a picture of 
a bull galloping at full speed, on whose back a man is 
riding in an acrobatic sort of way, holding on by one of 
the bull’s horns. The whole is painted with much vigour, 
and with a rapid sweeping touch of the brush, which 
shows considerable practice and skill on the part of the 
painter. 

Some parts of the palace were evidently decorated in a 
much more magnificent and costly way—that is, the walls 
were lined with wooden boarding, and on this were nailed 
plates of gilt bronze beaten into vepoussé reliefs—very 
similar probably in style to the ninth century gates of 
Shalmaneser II., now in the British Museum, and other 
bronze reliefs found at Olympia. Many small fragments 
of these gilt metal linings were found in the burnt debris 
of the palace; and there is little doubt that the wooden 
columns in the hall and its portico must once have been 
cased with similar metal sheathing: very like the bronze- 
cased wooden column which was found some years ago 
among the ruins of Khorsabad. 

Nothing could exceed the splendour of this mode of 
wall-decoration—the whole surface enriched with its 
gleaming reliefs would appear one mass of shining gold, 
and we know now that the gold and silver walls of the 
Homeric palace of Alcinous were not merely the offspring 
of a poet’s fancy. Fragments were discovered by Dr. 
Dorpfeld of another extremely sumptuous method of 
architectural decoration—a frieze about 20 inches deep 
sculptured in alabaster with a rich and minutely worked 
pattern of rosettes and geometrically treated flowers, 
thickly studded with carefully cut bits of jewel-like trans- 
parent blue paste or glass. ‘The effect of these deep-blue 
jewels flashing light from the contrasting creamy white of 
the alabaster must have given a most striking effect to 
the room which was adorned in so costly a way, especially 
if the wall below the frieze were one of those which were 
coated with the gold reliefs. 

Nor was the colour confined to the walls: even the 
floors were decorated with simple patterns in brilliant 
blue and red, applied after the design had been indicated 
by lines incised on the surface. These floors were made 
of strong lime and gravel concrete carefully laid in three 
or four layers, each of finer material than the one below 
—a method exactly similar to that described by Vitruvius 
and used so skilfully by the Roman builders. 

A very interesting point about the Tirynthian palace 
is its very careful method of drainage, partly with neatly 
fitted clay drain-pipes, and partly with large culverts built 
of rough stone and puddled inside with clay: this latter 

form was used for the main drains, while the branches 
which led to it were of pipes square in section, each 
length of clay pipe being narrowed at one end so as to 
fit closely into the next. All the open courts were well 
paved with concrete, which was laid so as to fall to a sur- 
face-gully, down which the rain-water passed, first through 
a clay pipe, then into the main stone drain, and so into 
a series of cisterns, where it was stored for use during a 
siege. 

Much manual skill and great variety of tools were used 
by the masons who worked the stones for this building. 
Pointed hammers were used for the rough work, and 
chisels for the ashlar stone: the large thresholds of the 
various doorways were cut with a saw, with which emery 
must have been used, as its marks show that each stroke 
of the saw cut a considerable depth into the stone. Hol- 
low drills set with some kind of hard jewel were also used 
here: in many of the drill-holes used to fix the pegs or 
dowels of the wood-work above, the stone stump of the 
core still exists, showing that a tubular, and not a solid, 
drill was used. Some of the large quoins or angle blocks 
were quarried thus—four drill-holes were sunk at-the four 
corners of the future block, and then saw-cuts were made 
from hole to hole. 

This use of tubular jewelled drills, which has recently 
been introduced with such effect into modern methods of 
engineering, dates from a very early period. As Mr. 
Flinders Petrie has pointed out, jewelled drills, both solid 
and tubular, were used in Egypt as early as 4000 years 
before Christ, especially in the working of the very re- 
fractory granites, basalts, and porphyries, which no 
unaided metal tools could possibly have cut. That jewels lle : ‘ 

| fixed in the rim of the metal tube were used, and not 
merely loose corundum or emery-powder, is shown by the 
fact that the scratch from a single projecting jewel can 
often be traced continuously round the spiral markings 
on the insides of the drill-holes. 

It is not, however, only the mere technical details of 
the workmanship of this Tirynthian palace that bear 
strong witness to its early date, but also the methods of 
construction—the walls of sun-baked bricks set on a foot- 
ing of stuccoed rubble, the use of wood instead of stone 
for the columns, and the magnificence of the walls lined 
with plates of bronze, vefoussé and gilt. 

Finally, nothing can be clearer than the evidence sup- 
plied by the semi-Oriental style of the wall-paintings, and 
the distinctly archaic character of the delicately sculp- 
tured alabaster frieze, studded with gem-like pieces of 
blue xvavos—exactly as was once the case with the 
central row of spirals in the well-known architrave from 
the doorway of the “ Treasury of Atreus” in the British 
Museum, the remote antiquity of which is disputed by 
no one. In fact the methods of execution, the system of 
its construction, and the style of its decoration all com- 
bine to show that we owe to Dr. Schliemann and Dr. 
Dorpfeld the discovery of an almost new phase of pre- 
historic Greek art. J. H. M. 

ON VARIATIONS OF THE CLIMATE IN THE 
COURSE OF TIME? 

F we examine the meteorological charts of Norway we 
observe at once what a great influence the sea and 

the mountains exercise over the climate in various parts. 
Nearly all the climatological lines run more or less with 
the shape of the coast, so that we encounter far greater 
variation when proceeding from the centre coastwards 

t The following is a short abstract from various papers, viz. : ‘‘ Essay on 
the Immigration of the Norwegian Flora during Alternating Rainy and Dry 
Periods "’ (Christiania, 1876). _‘‘ Die Theorie der wechselnden kontinentalen 
und insularen Klimate,”’ in Engler’s Botanische ¥ahrbiicher, ii. (Leipzig, 
1881). “* Ueber Wechsellagerung und deren mutmassliche Bedeutung fiir die 
Zeitrechnung der Geologie und fiir die Lehre yon der Veranderung der 
Arten,”’ in Biologisches Centralblatt, iii. (Erlangen, 1883). ‘‘ Ueber die 
wahrscheinliche Ursache der periodischen Ver-inderungen in der Stirke der 
Meeresstré6mungen”’ /.c. iv. (Erlangen, 1884). 
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than from south to north. In keeping with the same are 
the variations of the flora. 

The plants of Norway may be divided into certain 
groups of species, the species belonging to the same 
group having a somewhat similar extension, whilst each 
of these groups of species is confined to special climato- 
logical conditions, and is only found in those parts where 
such prevail. The Norwegian flora is in the main mono- 
tonous. On the mountains large areas are covered with 
only a few lichens, mosses, and heather, or copses of 
dwarf birch, juniper, and willows ; lower down the forests 
are formed of birch, fir, and spruce, and have a monoto- 
nous flora, viz., heather and lichen in the fir forests, 
“blue” berries and a few kinds of moss in the spruce 
forests, whilst the west coast is covered with heather, 
and the numerous marshes with a vegetation, poor in 
species, of a few mosses and Carices. 

But in spite of this general monotony of the flora of 
the mountain wastes, with their grayish-yellow lichens, 
grayish-green and green copses of willows or dwarf 
birch, there are certain places, particularly on slaty ground, 
where a rich vegetation may be found. It consists of 
small perennial plants some inches in height, and which 
are particularly distinguished by their copiousness of 
flowers, which are very large in proportion to the size of 
the plant, and have very pure and lovely colours. Outside 
Norway we also encounter these plants in Arctic regions, 
and the Alpine flora of these slaty tracts is therefore of 
Arctic character. But not allslate mountains have such 
a varying flora. 
the mild winters, when the temperature frequently changes, 
destructive to these plants, which shoot at a very low 
degree of heat. It is for this reason that, when we mark 
those places on the map which have a rich Alpine flora, | 
they lie scattered as oases over the land with great | 
spaces between them, but always sheltered from the sea- 
winds, z.e. on the east or north-east side of the highest 
mountains and greatest glaciers, which act as barriers 
against the mild climate of the coast. In these places 
the botanist may fancy himself transferred to Spitzbergen 
or North Greenland ; he finds the principal plants en- 
countered there, and if we follow the Arctic flora to 
Spitzbergen we find that here also it shuns the sea, and 
is most copious in the bottom of the fjords. 

In the lower districts, sheltered from the open sea, we 
find in favourable spots another group of plants which 
also shun the coast, and which thrive on loose slates and 
warm limestone cliffs, or in screes of different kinds of 
rock, under precipitous mountains, facing the sun. These 
screes are generally full of bare boulders at the bottom, 
but in the finer debris higher up grows a wreath of green 
underwood, formed of tender deciduous trees and shrubs, 
hazel, elm, lime, maple, dog-roses, Sorvdus Aria, Prunus 
avium, wild apple, &c., as well as a number of highly- 
scented Labiatz, several Papilionacez, grasses, and a 
great number of other plants, together forming that part 
of the Norwegian lowland flora which shuns the open sea- 
coast, and prefers the fjords and the sunny valleys. 
even this flora has a scattered extension. It is richest in 
-the tracts around Christiania, and becomes poorer west- 
wards along the coast, disappearing almost entirely on 
the coasts of the province of Bergen ; but at the bottom 
of the Sogne and Hardanger, and along the Throndhjem 
fjords we find the same flora, and that in spite of these 
parts being entirely separated by enormous mountains. 

Near the open sea the flora becomes poorer in species, 
most of those characteristic of the interior disappearing, 
whilst their number is not by far made up by those be- 
longing to the coast. Here we shall only name a few of 
the coast plants, such as the holly, the ivy, and the foxglove, 
whilst in place of the Prémula veris of East Norway we 
have the Primula acaulis of the west coast. In the woodless 
tracts of the coast the heather predominates, and besides 
the ordinary common one we find two other species. ! 

The coast climate is, in consequence of | 

But |} 

NALEKE Bape) 

This group of plants belongs exclusively to the south and 
west coasts, and is hardly found north of the Throndhjem 
fjord. Most of its species are not found near Christiania, 
but they reappear in the south of Sweden. Some, how- 
ever, are in Scandinavia only found on the west coast of 
Norway, and we must travel to the Faroe Islands, 
Scotland, England, and Belgium to re-encounter them. 
We have thus seen that the Norwegian flora consists of 

groups of species which make different demands as to 
climate. If we were to colour a map according to the 
places where certain groups are most copious, we should 
at once discover that they had a scattered distribution. 
We should find the same colour here and there, in 
smaller or larger patches, but those of the same colour 
would be separated by great spaces of a different tint. 

At one time botanists were satisfied with explaining the 
distribution of species through soil and climate, but as 
the study of their appearance proceeded it was discovered 
that there were great gaps in the extension of many. And 
these gaps were often so great that scientific men were 
obliged to resort to explaining the same by maintaining 
that such species were created in places far apart. But 
since the doctrine of the origin of species by descent has 
been accepted, such anexplanation mustbe rejected. There 
remains, therefore, only two ways in which to explain 
these things. Either wind, animals, or sea-currents are 
capable of carrying the seed of plants at once across such 
large areas that the gaps in the extension can be explained 
by the means of transport at work at present, and there 
are even those who still believe that this is the case, In 
certain instances this explanation is indeed the only one 
possible, when, for instance, it concerns the flora and 
fauna of the oceanic islands which have never been con- 
nected with the great continents, and still have species 
more or less related to those of the mainland. But such 
a sudden migration is very improbable, and may even be 
dispensed with altogether, as we shall presently show, 
when it is necessary to explain such gaps in the extension 
of whole groups of species as those we have pointed out 
above in the flora of Norway. 
We haye, besides, another explanation of this problem, 

first advanced by Mr. Edward Forbes, who maintained, 
in common with most modern botanists, chat the climatic 
variations of the past are reflected in the fauna and flora 
of the present. He was, we believe, the first savant who 
demonstrated that the Glacial Age has left its distinct 
mark on the flora of the present day. Arctic species are 
found on mountains in temperate climates. During the 
Glacial Age these species grew in the plains at lower 
latitudes, but as the climate became milder they receded 
gradually to the far north and the high mountains. In 
the warm plains they had to give way to the new immi- 
grants, and this is the reason of our discovering hyper- 
borean plants on the mountains of Europe. 

lf now we were to apply this explanation to the scat- 
tered extension of the species in Norway, we must bear 
in mind that the distances here are smaller, although at 
times there are several degrees of latitude between the 
places where the same appear. We must, therefore, see 
if an acceptable explanation of the extension of the Nor- 
wegian flora can be made by means of geology, and if 
the same be supported by other circumstances. 

It is not long since, geologically speaking, that the 
Scandinavian peninsula was covered with an inland ice, 
stretching right out to sea, above which only solitary 
mountain-tops rose, like the “ nunataks ” in Greenland. It 
is evident that the majority of the present flora could not 
then exist in Norway ; but the present flora is older than 
the Glacial Age, which is conclusively proved by specimens 
from the same being found in coal strata older than that 
period. Thus yew, fir, and spruce, hazel, willow, &c., have 
been found in old peat-bogs of England and Switzerland, 
for instance, which are covered by the bottom moraine 
of the inland ice. The present Norwegian flora, there- 
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fore, must have lived in other countries which were free 
from ice during the Glacial Age,and immigrated to Norway 
as the climate became milder and the ice receded. This 
is the reason of Scandinavia having no peculiarly charac- 
teristic species, because the flora hasimmigrated from out- 

_ Side countries, and the time ts so short since tt settledin the 
country that it has not yet had time to produce new species. 

If we may now apply the geological theory of explana- 
tion to the flora, we come to the conclusion that the im- 
migration took place during repeated changes in the 
climate. After several thousands of years with a severer 
climate which favoured the immigration and extension of 
northern and eastern species, other thousands of years 
followed with a milder climate. During this period 
fresh immigrants came from the south and south-west, 
compelling the older flora to retreat. In this manner the 
climate must have changed several times since the Glacial 
Age, and the distribution of the plants must have changed 
in accordance therewith. The periods of variation are 
reflected in the present flora, and it is the former which 
have led to the great gaps in the extension of coast as 
well as inland plants. The sunny screes, the slate dis- 
tricts, and the moist coast tracts are asylums where the | 
different floras have found refuge. In the intermediary 
parts they have been dislodged by the newcomers. But 
certain species, being indifferent to the variations, ex- 
tended constantly, at the expense of others, axd this zs 
the reason of the Norwegian flora being so monotonous. 

In order to test the accuracy of this assertion we shall 
first turn to the peat-bogs and examine their structure. 
We shall, for comparison’s sake, also examine the Danish 
ones, which are weli known from the researches of Prof. 
Steenstrup. 

In the forest and mountain districts of Norway there 
are innumerable marshes. In the forest districts most of 
them are now comparatively dry, the heather and wood 
covering parts of the bog, and on the surface of the latter 
tiny mossy knolls are often found, in the middle of which 
stands the old stump of a tree. An examination of the 
structure of the peat layers—which is easily made with a 

. bore—shows that previous to the present time, when the 
. surface is generally more or less dry, there was a period 
when the bog was much more watery. Under the present 
conditions the growth of the peat is arrested, at all events 
in dry places. But just below the lichen and heather- 
covered surface we find on boring a pure, unmixed white 
moss (Sphagnum). It is this moss in particular which 
has formed the peat in the Norwegian bogs; and in the 
upper layers—only one or two feet from the surface— 
flint implements from the Stone Age are often found. 
At the period this upper layer of Sphagnum v a3 formed 
the bogs were woodless because they were too watery. 
We see, therefore, that the peat in these bogs has not 
grown very much within historical times, and that the 
layer of stumps of trees, which are found on the surface 
in the knolls, indicates an arrest of the growth of the 
peat, the duration of which may probably be measured 
by many hundreds, perhaps by thousands, of years. It 
might be argued that the present drier state of the bogs 
was simply due to the circumstance that the peat had 
grown so high that the moisture had run off. But this is 
not an acceptable explanation, because if we bore deeper 
in the peat we find that the oldest bogs are built of four 
layers of peat, and between these stand three layers of 
stumps, so that these bogs are for the fourth time covered 
with trees since they began to form. And as most of 
the bogs, if not all, are at present drier than they were 
before, the theory of merely local variations of the 
moisture is also insufficient to explain the phenomena. 
It remains, therefore, only to assume ¢hat periods of ary 
and wet have alternated during ages. The peat layers 
generally belong to the latter, and the stump layers speak 
of drier periods, when the bog was covered with trees. 

Of these four layers of peat, which in some places 

measure upwards of twenty-six feet in thickness, only the 
two youngest inclose, as far as the researches in Norway 
go to show, remains of foliferous trees sensitive to cold. 
And this justifies the assumption that they correspond to 
the four layers which Steenstrup has shown in the bogs 
of Denmark, and which appear like geological strata with 
distinct fossils, viz., the aspen, the fir, the oak, and the 
black alder. This comparison of the peat layers of 
Norway and Denmark is further supported by the cir- 
cumstance that layers of stumps are also found in the 

| Danish bogs, and here, too, they stand between the peat 
| layers of the various periods. They indicate long periods, 
during which also the Danish bogs were dry and partly 
covered with forests when the peat ceased to grow. But 
during these dry times the flora was changed through the 
immigration of new species, and when a wet time again 
set in, it was other trees which grew around the bogs, and 
which spread their boughs, leaves, and fruits over the 
watery bog, and the remains of which were buried by 
the growing layers of peat. 

In this manner the structure of the peat confirms the 
conclusion to which the distribution of the flora pointed, 
and if we take the fossil plants and marine shells to cur 
aid we may explain the gaps in the extension of the species 
without assuming long transports of seed. 

In the freshwater clay of Scania and Seeland, Prof. 
Nathorst has discovered numerous remnants of Arctic 
plants. This clay lies de/ow the peat. When it was 
deposited in the cavities of the old bottom moraines of 
the inland ice, not only the dwarf birch, but even hyper- 
borean plants, such as the Arctic Sadzx polaris and others, 
flourished in the southernmost parts of Scandinavia : 

| therefore the Arctic flora was the first which immigrated 
znto Scandinavia. It entered whilst the climate was very 
severe; but the climate became milder and more moist; the 
peat began to form ; then the aspen and birch entered, and, 
later on, under varying conditions of moisture, the fir and 
the spruce, with the flora of the mountains and forest glens, 
a series of species which have not yet been mentioned, viz. 
Mulgedium and Aconitum, many great ferns and grasses, 
wood-geraniums, and lychnis, &c. But the climate be- 
came warmer and warmer; and finally the foliferous 
trees, more sensitive to cold, entered, viz. the hazel, the 
lime, the ash, the oak, the maple, and a number of others 
from warmer regions. In the province of Bohus quanti- 
ties of stones of sweet cherries are found in many places, 
in peat, where this tree is now extinct ; and in the Nor- 
wegian peat-bogs hazel-nuts are very frequent in a certain 
layer, not only in the interior of the great coniferous 
forests, where not a single hazel-tree is found, but even in 
the heathery, woodless coast-lands. It will, theretore, be 
seen that the hazel and the sweet cherry were then very 
plentiful, and from this we may justly conclude that the 
trees, and shrubs, and herbs which thrive in their com- 
pany were also once far more plentiful than at present. 
Lt 7s this flora which has found an asylum in the above- 
mentioned screes. 

Following the period when Southern Norway was 
covered with foliferous forests to a far greater extent than 
now came a warm and moist one, in which the peat 
again began to grow. At that time the coast oak 
(Quercus sessiliflora) was_far more frequent than at 
present, judging by the evidence of the peat-bogs, and at 
that time, the shell deposits inform us (as shown by Prof. 
M. Sars), the present marine animals of the west coast were 
found in the Christiania fjord. And there 7s every reason to 
assume that the present flora of the west coast immigrated 
thither at that period from the south ef Sweden along the 
Christiania fjord to the west coast. 
New changes again set in, with new immigrants, and 

finally came the present age with its comparatively dry 
climate. But all these events are prehistoric, as is shown 
by the stone implements lying in the uppermost peat 
layer, close under the surface. 
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Thus, the remains of plants and animals in clay, peat, 
and shell deposits inform us ¢hat the gaps tn the extension 
of the species in Norway may be explained by the varying 
events of times long gone by. 

Since the Glacial Age the relation between sea and 
land in Norway has changed. Formerly the sea was in 
some places upwards of 600 feet higher than at present.! 

The clay at that time deposited on the sea-bottom, and 
the shell deposits formed near the shore, contain, as Profs. 
M. Sars and Kjerulf have taught us, remains of Arctic 
animals even in the southernmost parts of the country. 
There is a difference of opinion between savazts whether 
this alteration of the shore-line is due to a rising of the 
land or the sinking of the sea, or to both. ‘There is 
further some dispute about the manner in which the level 
became altered, some maintaining that it took place 
suddenly at intervals, whilst others believe that it is the 
result of a gradual and continuous process. The marks 
left by the sea seem at first glance to corroborate the first 
of these theories. Thus, inthe lower parts of our valleys 
we find along the river-courses terraces of sand, pebbles, 
and clay, one behind and above the other right up to the 
highest old shore-line. The terraces, of which Kjerulf, 
pre-eminently amongst others, has given us particulars, 
have an even surface and a_ steep declivity outwards 
against the mouth of the valley. They contain some- 
times remains of sea animals. Under a higher level of 
the sea the river carrie] down sand and gravel to its 
mouth, just as in the present day banks and bars are 
formed at the estuary of our rivers. And the terraces 
seem to indicate that the changes in the level were broken 
by periods of rest. During the latter the river had time 
to form a bank, which rose comparatively rapidly ; the 
next period of rest gave occasion to the formation of 
another terrace, and soon. But this theory has to com- 
bat many obstacles, because the terraces lie often, as 
Prof. Sexe has shown, even in valleys situated near each 
other, at different elevations. The professor is of opinion 
that step-like terraces may be formed even under a 
gradual and steady rising, if the carrying-power of the 
river is subjected to changes. Our theory may therefore 
probably also be applicable for explaining the terraces, 
because, if long periods with milder climate have alternated 
with others whose climate was more severe, it is evident 
that the volume of water, and thus the carrying-power of 
the current, may have altered. Perhaps the rivers have 
at certain times carried down floating ice, at others not, 
and the thaw in the spring must have increased the 
carrying-power. Wecan thus understand why the cor- 
responding terraces in valleys near each other do not 
always lie at the same elevation. Their rivers differ in 
size, and when the carrying-power diminishes a big river 
will retain the strength to form a terrace longer than a 
small one. 

Besides these terraces, which are particularly con- 
spicuous in the short steep valleys on the west coast of 
Norway, and on account of their regularity must excite 
the admiration of every one who sees them, there are 
other equally striking marks of the old sea-levels, viz. 
the so-called “ Strandlinjer ’—shore-lines—which are 
known chiefly through the researches of Prof. Mohn 
and Dr. Karl Pettersen. 
When travelling through the fjords and sounds, par- 

ticularly in Northern Norway, one sees here and there 
horizontal lines drawn along the mountain-sides, some- 
times several hundred feet above the sea. They are not 
always equally marked, but appear often remarkably 
clear ; sometimes they look like roads or railway-lines, 
They are always horizontal, or nearly so, and must, 

_ * The depth of the peatin the parts which were formerly below the sea 
increases with the height above its surface, because the formation of the 
peat commenced long before the lowest-lying parts had risen above the surface 
From the remains of plants found in the various peat layers we may there- 
fore learn how the Norwegian flora was composed during the various phases 
of the rising of the land. 

therefore, be remains of an old sea-shore. Often 
two parallel lines are seen running one above the 
other in the same place; and on closer inspection 
it will be discovered that they are hollowed out of 
the rock itself. They have a surface sometimes many 
feet broad, and are bounded behind by a more or less 
steep mountain-wall, forming thus horizontal incisions 
in the same. The shore-lines have also been brought to 
prove that the rising was broken by periods of rest, during 
which the sea had time to hollow out the rock ; but I am 
of opinion ¢hat they could be formed, too, under a gradual 
rising, if the climate be subjected to periodical changes. 
The shorelines belong to the northern parts of the 
country and the deep fjords, where the winter cold is 
more severe, and they are only found in districts where 
there is a tide. They seem to have been blasted out by 
the influence of the cold. At high tide the sea-water fills 
the holes and fissures in the rock, and when the tide 
recedes it is leftin the same. In severe winters the water 
will freeze, and thus burst the rock. During the rising of 
the land, shore-lines will be broken out in this manner, as 
long as the erosion is able to keep pace with the rising. 
When the climate becomes milder, a time will come when 
the erosion is unable to continue. Then the shore-lines 
will be lifted up above the level of the sea, and out of 
the reach of the biasting influence of the water. If next, 
after thousands of years, when the land has perhaps risen 
fifty or a hundred feet, a period follows with a severer 
climate, a new shore-line is formed below the former. 

The shell-banks, too (z.e. deposits of shells of marine 
animals living in shallow water near the shore) lie, as 
Kjerulf has shown, in the Christiania fjord at different 
levels, the oldest at heights of from 540 to 350 feet, and the 
youngest between 200 and 50 feet above the present level 
of the sea. But between 350 and 200 feet none has been 
found. In the neighbouring Swedish province of Bohus 
they are found at all elevations, even between 350 and 
200 feet, and it must therefore be assumed that local 
causes, as, for instance, the ice formation in the more 
closed Christiania fjord, destroyed the shell-banks when 
they reached the shore-line, at a period when the land lay 
350 to 200 feet lower in relation to the sea than at present. 
According to the evidence of the peat-bogs, there is reason 
to believe that this part of the rising occurred under a 
more severe climate. 

It is therefore seen that all the facts which have been 
advanced in order to prove that the rising was broken by 
periods of rest may be easily explained, z/ we assume 
that the land rose gradually and steadily under periods 
alternating with milder and severer climates. 

The University, Christiania A. BLYTT 

(To be continued.) 

AHVPERDPRICHOSES, 

THINK all naturalists, and anthropologists in par- 
ticular, will be interested in the cases of human 

hypertrichosis now on view at the Egyptian Hall, Picca- © 
dilly. I myself spent two hours with them on Saturday 
last. 

This family of hairy people have been at the Court of 
Burmah for four generations. Crawfurd saw Mahphoon, 
the old woman now exhibited, an infant in 1827 ; the 
family was described by Col, Yule in his narrative of a 
Mission to the Court of Ava in 1855. 

It is singular that the hypertrichosis of Mahphoon’s 
grandparent should be continued not only to herself but 
to her son, Moung Phoset, also exhibited, inasmuch as 
one of the parents has always been an ordinary com- 
paratively hairless Burman, so far as the face and body 
are concerned. 

Mahphoon is now an old blind woman, but very lively, 
full of fun, and an inveterate chewer of betel; her face 
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and ears are entirely covered with hair, particularly thick 
on the nose. Her son, Moung Phoset, is more hairy on 
the face and ears than his mother—probably her locks are 
somewhat thinned by age—his forehead is densely clothed 
with hair, which, when combed over his face, entirely 
hides his features, the hair being 12} inches in length ; 
he parts it over the eyebrows and passes it behind his 
ears ; it is also very long on the nose, and being parted 
in the middle and falling over the cheeks gives his face a 
most remarkable resemblance to that of a Skye terrier. 
The suggestion was so strong on my mind that I could 
scarcely divest myself of the canine idea. 

The whole of his body is clothed with soft hair some 
inches in length, but I am informed that he has usually 
had this cut from time to time, so that its natural length 
is not apparent. The hair of Moung Phoset and of his 
mother Mahphoon is very soft and wavy, of a brown 
colour, and utterly unlike the coarse black hair of the 
ordinary Burman. 

Capt. Paperno, who obtained them, and has been 
fifteen years in Burmah, informs me that the dentition of 
all these hairy people has been imperfect, whilst their 
less hairy brethren and sisters have had perfect teeth. 

I have examined a cast of Moung Phoset’s mouth. In 
the upper jaw he has but two canines and two large 
incisors, in the lower jaw two canines and four small 
incisors ; the premolar and molar teeth are quite absent. 

A nephew of Mahphoon, who is exhibited with them, 
has the appearance of an ordinary Burman only. 

I believe that it is owing to the enterprise of Mr. 
Farini that we are enabled to see this singular family in 
London. 
They are both far more hairy than Krao, who was 

exhibited in London some time since, and is now at 
Paris in good health; she was obtained from a district 
east of Burmah, and north of Siam; the features of the 
Burman family are so obscured by hair that I could not 
ascertain whether there was any resemblance to those of 
Krao, nor even whether they were Mongoloid. 
Moung Phoset has been well educated, writes fluently 

in the Burman character and language, and_ possesses 
considerable power in the delineation of objects; like 
many Burmans he is tattooed from below the waist to 
above the knees. 

I have seen a photograph of a brother of Mahphoon 
now dead; he was quite as hairy as his sister, but the 
peculiarity did not, I understand, extend to the whole of 
the family. J. JENNER WEIR 

Chirbury, Beckenham, Kent 

NOTES 

PREPARATIONS are being made by Parisian men of science 

for the celebration of the rooth anniversary of the birth of M. 
Chevreul, on August 31 next. 

A REGULATION as old as the French Academy of Sciences 

has just been broken through in Paris. Women have hitherto 
been excluded from the sittings of the Academy, but at the 
meeting of the 28th ult. the interdiction was raised in favour of 
Mdlle. Sophie Kowlewska, Professor of Mathematics at the 

University of Stockholm, and daughter of the eminent palaon- 

tologist. Admiral Juiien de la Graviére, who presided, 
welcomed her in graceful terms, and said that her presence 
should be a cause of pride and pleasure, not only to the mathe- 

maticians present, but to the whole Academy. 
entered, the whole of the members rose to salute her. 

her place between Gen. Fave and M. Chevreul. 

As she 

She took 

ACCORDING to official decree, the Tokio University and the 

Imperial College of Engineering having been amalgamated into 
the Imperial University of Japan, they now cease to exist. The 

new University comprises five colleges or sections; (1) Law ; 

(2) Medicine; (3) Engineering ; (4) Literature ; (5) Science. 

Each of these, as well as the whole institution, is placed under a 
Japanese director. The director of the Science College is Prof, 

Dairoku Kikuchi, a Cambridge Wrangler, and the same gentle- 

man is acting for the present as head of the Engineering College 

also. The large and splendid buildings erected for the Engineer- 

ing College—the finest pile of European edifices in Japan—will, 
it is said, be used in future as a school for the children of 
nobles, 

HERR FENNEMA, a mining engineer at ‘Buitenzorg, in Java, 
has made some observations on the recent volcanic eruptions in 
that island which are of interest as setting at rest a matter on 
which some doubt has existed. On the authority of Junghuhn, 

the general belief has been that in historic times all the volcanoes 
of Java (and of Sumatra it may be added) had thrown out solid 
matter only, and never those streams of lava which are so cha- 

racteristic of most eruptions. But a careful examination of 
Smeru and Lemongau during the catastrophe of April last year 

shows that this notion must be abandoned as incorrect. The 
former is not only the highest but also the steepest in Java. 
From 700 to 1409 metres the slope is about 6°, up to 2100 it is 

20°, and from 2100 to 3671 metres it is more than 30°. For a 

considerable way from the summit the striking cone consists 
wholly’ of the detritus thrown out regularly by the almost unin- 

terrupted activity of the crater. Up to April 1885 the existence 
of torrents of lava was unknown. On the 12th-13th of that 

month a stream appeared on the south-eastern side, and forced 
the residents on the plantations lower down to fly. The stream 

increased for several days, until it reached a height on the 
mountain-side of about 2100 metres from the level of the sea. 

The loss of life was due to the avalanche of stones sent down 

the steep sides of the mountain by the stream. Similarly, at 
the same time, Lemongau threw out a lava stream, but there 

was a curious difference between this and the one issuing from 

Smeru—the latter was andesitic in its character, while the former 

was basaltic. 

We have received from Mr. Henry Farrar, 6, Hanway 
Street, W., photographs, seven in 
a very extensive collection taken by a native of India, 

Lala Deen Diyal. One consists of the whole view of the 

rapids of Chichai waterfail, near Reira, which are 400 feet 

deep; another, a river view at Indore. The photographs 
themselves are exquisite; in looking at some of them one ° 
might imagine one’s self in the tropics surrounded by the 
wonderful vegetation of that region. ‘lhe tone of them is very 

fine, especially in the one ‘* Channel below the Keuli waterfall,. 

near Reira,” the velvety appearance of the vegetation on the hill- 
sides is in strong contrast with the sharp and clear detail of the 
white and waterworn stones in the river bed. To the various 
lovers of nature as well as students of art and archeology a 
possibility of getting quite perfect photographs of the natural 
and artistic wealth of India at a low price should be very 
welcome. 

Ir is stated that the explorations for coal conducted by Dr. 

Warth in the Salt Range in the Punjab have proved so satis- 

factory that the Government is now arranging for the practical 
working of the seams. Dr. Warth estimates that over one million 
tons are underlying the plateau at Dundote. The coal is not of 

the first quality. It contains iron pyrites and is very friable, 

but it is believed that it will be very useful for the North-Western 
railways. 

WE have received several communications relating to the 

letter signed ‘*P.” in NATURE for May 27, p. 76, on ‘‘ Male 

Animals and their Progeny.” Mr. Arthur Nicols has noticed 
several times a common cock marshalling a brood of chicks, 

number, selected from 
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picking up food for them, calling them together on the approach 

of danger, and even ‘‘brooding” them at night. A case was 
communicated to him a few years since by Dr. James Gale, in 
which a turkey cock incubated six fowl’s eggs during the whole 
period, successfully producing three chickens, and continuing to 
treat them with all the care of a hen. The hen turkey with 
which he had been mated was unfortunate in her brood, and 

this circumstance appears to have impelled him to take possession 
of the fowl’s eggs. Besides the fact that in a considerable 

number of species the male not only takes his turn at incubation, 
but continues, equally with the female, to feed the young after 

they have left the nest, we have the case of the male emu, who 
performs the task of incubation alone. The male ostrich, too, 

as observed in a semi-domestic state, undertakes a large, and 

sometimes it would seem the entire, share of nidification. When 

the pair of Apterix in the Zoological Gardens nested, the male 

‘alone sat assiduously during fifteen weeks on the two eggs, 
which, however, proved infertile. A correspondent from Melks- 
ham also records a case in which a bantam cock brought up a 
brood of chickens, the mother having died when they were two 
days old. Mr, Hyde Clarke quotes instances of similar care 

bestowed by male dogs and cats in Turkey on the young. 

THE curious case of the emu is described in a letter from Mr. 

Alfred Bennett, who had an opportunity of watching the habits 

of this bird, which was, during several seasons, successfully bred 

by his father in Surrey. The hen bird, says Mr. Bennett, begins 

to lay about the end of October or beginning of November, 

and as each brood consists of twenty eggs or more, laid at inter- 

vals of two days, the process takes about six weeks. Before it 

is completed, the cock bird begins to sit. The eggs laid subse- 
quently are deposited by the hen by the side of her mate, who 

puts out his foot and draws them under him. As soon as the 

eggs begin to hatch it is necessary to isolate the hen, as she 

fights furiously with her mate, and would to all appearance kill 

the chicks if she were allowed to get at them. The whole of 
the tending of the young is performed by the male bird. 

AN opah, or king-fish (Zeus Juna), which is an exceed- 
ingly rare fish, was recently captured off the Shetland Islands 
and brought to the Colonial and Indian Exhibition for inspec- 

tion. The specimen, which is in perfect condition, measures 
‘about 5 feet in length, and weighs 160 pounds, The colours of 

the sides and back are dark green intermingled with gold and 
purple, while the irides are red. The opah seems to possess 
peculiar migratory propensities, -being found at various parts, 
even in Eastern seas. The habits of this fish seem to be little 

known, but Mr. W. August Carter, of the Colonial and Indian 
Exhibition, states that, according to inquiries and investigations 

he has made, the opah varies its diet according to the locality it 

inhabits, and that when visiting the British Islands it feeds 
chiefly upon herrings and cuttlefish. 

In one of the Courts of the Colonial and Indian Exhibition 

is a very fine raven, presented by the Maclaine of Lochbuie. 
This bird, on account of its sagacity, creates much amusement 
and interest amongst visitors. On being fed it :partakes of so 

much of the food as it requires, then hides the remainder in 

certain parts of its habitat beneath pieces of paper and other 

articles that happen to be about. As many as four hiding- 
places are made use of by the raven for storing its food, which 
it exhumes when desirous of feeding. It is a curious fact that 
the raven only resorts to such stratagems when being watched 

by the public, at other times this sagacious bird consumes its 
meals in their entirety at one time. 

THE additions to the Zoological Society’s Gardens during the 
past week include a Bonnet Monkey (JJacacus sinicus) from 

India, presented by Mr. Albert Thorne; a Macaque Monkey 

(Macazus cynomolgus) from India, presented by Mr. S. R. 

Hicks ; a Prairie Wolf (Canis Jatrans 2 ) from Winnipeg, pre- 

sented by Mr. Gerald F. Talbot ; a Common Fox ( Cants vulpes), 

British, presented by Mr. A. Browning Priestley ; a Brown Bear 

(Ursus arctos) from Asia, presented by Capt. Asher Smith ; a 

Stein-bok Antelope (Meotragus tragulus) from South Africa, 
presented by Mr. W. J. Robertson; two Violaceous Night 

Herons (Nycticorax violaceus) from South America, presented 

by Dr. A. Boon, F.R.C.S. ; a Mona Monkey (Cercopithecus 

mona) from West Africa, a Grey Squirrel (Scizeras cinereus) 

from North America, a Greater White-crested Cockatoo (Cacatua 

cristata) from Moluccas, deposited ; six Sousliks (Spermo- 

philus ), five American Flying Squirrels (Sczauroplerus 

volucella) from North America, two Glass Snakes (Pseudopus 

pallasi) from Dalmatia, purchased ; two Mule Deer (Cariacus 

macrotis? 9), a Yak (Puephagus grunniens 2), four Long- 
fronted Gerbilles (Gerdidlus. longifrons), bred in the Gardens. 

OUR ASTRONOMICAL COLUMN 

METHOD OF CORRECTING FOR DIFFERENTIAL REFRACTION 
IN DECLINATION.—Mr. McNeill, of the College of New Jersey, 
Princeton, has published in the Astronomische Nachrichten, 
No. 2735, a method of correcting micrometer observations for 
refraction which was devised originally for the diagonal-square 
micrometer, but is applicable also to the ring micrometer and 
others of the same class. In.this method the correction to the 
difference of declination is not determined separately, but the 
true difference is directly determined, the corrections being 
applied to the logarithms in the course of the computation. Mr. 
McNeill shows that if we apply the number given by 

Mnx(tan® ¢ sin? g + 1) 

to the logarithm of the half chord traversed by the star, and 
the corresponding number deduced from ’ 

Mx(tan? ¢ cos? g + 1) 

to the logarithm of the apparent distance, measured on a circle 
of declination, from the point of reference in the micrometer, the 
result obtained will be the true distance corrected for refraction. 
In the above expressions J7 is the modulus of the common 
system of logarithms, « the constant of differential refraction, 
¢ the true zenith distance, and g the parallactic angle. It is 
then only necessary to tabulate the expression 

Mx{tan® ¢ cos*(p — g) + 1} 

with arguments 4 — g and G adding subsidiary tables giving 
barometer and thermometer factors, in order to obtain the quan- 
tities required (by making / alternately = 99° and = 0°) to correct 
the micrometer observations for differential refraction in declina- 
tion. This Mr. McNeill has done, and his tables will doubtless 
be of much use to observers using the class of micrometer to 
which the method is applicable. 

New Minor PLANET.—A new minor planet, No. 259, was 
discovered by Prof. C. H. F. Peters, Clinton, New York, on 
June 28. Minor planet No. 253 has been named Mathilde. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 FULY 11-17 

( OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 
At Greenwich on Fuly 11 

Sun rises, 3h. 58m. ; souths, 12h, 5m, 12°6s. ; sets, 20h. 12m. ; 
decl. on meridian, 22° 6’ N.: Sidereal Time at Sunset, 
15h. 3om. 

Moon (three days after First Quarter) rises, 15h. 49m. ; souths, 
2oh. 38m. ; sets, th. 22m.”  decl. on meridian, 15° 14’ S. 

Planet Rises Souths Sets Deel. on meridian + 
h. m. eet: h. m. ey 

Mercury ... 6 17 TSU Secs 2025) 17 ON. 
Venus... Sy beg GC) Eee oro, 4/4 a PO CIN 
Marsa) ac. Tr 88 72a ee Ze GOs ceo Ke SONS 
piters.. .... TONSt 16: 42) ~-.5..8 22053 I 22N. 
Satin. <. 3 30) T1-39)_ <4: 10148 222 baie 

* Indicates that the setting is that of the following morning. 
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Occultation of Star by the Moon (visible at Greenwich) 

Corresponding 
angles from ver- 

July Star Mag. Disap. Reap: texita right for 
inverted image 

h. m. h. m. ° ° 

Wee DAG. FOO) meenlO 3.44 -.. 4-55) ce kgoeg23 

Variable Stars 

Star R.A Decl 
h om. Oc h. m. 

U Cephei 0 52°2... 81 16-N. ... July 13y23) 52° 7 
U Libre 14 34°0 7 10S. alse M 
8 Libra 14 54°9 8 4S. 75) Le eN4 7 
WiGorone: .2. 2. M5/-0376)---432) AN: », 15, 0 40 m 
U Ophiuchi... ... 17 10°8 T (208N. 23. fe eae O) 772 

and at intervals of 20 8 
X Sagittarii.... <.. 17 40°4.....27 A70S. .... July) UyameeenO 7 
W Sagittarii see D7 578 w2e29 35S oes | 53) EOMMOMMO UZ 
U Sagittarii... TS 2552) -0) 19) 02'S: 338 RXOsmEezmO 772 
R Lyrze 18 51°9 ... 43 48 N. Pp ssh M 
T Sagittarii ... 19) 5077) 2 17 Tors: es, MW 
R Sagittarii... 19) IO?O) .. 1O/ZO1S. « 2-2 Nyy meee M 
8 Cephei 22\:24::0) 2. 57 SON <-> 9) ELSE IT 

M signifies maximum } #2 minimum. 

GEOGRAPHICAL NOTES 

THE report published by Lieut. von Nimptsch, of the German 
army, gives some very interesting details of the journey he made 
with Herr Wolff, a traveller in the service of the Congo Free 
State, and which has resulted in the discovery of a river likely 
to be of material value to traders with the Congo. he Congo, 
in its course from the south-east, makes a very wide bend to the 
north, and then descends again to the Atlantic, a very large 
tract of country being embraced in this curve. Within this is 
the River Kassai, which Lieut. von Nimptsch regards as being 
“* of even greater importance to commerce than the Congoitself.” 
Describing their journey he says that, as far as Luebu, the 
Kassai flows through wide plains, well adapted for cultivation and 
pasturage, and forests of palms and gutta-percha trees. There 
are many villages on the banks, and the travellers met with 
great civility in all of them save one, the inhabitants of which 
fled at their approach. ‘‘ One tribe,” adds Lieut. von Nimptsch, 
“was remarkable for its joviality. The natives accompanied 
the steamer in their canoes, and when we could, organised 
dances and songs in our honour.” ‘There is a great deal of 
ivory all along the Kassai, and large pieces of the finest quality 
were readily given in exchange for empty boxes and tins. They 
discovered several afiluents of the Kassai, and they calculated that 
they were navigable fora distance of 250 miles. ‘‘ But the most 
important affluent,” the report goes on to say, ‘‘is that which 
Herr Wolff explored in the steamer Vorwarts during the months of 
February and March. He ascended this stream to a distance of 
430 leagues from its mouth, and one of its northern affluents 
brought him to within a week’s march of Nyangwe. He 
might have gone still further had his steamer not met with an 
accident, for there are no cataracts in this river. All this net- 
work of navigable water, extending over more than 3000 miles, 
is most admirable, and in future it will be possible to travel 
eastward from the Atlantic, reaching Nyangweé and then Lake 
Tangyuteka by leaving the Congo at the mouth of the Kassai, 
without being obliged to ascend the whole of the former stream, 
thus avoiding the Stanley Falls.” 

A TELEGRAM from Zanzibar, of the 3oth ult., states that Dr. 
Fischer had returned there. He has not succeeded in rescuing 
Herr Junker, the African traveller, who, when last heard of, 
was in the region north of Uganda. 

A VERY interesting discussion which took place at the St. 
Petersburg Society of Naturalists after the reading of a paper by 
Prof. Beketoff on the South Russian steppes as compared with 
those of Hungary and Spain is now summed up in the JZemoirs 
of the Society (vol. xxv. 2). The Russian steppes between the 
Pruth and Don, although belonging to the great ‘steppe 
region” of Grisebach, differ, however, from the remainder of 
the region inasmuch as they support agriculture without irriga- 
tion. They are akin, in this relation, to the Hungarian puchéas. 
Being comparatively well watered, they belong more to Europe 
than to Asia, while those beyond the Don and the Volga bear a 

truly Asiatic character. As to the disier/os of Spain, they are 
more akin to the deserts of Africa than to the steppes of either 
Central Asia or Europe; they have, however, some likeness to 
those of Transcaucasia, As to the causes of the want of forests 
in the Russian steppes, Prof. Beketoff explained it by the cir- 
cumstance that, being covered with salt-clays, after the emergence 
from the sea, they were, first, inappropriate to the growth of 
forests. As the surface, however, lost by and by its salt and 
became covered with grasses, masses of ruminants were attracted — 
into the region, and these ruminants prevented the appearance 
of trees, destroying them as soon as they appeared ; the climate 
being most unfavourable for the spreading of forests, the rumin- 
ants were also an important factor in the prevention of their 
appearance. The American buffaloes are an instance of 
the same influence. Dr. Woeikof fully confirmed the view 
taken by Prof. Beketoff, but pointed out that the burning 
of the steppes by man played also a most important part in 
the prevention of the appearance of forests. In America he 
was told of several instances where the trees began to grow as 
soon as the burning of prairies was stopped. Cattle are surely 
a great enemy of appearing forests. The very dry season of 
1857 partly destroyed the cattle in Texas, and partly compelled 
to send it away to the mountains, and immediately the AZesgucla 
began to spread in the prairies. It had time to take root before 
the cattle were brought back, and now it grows freely. The 
same has been seen on the //amos of Venezuela. The continuous 
wars and requisitions have led to a notable diminution of cattle, 
and now we do not find the boundless steppes of former 
times ; there are at least bosquets of trees. Mr. Jonas sup- 
poses that this change has even slightly modified the climate. 
Prof. Sovyetoff supported the same views, pointing out that 
cattle are an enemy not only of forests, but also of the grass 
covering of the steppes. He mentioned an instance of a large 
estate of 800,000 acres of virgin steppes in Taurida, where nearly 
half a million of sheep are grazing, The grass vegetation on 
these steppes has become strikingly poor, so that the cattle- 
owners calculate that for each sheep they must have 4°6 acres of 
grazing-land, 21°6 acres for each head of horned cattle, and 27 
to 32 acres for each horse. The black-earth soil, when continu- 
ally trampled on by the sheep, hardens as well as a clay soi 
would harden; the soil is thus no more aérated, and becomes 
unable to support a rich grass vegetation. A 

THE New York Tunes announces that Lieut. Schwatka, the 
Arctic explorer, has accepted a commission from that paper to 
explore the southern coast of Alaska and to attempt an ascent 
of Mount St. Elias, the highest peak on the North American con- 
tinent. Mr. William Libbey, Professor of Geography at Prince- 
ton College, has undertaken the charge of the scientific portion 
of the expedition, which left Port Townsend on the 14th inst. 

THE three papers contained in the current number of the 
Proceedings of the Royal Geographical Society are of exceptional 
value and interest. Mr. James W. Wells describes the physical 
geography of Brazil in its broad features. He shows that the 
idea fostered by most maps that Brazil is a very mountainous 
country is wholly erroneous, and that it is mainly a vast plateau, 
excavated into numerous valleys by denudations, with relatively 
few purely mountain chains. 
panying the paper, the four main physical features of the country” 
are (1) the vast, low-lying, flat plains of the Amazons, and the 
flat, grassy plains of the Paraguay ; (2) the elevated highlands 
that extend over the greater part of the empire; (3) the higher ‘ 
lands constituting the watersheds of the principal rivers ; and 
(4) the groups of mountain ranges consisting of primitive rocks 
of purely upheaved strata. Mr. Wells then takes the three 
great hydrographic sections of Brazil, and treats of each in turn. 
Mr. Hosie describes one of the many journeys which he made 
through South-Western China while residing as agent at Chung- 
king, the particular journey selected being one which carried 
him over new ground. A map which is appended shows the 
vast area covered by Mr. Hosie in his various journeys through- 
out Sze-chuan, Yunnan, and Kweichow provinces, and the very 
interesting observations on trade, present and prospective, in 
these regions show that his commercial duties have not been 
forgotten in the ardour of exploration. Mr. Bourne writes a 
paper on Diego Garcia, the principal of the Chagos Islands, 
which have recently received much attention on account of their 
position near the Red Sea route to Australia. The writer 
visited this remote spot to study the fauna and flora, and to make 
a collection of the corals of this part of the Indian Ocean. 

As shown by the map accom- — 

—— eT CO 
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THE SUN AND STARS! 

VIII. 
} 

FOR the purpose of this lecture I have ventured to make a 
j revision of the classification which has been suggested by Dr. 
Vogel. I should tell you, with reference to this question of 
"classification, that Rutherford started it; then the German 
physicist, Prof. Zollner, recommended a certain line of arrange- 
ment which practically had been adopted by Father Secchi. I 

afterwards saw grounds for saying that that line of arrangement, 
or sequence, was apparently a very just one, because it seemed, 
from some considerations I brought forward, that it really 
arranges the stars in the order in which the various phenomena 

_ would be produced in the atmosphere of any one of them ; that 
is to say, that it was a true evolutionary line starting from the 
conditions of highest temperature. Others have followed in the 
same track since, including Dr. Vogel; but, so far as I can 
_ make out, any credit which is due to the existing arrangement 
is due to Father Secchi and to Prof. Zollner. 
__ I will give you the arrangement, which I think will perhaps 
bring the facts in the most clear way before you. 

__ We have, then, the first class of stars with broad absorption- 
| lines and very few of them, and a remarkable absence of general i 5 
_ absorption at the blue end of the spectrum. Next we have a 
second class, in which the lines are more numerous, and they 
are thinner. In this class come our sun, Arcturus, Aldebaran, 
and Capella. 
_ Then we pass from absorption-lines altogether, and in the 
third class we have stars with flutings, of which the darkest part 

the spectrum, Of these stars we have a Herculis and a Orionis 
as examples. 

Then we have another set of fluted stars in which the opposite 
holds good. The darkest part and sharpest edge of the fluting 
are to the right, towards the red end of each fluting. And the 
stars of this class are faint. 

In those four classes we nearly exhaust all those forty or fifty 
millions of stars in the heavens which shine, and which we can 
study by means of a telescope. 

Afterwards we come to stars with bright lines, or the fifth class ; 
and this we must divide into two—A and B. 

In sub-class A the bright lines are always lines of hydrogen, 
such as we have in the chromosphere of the sun. Many of 
the=e stars, as we shall see by and by, which are characterised 
by such a spectrum as this are variable stars ; not all. 

In sub-class B the lines are not lines of hydrogen, and I 
may say that up to the present moment the origin of these lines 
is not known. There are, I think, at the present moment 
about half a dozen stars known with spectra of this character. 

So much, then, for a general view. We have four classes of 
stars determined by absorption—two, line absorption ; two, fluting 
absorption ; first, broad lines ; second, thin lines; first, flutings 
with the sharp dark edge to the left; then, flutings with the 
sharp dark edge to the right. Then in the last class we leave 
absorption-lines altogether and get to bright lines, and we get 
two sub-classes—those which obviously contain incandescent 
hydrogen, and those which as obviously contain something else. 

Just a word or two on each of these two classes. 
The stars with dark thick lines can be best shown by this 

and sharpest edge of the fluting lie towards the violet part of | diagram, which I owe to the kindness of Dr. Huggins. You 
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Fic. 22.—Stellar spectra (Huggins). In this diagram the spectrum of the sun is given at the top so that the spectra of the stars can be compared with it. 
The spectra of the stars are reduced from photographs, and the order of arrangement has been determined by the gradual thinning of the chief lines. 

will see the difference between the thick absorption-lines and the 
thin ones, and you will remember that although stars may have 
the absorption-lines of identical wave-lengths, the thickness of 

{ these lines in the different stars may vary from one star to the 
other. Then we have the solar spectrum, the thickest lines of 
which are H and K, already refer.ed to, in the ultra-violet 
‘portion. 

_ The remarkable thing about the stars of the first class is that 
_ msome of them H is seen alone. In others H is seen with K 
thin, and in others H is seen with K almost as thick as itself. 

| These lines are supposed to be due to the absorption of calcium. 
When calcium was studied in the laboratory a good many years 
ago, it was found that, at the temperature of the electric arc, the 

' important brilliant line of calcium—the line which outshone all 
the others—was in the blue part of the sprectrum, and that the 
_ two lines which are most important, the two broadest lines, in the 
‘Solar spectrum, are hardly seen at all in the spectrum unless 
the temperature of a very powerful induction coil be employed. 
_ Under these circumstances one may get the same relative import- 
“ance given to the lines H and K in the violet which one gets with 

| tegard to the line in the blue as seen ordinarily, but only when 

_ _* A Course of Lectures to Working Men delivered by J. Norman Lockyer, 
F.R.S., at the Museum of Practical Geology. Revised from shorthand 

| Motes. Continued from p. 207. 

Aa 

| the most tremendous means available to us are taken to secure 
what we consider to be the highest temperature. 

On that ground it was prophesied that if the spectra of stars 
were ever photographed, probably some might be found hot 
enough to deal with those bright lines, H and K, in exactly the 
same way that the electric spark did ; that is to say, that asin our 
laboratories we can get at a high temperature H and K obviously 
more brilliant than the blue line, whereas at low temperatures H 
and K are not seen at all, so we may anticipate similar results in 
the stars ; if we can get stars very much hotter than any electric 
spark which we can obtain here, we might get H and K in dif- 
ferent proportions, or each seen alone. 
Now you see that prophecy, has been fulfilled in this respect— 

that there are stars in which we get H alone without K, and we 
get different proportions of K added, as you can get different 
proportions of milk and sugar in a cup of tea. p 

Nor is that all. I am bound to tell you one other very curious 
fact. Since it was obvious when these stars were photographed 
that we were really photographing the result of an increased 
temperature ; another prophecy was hazarded, and that was, 
that when, during an eclipse, the very brightest portion of the 
sun’s atmosphere should be photographed in the ultra-violet and 
violet the spectrum would probably be very closely represented 
by the spectrum of these hottest stars. These photographs by 
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Dr. Huggins of course only include the violet and the ultra- | its hottest portion, and there we have the spectra such as Dr, 
violet. 

This is the place to tell you that in the eclipse of 1882 most 
of these lines which you see in the spectrum of Sirius and a 
Lyrze—lines which are entirely cloaked in the ordinary spectrum 
of the one, and in most of the other stars—was actually photo- 
graphed in the hottest part of the sun’s atmosphere during that 
eclipse ; so that you see that there were two prophecies with 

rd to this set of lines, both of which were fulfilled. 

Now, when in science a working hypothesis suggests a certain 
result under certain conditions—enables us to prophecy in fact, 
and the prophecy comes true (that is essential)—we have a right 
to believe that the hypothesis may be well founded. 

Those, therefore, who hold that these differences are due to 
temperature, have considered their opinions to be considerably 
fortified by those two fulfilments of prophecy to which I have 
referred. 

You see in the diagram that although in the upper 
representing Sirius and. a Lyre the lines are very thick, as those 
erientae ines thin out other lines come in; so that in passing 
down the diagram from the upper horizon to the lower one, we 
get two conditions of things—one which we leave when we get 
ew lines thick, and another which we reach where we get a very 
considerable number of lines thin, as many people believe be- 

these substances gradually, by reduction of temperature in 
the atmosphere of the star, have gone into combination with 
themselves or something else, and formed other more complex 

nodies, which give us of course new lines practically at the ex- 
sense of the old ones. There then we get on that diagram 
representing a part of Dr. Huggins’s magnificent work, the pos- 
sible explanation of the passage from Class I. to Class II. 
A reference to the two classes of absorption-spectra we owe 

chiefly to the work of Dunér and Vogel may very fitly follow 
e records of Dr. Huggins’s work. 

re 

spectra 

cause 

CARBON 

Fic. 23.—Duneér's spectra of Class 111. compared with carbon 

I did not tell you (there was no necessity for it at the time) 
that one of the rarest substances apparently in the atmosphere of 
the sun at the present time is carbon. There is a possible trace 
of carbon in the sun’s atmosphere I think, but the assertion 
depends upon the existence of a single fluting, so far 
tions go, in the ultra-violet part of the spectrum. 

Now in these two classes of stars, Class IIIa. and Class III. 
of Vogel, which I have called Class III. and Class IV. to 
make things easier, in the former we get a spectrum which at 
present has not been investigated ; and we cannot say to what 
substances the absorptions in stars (there are hundreds of them 
mind you) which give you that spectrum is due. 

But with regard to the stars of the latter class (and there are 
hundreds of them) they give us absorptions about which there is 
no question whatever. There the light of the star, instead of 
being absorbed by iron vapour, by hydrogen vapour, by calcium 
vapour, and by nickel, and by cobalt vapours and the like, as in 
the atmosphere of our sun, is absorbed by carbon vapour, and 
carbon vapour almost pure and simple, for when you have taken 
these big flutings out of the spectrum, there is little left—which 
means that when you get rid of the absorption of carbon in the 
atmosphere of those stars there is very little absorption left. I 
mean that the remaining spectrum is very simple. 

I have already pointe d out that it is fair to say that if our sun 
were hotter its absorption would more resemble the spectrum of 

as observa- 

Huggins photographed for us in Class I. and Class II. I have 
just told you that there we really do get the same lines as in our 
sun during an eclipse, when we can best get at the spectrum of 
the hottest portion. 

Are we to suppose then that if our sun was very much cooler 
than it is we should get the spectrum of carbon developed in this 
enormous way? That is a question which at present it is not 
possible to answer. It is quite probable, but then if that be so, 
you will see two things : first, that the carbon, 7/7 exists as such 
in such enormous quantities in the sun at the present moment, 
must be so far outside the region of high temperature that it can- 
not absorb in that manner. The second point is'that it cannot 
be that particular substance which gives us the continuous spec- 
trum in the photosphere, because if it were we should be certain, 
I think, to get more indications of bright carbon vapour, both in 
the spectrum of sunspots and in the spectra of prominences than 
we do, so that although these stellar spectra may set us thinking 
about the sun, they are rather more important to us at the present 
moment for telling us what possibly is not rather than for what 
probably is. 

With regard to the stars with bright lines, the only point that 
I need make about them now is that it is most important that 
every endeavour should be made to determine the origin of those 
bright lines which, as I have already pointed out to you, are not 
coincident with the lines of hydrogen. But I would rather say 
what I have to say on that subject in connection with the next 
part of the comparison which we are making. 

In the spectra which have already been indicated to you nothing 
has been said about change of star-light except at long periods. 
It has been hinted that possibly a star which at one stage gives 
you a spectrum of very thick lines, may at other stages undergo 
changes which will make it a star of the second class, in which we 
have a greater number of thinner lines and so on. 

Here the question of stellar evolution is suggested. On this 
subject I cannot enter, but a few general remarks may be made. 
We may say that we now know that comets are clouds of stones, 
and experiments, to which I will refer again later on, have been 
made which suggest that if nebulz are of like nature the differ- 
ences between cometary and nebular spectra may be explained 
by differences of temperature, that of the nebula being higher 
than that of the comet. Now comets ordinarily, 7.e. when 
coolest, give us the spectrum of carbon, but when the tempera- 
ture is increased, as it was in the case of the comet of 1882, 
sodium and iron are added. Imagine a comet with a nucleus 
the light of which is absorbed by ordinary cometary vapours, 
and we shall have the spectrum of a star of the fourth class. 

On the nebular hypothesis, supposing, as seen above, that we 
started with ordinary cometary materials, then, on the beginning 
of a central condensation which in time is to become a star, as 
Kant and Laplace suggested, such central condensation should 
then give us a star of the fourth class. As the energy of condensa- 
tion increased and the temperature got higher, the spectra would 
change through the third and second classes, till ultimately, when 
the temperature was highest, the first class spectrum would be 
reached. On the slackening down of the temperature of the now 
formed star, the spectra of the second, third, and fourth classes 
would then be reproduced, but, of course, now in. the direct 
order. 
Nothing so far has been said-about changes which instead of 

taking millions and perhaps billions of years can be undergone 
in a few days, or weeks, or months. 

Careful observations in the heavens have shown a great many 
years ago that a large number of stars are subject to a consider- 
able change in their brilliancy. ‘The most important work which 
has been “recently done in what we may call the philosophy of 
variable stars we owe to the diligence of Prof. Pickering of 
Harvard Observatory in the United States. He has proposed 
a classification of variable stars, and for the purpose of this lecture 
I have just to make a slight alteration in his classification, as I 
did in the other one. First I will tell you broadly what the 
classification is, and then I will describe as briefly as may be 
some of the more important details which are of the greatest 
moment and interest. There is a whole mine of interest here 
which of course I cannot touch in the time at my disposal. 

The first class of these variable stars then may fitly form 
what are called temporary or new stars—stars which as we 
have had evidence during the last few years—in 1866 and 1876, 
and at the end of last year, suddenly burst into visibility in the 
heavens as if they were new creations, last for a certain time, 
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and then die away. These stars have bright lines in their | change in its light at some time or other, but at all events those 
spectra. | stars in Class IV. have undergone sufficient change to find them- 

The second class gives us those bodies which, although form | selves recorded among suspected variables, while the change 
do not appear and disappear with any suddenness comparable to | actually has been so irregular that one has really practically not 
that, yet indicate that there is something very extraordinary going | known to what class to assign them ; and therefore they have a 
oninthem. They also belong to our fifth class of stellar spectra. | class of their own. 
They have bright lines as well as absorption-lines. ‘These bright The next class of variables I will, on Dr. Pickering’s authority, 
lines, however, only last for a short time ; but bright lines there are. | define-as eclipsed stars : that is to say, in this class the change of 

Next we get stars not so interesting from the large point of | light does not come from anything in the star itself, but from 
view, in which we get considerable changes in their luminosity | something that is happening outside it. What is happening you 
extending over very long periods, but their spectrum apparently | will see by and by. 
does not change to any great extent. At least, no change of the | Now with regard to our first class—the new stars. The ac- 
spectra of these stars has yet been recorded. | companying diagram will give an idea of what has been recorded 

After these, in Class IV. we get small irregular changes, and | withregard tothem. The information which the diagram affords 
in fact, Dr. Gould—and there is no greater authority than | will also give a pretty fair comparison between these variables and 
he—says that every star in the heavens undergoes some slight | the other classes. 

fic. 24.—Light curves of T Corone and Nova Cygni. 

In the year 1866 there was a star which had been chronicled | was that in its spectrum when it was most brightly shining we 
for many years asa star between the ninth and tenth magnitudes; | got the spectrum of incandescent hydrogen. We had, in fact, 

for this reason till 1866 its light curve is shown as a straight | the spectrum of the chromosphere of the sun. It was called “‘a 
line. But suddenly, at the beginning of May 1866, this star | world on fire.” But you know that even the sun is not a world 
suddenly burst up into a star of very nearly the first magnitude— | on fire. If it were, and if it were made of the best Welsh coal, 

between the first and the second. Many observations, as you | we are told that it would last only a few thousand years. But at 

may imagine, were made on it, and among them Dr. Huggins | all events, whatever happened, there was an immense quantity 
turned the spectroscope to it, and it was found that the difference | of hydrogen suddenly rendered incandescent, which radiated its 
between the star when it was between the first and second mag- | light to us. 
nitude, and when it was between the ninth and tenth magnitude, Almost as suddenly this star went down again, and by the 

al 

Fic. 25.—Cornu’s spectrum of Nova Cygni. 

end of the month it had become a ninth or tenth magnitude star, | sequent history. Its light curve, instead of going suddenly down 
and went about its ordinary business just asif the incident had | as the one in Corona did in 1866, goes down gently, and takes 
never happened to it. | nearly a year to get to the tenth magnitude. When it got to the 

Take the next star in 1876, ten years afterwards. It was | tenth magnitude what happened to it? It gave the spectrum of 
called a new star—Nova in Cygnus. The point about this one | a nebula. It had ceased to be a star. An interesting point is to 
is that it began suddenly as a star of between the third and the | inquire—unfortunately we shall never now know—whether or 
fourth magnitudes. It had had no former history. It had never | not that mass of matter did not exist as a nebula before 
been mapped. It did not visibly rise to the position of a third | 1876. . ’ es 
or fourth magnitude star from a lower level as the other one had I have stated that, following close upon the publication of Dr, 
done, but it burst out suddenly. Note the difference in its sub- | Vogel’s paper on the new star, another paper announced the fact 
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that the new star had put on the appearance presented ordinarily 
by the so-called planetary nebulz. 
“Of all the lines chronicled by Cornu and Vogel during its 

stellar stage, only one remained, that, namely, which the latter 
observer showed to be constantly increasing in brightness while 
all the rest were waning, and which, moreover, was coincident in 
position in the spectrum with that observed in the majority of 
the nebulz. 

0 a 

| 
o 

6.—Vog-l's sz 

from a scientific point of view, although no word would be better 
to describe it in its popular aspect. ‘The word is a misnomer for 
this reason. If any star, properly so called, were to become 
“fa world on fire,” were to ‘*burst into flames,” or in less 
poetical language, were to be driven either into a condition of 
incandescence absolutely, or to have its incandescence increased, 
there can be little doubt that thousands or millions of years 
would be necessary for the reduction of its light to the original 
intensity. 

Mr. Croll has shown that if the incandescence observed came for 
instance from the collision of two stars, each of them half the | 
mass of the sun, moving directly towards each other with a 
velocity of 476 miles per second, light and heat would be pro- 
duced which would cover the present rate of the sun’s radiation 
for a period of 50,000,000 years. 

A very different state of affairs this from that which must 
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The observations of such rare phenomena as the so-called new 
stars are of such vast importance, and will no doubt ultimately 
provide us with a clue to so many oth of a different order, 
that we may well congratulate ourse that this Nova was so 
well watched, and tt is such perfect completeness and 
unity ia the chain of recorded facts. 

It should have been perfectly clear to those who thought about 
such matters that the ar in such a case is a misnomer W 

Dec. 14. 

1877. 
Jan. x. 

Feb, 2. 

Mar. 2. 

a 

cctrum of Nova Cygni. 

have taken place in any of the Novas from the time of Tycho to 
our own, and the more extreme the difference the less can we 
be having to deal with anything like a star properly so called. 

The very rapid reduction of light in the case of the new star 
in Cygnus was so striking that I at once wrote to Mr. Hind to 
ask if any change of place was observable, because it seemed 
obvious that if the body which thus put on so suddenly the 
chromospheric spectrum were single, z¢ might only weigh a few 
fons or even hundre hts, and being so small might be very 
neat us. No motion, however, was perceptible, and Dr. Ball 
has since stated that he could detect no parallax. 

We seem driven, then, from the idea that these phenomena 
are produced by the incandescence of large masses of matter, 
because if they were so produced, the running down of brillianey 
would be exceedingly slow. J. NorRMAN LocKYER 

(Zo be continued.) 

FLAME CONTACT, A NEW DEPARTURE IN 
WATER HEATING? 

le is my intention to prove to you on theoretical grounds, and 
also by experimental demonstration, in such a manner as 

will admit of no possible doubt, that the present accepted 
system of water heating, by gaseous or other fuel, is a very 
imperfect means for an end, and is, both in theory and practice, 
essentially faulty. My statements may appear bold, but I come pre- 
pared to prove them in a manner which I think none of you will 
question, as the matter admits of the simplest demonstration. I 
will, in the first place, boil a specified quantity of water ina 
flat-bottomed vessel of copper; the time required to boil this 
you will be able to take for yourselves, as the result will be 
visible by the discharge of a strong jet of steam from the boiler. 

* A Paper read by Thomas Fletcher, F.C.S., at tke Gas Institute Meeting, 
London, June 9. 

I will then take another copper boiler of the same form, but 
with only one-half the surface to give up its heat to the water, 
and will in this vessel boil the same quantity of water with the 
same burner in a little over one-half the time, thus about 
doubling the efficiency of the burner, and increasing the effective 
duty of the heating surface fourfold, by getting almost double 
the work from one-half the surface. 

The subject is a comparatively new one, and my experiments 
are far from complete on all points, but they are sufficiently so 
to prove my case fully. As no doubt you are all aware, it Is 
not possible to obtain fame contact with any cold, or compara- 
tively cold, surface. This is readily proved by placing a vessel 
of water with a perfectly flat bottom over an atmospheric gas- 
burner: if the eye is placed on a level with the bottom of the 
vessel a clear space will be seen between it and the flame. I 
cannot show this space on a lecture-table to an audience, but I 
can prove its existence by pasting a paper label on the bottom 



Fuly 8, 1886] NATURE 231 

of one of the boilers, and exposing this to the direct impact of a 
powerful burner during the time the water is being boiled, and 
you will see that it comes out perfectly clean and uncoloured. 
‘Now it is well known that paper becomes charred at a tem- 
‘perature of about 400° F., and the fact that my test-paper is not 
‘charred proves that it has not been exposed to this temperature, 
‘the flame being, in fact, extinguished by the cooling power of 
the water in the vessel. I need hardly remind you that the 
Speed with which convected or conducted heat is absorbed by 
any body is in direct ratio to the difference between its own 
temperature and that of the source of heat in absolute contact with 
it ; and therefore, as the source of the heat taken up by the 
vessel is nothing but unburnt gases, at a temperature below 
402° F., the rate of absorption cannot, under any circumstances, 
be great, and the usual practice is to compensate for this ineffi- 
iency by an enormous extension of surface in contact with the 
ater, which extension I will prove to you is quite unnecessary. 
;ou will see I have here a copper vessel with a number of solid 

“copper rods depending from the lower surface ; each rod passes 
through into the water space and is flattened into a broad head, 
“which gives up its heat rapidly to the water. My theory can be 
‘stated in a few words: The lower ends of the rods, not being 
in close communication with the water, can, and do attain, a 
emperature sufficiently high to admit of direct flame contact, 

and as their efficiency, like that of the water surface, depends 
on the difference between their own temperature and that of the 
‘source of heat in absolute contact with them, we must, if my 
theory is correct, obtain a far greater duty from them. TI do not 
wish you to take anything for granted, and although the surface 
of the rods, being vertical, can only be calculated for evaporat- 
‘ing power at one-half that of a horizontal surface, as is usual in 

oiler practice, my margin of increased duty is so great that I 
¢an afford to ignore this, and to take the whole at what its value 
“would be as horizontal surface, and still obtain a duty 50 per 

sent. greater from a surface which is the same in area as the flat- 
bottomed vessel on the fire side, but having only one-third the 
surface area in contact with the water. I do not, of course, pro- 
fess to obtain more heat from the fuel than it contains, but 
‘simply to utilise that heat to the fullest possible extent by the 
use of heating surfaces, beyond comparison. smaller than what 
have been considered necessary, and to prove not only that the 
heating surfaces can be concentrated in a very small area, but 
also that its efficiency can be greatly increased by preventing 
close water contact, and so permitting combustion in complete 
contact with a part of the heating surface. I will now boil 4o 
ounces of water in this flat-bottomed copper vessel, and, as you 

will see, sharp boiling begins in 3 minutes 15 seconds from the 
‘time the gas is lighted. The* small quantity of steam evolved 
"before this time is of no importance, being caused partly by the 

driven off from the water and partly from local boiling at the 
ges of the vessel owing to imperfect circulation. On the 

tom of this vessel is pasted a paper label which you will see 
is untouched by the flame owing to the fact that no flame can 

“exist in contact with a cold surface. 
_ It may be thought that, owing to the rapid conducting power 
‘of copper, the paper cannot get hot enough to char. This is 
“quite a mistake, as I will show you by a very curious experi- 
‘ment. I will hold a small plate of copper in the flame for a few 
‘seconds, and will then hold it against the paper. You will see 
‘that, although the copper must of necessity be at a temperature 
‘not exceeding that of the flame, it readily chars the paper. We 
can, by a modification of this experiment, measure the depth of 
‘the flameless space, as the copper, if placed against the paper 
‘before it has time to be previously heated, will, if not thicker 
than 1/40 inch, never become hot enough to discolour the 
aper, showing that the flame and source of heat must be below 

‘the level of a plate of metal this thickness. 
Tn repeating this experiment I must caution you to use flour 

4 aste, not gum, which is liable to swell and force the paper 
ast the limit of the flameless space, and also to allow the paste 
)dry before applying the flame, as the steam formed by the 

wet paste is liable also to lift the paper away and force it into 
‘the flame. I will now take this vessel, which has only one-half 
the surface in contact with the water, the lower half being 
eovered with copper rods, 3/16 inch diameter, 34-inch centres 
‘apart, and 13 inch long, and you will see that with the same 

mer as before, under precisely the same conditions, sharp 
boiling takes place in 1 minute 50 seconds, being only 13 seconds 
nore than half the time required to produce the same result with 

i€ same quantity of water as in the previous experiment. 

Although the water surface in contact with the source of heat 
is only one-half that of the first vessel, and the burner is the 
same, we Can see the difference not only in the time required to 
boil the 40 ounces of water, brt also inthe much greater force and 
volume of steam evolved when boiling does occur. With refer- 
ence to the form and proportions of the conducting rods, these 
can only be obtained by direct experiment in each case for each 
distinct purpose. The conducting power of a metallic rod is 
limited, and the higher the temperature of the source of heat, 
the shorter will the rods need to be, soas to insure the free ends 
being below a red heat, and so prevent oxidation and wasting. 
There are also other reasons which limit the proportions of the 
rods, such as liability to choke with dirt and difficulty of clean- 
ing, and also risk of mechanical injury in such cases as ordinary 
kettles or pans ; all these requirements need to be met by dif- 
ferent forms and strengths of rods to insure permanent service, 
and, as you will see further on, by substituting in some cases a 
different form and type of heat conductor. To prove my theory 
as to the greater efficiency of the surface of the rods in contact 
with the flame as against that in direct contact with the water, I 
have another smaller vessel which, including the rods, has the 
same total surface in contact with the flame, but only one-third 
the water surface as compared with the first experiment. Using 
again the same quantity of water and the same burner we get 
sharp boiling in 2 minutes 10 seconds, being an increase of duty 
of 50 per cent., with the same surface exposed to the flame. The 
rods in the last experiment form two-thirds of the total heating 
surface, and if we take, as I think for some careful experiments 
we may safely do, one-half the length of the rods to be at a 
temperature which will admit of direct flame contact, we have 
here the extraordinary result that flame contact with one-third of 
the heating surface increases the total fuel duty on a limited area 
50 percent. This really means that the area in contact with 
flame is something like six times as efficient as the other. In 
laboratory experiments it is necessary not only to get your result, 
but to prove your result is correct, and the proof of the theory 
admits of ready demonstration in your own laboratories, al- 
though it is unfit for ‘a lecture experiment, at all events in the 
only form I have tested it. If you will take two ordinary metal 
ladles for melting lead, cover the lower part of one of these 
with the projecting rods or studs and leave the other plain, you 
will find on melting a specified quantity of metal in each that the 
difference in duty between the two is very small. The slight 
increase may be fully accounted for by the difference in the 
available heating surface reducing the amount of waste heat 
passing away, and this proves that flame-contact, and therefore 
quick absorption of heat, takes place on plain surfaces as soon 
as these are above a certain temperature, which, in a metal 
ladle, very soon occurs. What the temperature is which admits 
of flame-contact I have, as yet, not been able to test thoroughly, 
and it will need some consideration how the determination of 
this is to be correctly made ; at the same time it is a question in 
physics which should be capable of being answered. 

Let us now take the other side of the question. If the effi- 
ciency of a surface depends on flame contact, there must of course 
be flame, or at least gases of an extremely high temperature, and 
we therefore cannot expect this extraordinary increase of efficiency 
in any part of our boiler except where flame exists, and if these pro- 
jectors are placed in a boiler, anywhere except in contact with 
flame, their efficiency must be reduced to that of ordinary heat- 
ing surface. They are, of course, useful, but only in the same 
way as ordinary flue surface. When we come to boilers for 
raising steam, which have to stand high pressures, we come to 
other difficulties of a very serious nature, which require special 
provision to overcome them. To put such rods as I have re- 
ferred to in a boiler-plate necessitates the plate being drilled all 
over with holes, causing a dangerous source of weakness, as the 
rods cannot be used as stays; further than this, they would render 
really efficient examination a matter of extreme difficulty, and 
would be liable to give rise to frequent and almost incurable 
leakages ; but there is, fortunately, a very simple way to over- 
come this difficulty. I have found that rods or points, such as 
I have described, are not necessary, and that the same results 
can be obtained by webs or angle-ribs rolled in the plates. My 
experiments in this direction are not complete, and at present 
they tend to the conclusion that circular webs, which would be 
of the greatest efficiency in strengthening the flues, are not so 
efficient for heating as webs running lengthwise with the flue, 
and in a line with the direction of the flame. This point is one 
which I am at present engaged in testing with experimental 
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boilers of the Cornish and Lancashire types, and as, with gas, 
we have a fuel which renders every assistance to the experi- 
menter, it will not take long to prove the comparative results 
obtained by the two different forms of web. Those of you who 
have steam-boilers will, no doubt, know the great liability to 
cracking at the rivet-holes in those parts where the pilates are 
double. ‘This cracking, so far as my own limited experience 
goes, being usually, if not always, on the fire side, where the 
end of the plate is not in direct, contact with the water—where 
it is, in fact, under the conditions of one of the proposed webs 
—I think we may safely come to the conclusion that this crack- 
ing is caused by the great comparative expansion and contrac- 
tion of the edge of the plate in contact with the fire ; and it will 
probably be found that if the plates are covered with webs the 
whole of the surface of the plates will be kept at a higher and 
more uniform temperature, and the tendency to cracks at the 
rivet-holes will be reduced. ‘This is a question not entirely of 
theory, but needs to be tested in actual practice. 

There is another point of importance in boilers of the loco- 
motive class, and those in which a very high temperature is kept 
in the fire-box, and this is the necessity of determining by direct 
experiment the speed with which heat can safely be conducted 
to the water without causing the evolution of steam to be so 
rapid as to prevent the water remaining in contact with the 
plates, and also whether the steam will or will not carry mech- 
anically with it so much water as to make it objectionably 
wet, and cause priming and loss of work by water being carried 
into the cylinders, I have observed in the open boilers I use 
that when sufficient heat is applied to evaporate 1 cubic foot of 
water per hour from 1 square foot of boiler surface, the bulk of 
the water in the vessel is about doubled, and that the water 
holds permanently in suspension a bulk of steam equal to itself. 
I have, as yet, not had sufficient experience to say anything posi- 
tively as to the formation or adhesion of scale on such surfaces 
as I refer to, but the whole of my experimental boilers have up 
to the present remained bright and clean on the water surface, 
being distinetly cleaner than the boiler used with ordinary flat 
surfaces. Itis, I believe, generally acknowledged that quick heat- 
ing and rapid circulation prevents to some ,extent the formation 
af hard scale, and this is in perfect accord with the results of 
my experiments. The experiments which I have shown you I 
think demonstrate beyond all question that the steaming-power 
of boilers in limited spaces, such as our sea-going ships, can be 
greatly increased ; and when we consider how valuable space is 
on board ship, the matter is one worthy of serious study and ex- 
periment. It may be well to mention that some applications of 
this theory are already patented. 

I will now show you as a matter of interest in the application 
of coal gas as a fuel how quickly a small quantity of water can 
be boiled by a kettle constructed on the principle I have de- 
scribed, and to make the experiment a practical one I will use a 
heavy and strongly-made copper kettle which weighs 64 lbs., 
and will hold when full one gallon, In this kettle I will boil a 
pint of water, and, as you see, rapid boiling takes place in 50 
seconds. The same result could be attained in a light and 
specially-made kettle in 30 seconds, but the experiment would 
not be a fair practical one, as the vessel used would not be fit 
for hard daily service, and I have therefore limited myself to 
what can be done in actual daily work rather than laboratory 
results, which, however interesting they may be, would not be a 
fair example of the apparatus in actual use at present. 

THE CRATERS OF MOKUAWEOWEO, ON 
MAUNA LOA? 

URING last year I was engaged for many months in survey- 
ing lands on Mauna Hualalai and Mauna Loa, in Hawaii, 

and in that way had an opportunity of making investigations of 
craters and lava flows that may be of interest to those studying 
volcanic phenomena. ae 

It would seem that, as the best histories are those written long 
after the events which they record, when all the reports of eye- 
witnesses can be carefully examined, so the best descriptions of 
volcanic action may be obtained long after eruptions, by carefully 
investigating the records indeliby inscribed in the rocks. 

The ascent of Mauna Loa is so seldom made that a brief 
account of my excursions may be interesting. 

* By J. M. Alexander, from the Yawaiian Commercial Advertiser of 
October 1885. 

On September 1, 1885, I set out in company with Mr. J. Ss. 
Emerson, of the Hawaiian Government Survey, to ascend that 
mountain from the table-land east of Hualalai, along the south 
side of the lava-flow of 1859, which, as many will remember, 
was visited by a party from Oahu College. We were provided 
with mules for riding and pack-donkeys, and accompanied by 
several natives, including a so-called guide, who lost himself and 
delayed us over a day in searching for him, 

Our route led first through a narrow belt of forest, consisting 
of mamane, ohia, and sandalwood trees ; then through a scanty 
vegetation of ohelos and the beautiful Cyathodes Tameiamete, 
and at last beyond the limits of vegetation, without a vestige 
even of moss or lichen, over a wonderful and awful billowy 
waste of ‘pahoehoe” Java, traversed by tracts of ‘faa” and 
deep chasms. ; 

At about two-thirds of the distance towards the summit we 
passed the rugged crater hill from which the outbreak of 1859 
had issued, and here our path was strewed with pumice ane 
“*Pele’s hair” from that eruption. There was an enormous 
quantity of lava poured forth from the small fissure of this” 
crater, forming a stream from half a mile to two miles wide, and 
reaching nearly thirty miles to the ocean at Kiholo. Lower 
down I counted eighteen species of ferns and a dozen kinds of 
phenogamous plants already growing on this flow. In this 
vicinity the caverns contained many carcasses of wild goats. In 
one further south I counted eighty of their skeletons and decaying 
bodies. ‘They had probably leaped in for shelter, and had been 
unable to leap out. 

When near the summit our guide warned us to descend, be- 
cause of an approaching storm; but Mr. Emerson and ue 
anxious to accomplish the object of our journey, set out without 
him through the driving rain that soon turned into hail and then 
into snow, marking our route with flags so that we might be able. 
to find our way back. Ina short time we reached the brink of 
the vast crater of Mokuaweoweo, filled with fog and surrounded’ 
by frightful precipices. Along this brink were numerous deep: 
fissures filled with ice and water, the beginning of cleavage for 
avalanches into the crater. Here, and for a quarter of a mile 
below, we observed many rocks of a different kind from the 
surface lavas, solid, flinty fragments of the foundation walls, 
weighing from fifty pounds to a ton, which had formerly fallen” 
down upon the crater floor and had afterwards been hurled out 
during eruptions. I noticed similar rocks around the summit 
craters of Hualalai. It would be unsafe to approach the crate! 
at this place during eruptions, when such brickbats were 
flying. i 
We returned to our camp about noon, and sent the poor 

animals, which had stood all nigh®in the icy wind tied to jagged” 
rocks, in the care of the guide down the mountain ; and with the 
help of one native, with much difficulty, carried a tent and 
supplies to the summit. 4 

At evening the fog lifted and gave us a glimpse of the craters. 
Immediately below us lay the central crater, surrounded by al- 
most perpendicular walls, with a pahoehoe floor streaked with 
grey sulphur cracks, from hundreds of which there issued 
columns of steam, and with a still smoking cone in the south | 
end, Beyond this central crater on the south rose a high mening | 
and beyond this plateau still further south we saw an openin, 
into another crater small and deep. In the opposite direction, — 
north of the central crater, appeared another higher crater lik 
an upper plateau, from which a torrent of lava had once poure 
into the central crater, and north of this again another crate 
like a still higher plateau, from which also lava had flowed 
south. ‘ 

Thus it was evident, as appeared more clearly by subsequent 
investigation, that Mokuaweoweo is not simply one crater, but @ 
series of four or five craters, the walls of which have broken 
down, so that they have flowed into each other. 

The crater of Haleakala, on Maui, was probably formed in a 
similar manner out of several ancient craters which have broken 
into each other. ‘These vast chasms may well be called calde: 
as has been recommended by Captain Dutton. On Huala 
there is a series of craters having the same relative position — 
those of Mokuaweoweo, and crowded so close together as to b 
almost broken into one. On the older mountains, like that ol 
West Maui, such congeries of craters have evidently formed the 
starting-points for deep valleys, which the rain torrents, leapin, 
down their lofty walls, have torn out through concentric layers 
of lava to the sea. Just before sunset we saw the splend 
phenomenon of the ‘Spectre of the Brocken” (Hookuaka), 
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‘our shadows on the mist, encircled with rainbows, over the black 
inferno, 

We erected a survey signal for determining the location and 
height of the summit, and also of an important land boundary 
‘in the crater, viz. the corner where the four lands of Keauhou, 
“Kahuku, Kapapala, and Kaohe meet, which is at the cone in 
the central crater. We then descended the mountain, carrying 
more weight than was agreeable, until we were met by our 
natives bringing up our mules, for which we had signalled by 
fires. On the way down a violent thunderstorm was raging 
below us, while we were above in clear air, On my next trip 
up this mountain I found a tree on the slope below completely 
rent to splinters, and parts of it thrown several rods, by the 
lightning of this storm. 

During the next month I ascended the mountain again, this 
time carrying an excellent engineer’s transit. As I had no guide, 
1 marked most of the way up bystrips of cloth fastened to rocks 

to find the way back ; and taught by our former experience, I 
“took adonkey-load of fuel, as well us a load of grass for making 
a spherical survey signal, which served me several nights as a 
bed. When about half-way up the mountain, one of our pack- 
donkeys broke into a lava cave, and slid downwards nearly out 
of sight. It was extricated with great difficulty by a direct up- 
ward lift with ropes. I then sent one of my men down the 
mountain with the donkeys, retaining the other man with me. 
The first night on the summit was uncomfortable enough for us, 
with a storm from the north. At midnight we observed with a 

peehted candle that the roof of the tent was a-sparkle with ici- 
cles, and on touching it found it frozen stiff as a bullock’s hide. 
In the morning we found a beautiful sheet of snow an inch thick 
ver the tent and over all the ghastly blackness of the rocks. 

Tvery morning of our stay upon the mountain we found the 
water frozen in our kettles, and hoar-frost on the rocks. 

In the clear frosty air I was able with my transit to take the 
bearings of a dozen survey signals on the slopes and summit of 
Tualalai. 
i The new spherical signal which T had erected was afterwards 
accurately determined by observations from more than twenty 
Stations on Mauna Kea, Hualalai, and in South Kkona, and thus 

a trigonometrical station was at last located on the very summit 
of Mauna Loa. 

On the second day I descended from the west brink of the 
crater down the track of a high avalanche of rocks upon the 
second plateau, and again from this plateau by the path of 
another ‘avalanche into the central crater, stepping cautiously 
down upon the black floor of the crater, lest it should break 
under our weight. We found this caution unnecessary, for much 
of the crater bottom proved to be the most solid kind of 
pahoehoe. 5 

Here we stood as on the congea'ed surface of a tossing sea 
that had dashed its fiery surf thirty feet up on the surrounding 
walls, We travelled directly south for the cone, the boundary 
“corner, which I was to locate, erecting two flags about 2500 
feet apart for the ends of our base-line. In some places, where 
there appeared to have been violent action, the lava broke under 

our feet, letting us down into caverns. In some large tracts the 
pahoehoe was coyered with pumice, indicating the violence of 
_ the former surging and tossing of the lava, for pumice and other 

ight lavas seem to be the froth and foam of the fiercest erup- 
tions. Just before reaching the cone we came to a deeper basin, 
twenty or more feet below the rest of the crater bottom and 
about 400 feet wide, covered with the most friable lava, swollen 

“upwards as though raised by air-bubbles, and this basin extended 
in a lava flow to the north-east along the side of the crater. 
_ Probably this was the place of the last eruption, and of most 
of the eruptions of this central crater. We found the cone to 
be composed of pumice and friable lava still hot and smoking, 
and very difficult to ascend, but we succeeded in climbing to its 
‘top, 140 feet high, and in setting up a flag there for the boundary 
orner. We then descended between the east and west peaks of 
is cone over huge rocks and deep chasms. 

_ From the fact that this cone is represented on Mr, J. M. 
Lydgate’s map of 1874, I conclude that it has been of long con- 
finuance, probably composed of the cinders of successive erup- 
tions, and that the deep basin to the windward of it, like 
Halemaumau in Kilauea, has continued many years, and is 

situated at the great central volcanic throat of the mountain, 
5 I then returned to the second plateau to the north, and thence 
clambered out to the east of Mokuaweoweo by the extremely 
interesting route of a former cataract of lava from the summit 

a 

into the crater, the swift downfall of which had turned its lava 
almost into pumice, and the black, shining spray of which lay 
spattered on the surrounding rocks. 

Further south I observed the course of two other cataracts, 
which had poured directly into the central crater. At the 
summit I found the deep fissure from which the outbreak had 
come that caused these cataracts, and ascertained that it had also 
poured an immense stream north upon the first plateau and 
thence south to the central crater. Crossing from this place to 
the north over the first plateau I suddenly came to a frightful 
circular crater in the bed of the plateau, apparently 600 feet 
deep and tooo feet wide, with a cone in its centre still smoking. 
We were obliged to hurry with exhausting speed over rough lava 
in order to reach our tent before night. 

The next day we took the transit to the stations in the crater, 
and the next we surveyed with it along the western brink to the 
extreme south end, where we looked down into the south crater, 
which is about 800 feet deep and 2500 feet wide. The length 
of the whole chasm, or “caldera,” I have ascertained to be 
about 19,000 feet, the greatest breadth 9000 feet, and the 
greatest depth 800 feet. The area is three and six-tenths square 
miles. A map of these craters has been sent to the Government 
Survey Office, 

On the south-west side, near the junction of the central crater 
with the south plateau, I found that there had been another 
eruption, from fissures that were still smoking, and that this 
eruption had poured an immense stream southward towards 
Kahuku, and had also poured cataracts into the south crater 
from all sides. 

I had everywhere observed that there had been great flows 
from the summit brink down the mountain, and had wondered 
at the thought of the vast chasm having filled up and overflowed 
its brim. 

This, however, turned out to be an incorrect view. The flows 
have not been from the lowest parts of the brim, but from some 
of the highest, which could not have been the case in an 
overflow. 

The walls of the craters are largely composed of loose, old, 
weather-beaten rocks, and large tracts of the plateau are com- 
posed of old pahoehoe that has not been overflowed for ages, 
which would not be the case if the craters filled and overflowed. 

These outbreaks from fissures around the rim indicate that the 
lava has rather poured into the crater than out of it ; and that it 
has poured from such fissures in vast streams down the mountain- 
side. What enormous quantities of lava may flow from such 
small fissures is illustrated by the flow of 1859. The question 
arises, How has the lava risen high enough to pour in extensive 
eruptions through these fissures, almost a thousand feet above 
the bottom of the crater, without rising in the crater and over- 
flowing it? The same question has often been asked in respect 
to the rise of liquid lava to the summit of Mauna Loa without 
overflowing the open crater of Kilauea, 10,000 feet below. 
We have seen that it is not because the lava in Mokuaweoweo 

is lighter than that in Kilauea that it rises so much higher, In 
fact, it is as solid there as in Kilauea. ‘The explanation has 
occurred to me that molten lavas rise the higher the smaller the 
conduits in which they rise from their subterranean reservoirs. 

An illustration is afforded by the ‘spouting horns” on the 
sea-coast, where the ocean, rushing into caverns of rock, drives 
columns of water through small openings to the height of forty or 
fifty feet above high-water mark. We see another illust ration in 
water conveyed in pipes, which jets the higher the smaller the 
orifice. 

However violent the subterranean pressure may be, Kilauea 
does not overflow, but only rages the more fiercely, because its 
passage from the chambers below is so large. But through the 
yast mountain of Mauna Loa there is no doubt a constricted con- 
duit leading upward ; and there must be still smaller conduits to 
the fissures on the summit rim, On this theory, the molten lava 
rises higher through Mauna Loa than in Kilauea, because Mauna 
Loa has the smaller throat. 

It is therefore by no means certain that there is no subter- 
ranean connection between the two volcanoes. 

Another vexed question, of which several solutions have been 
proposed, is the mode of formation of the two strongly contrasted 
forms of lava known as “‘pahoehoe” and ‘‘aa.” The former 
term is applied to tracts of comparatively smooth and uniform 
lava, as though it had cooled while flowing quietly ; the latter to 
tracts of broken lava, as though it had cooled when tossing like 
an ocean in a storm, and had then been broken up by earth- 
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quakes. As Mr. Brigham states, ‘‘No words can convey an 
idea of its horrible roughness and hardness.” 
My own belief is that ‘‘aa” has been formed simply by 

obstructions breaking the quiet flow of molten lava. Every 
observer has noticed that ‘* pahoehoe” contains ducts and air- 
chambers, having an upper crust contorted into the shape of the 
waves and ripples of the flowing lava. The liquid lava has 
evidently flowed in these ducts and chambers, and at last flowing 
out has left them empty with glazed interior surfaces. In like 
manner torrents of lava have poured through caverns down the 
mountains to the sea, and flowing out have left the innumerable 
caves, smooth and shining within, to be found all over the 
island. Now, when there are obstructions on the earth’s surface 
or meeting flows, this system of ducts is broken up, and frag- 
ments of lava are carried along on the surface, piling up higher 
than the adjacent ‘‘ pahoehoe,” like ice-packs in rivers, and 
sometimes rolling immense boulders twenty and thirty feet high, 
which now stand on the ‘‘aa” with the drip glistening over 
them. This theory is confirmed by the fact that ‘‘ aa” is always 
higher than the adjoining ‘‘pahoehoe,” and also by the fact, 
which I especially noticed in the flow of 1859, that wherever 
there are open spaces in lava flows (kipukas), the old lava under 
the flow is found to be ‘‘ pahoehoe” under ‘‘ pahoehoe”’ and 
aa” under “‘aa.” 
While surveying the region I was extremely interested in the 

arrangement of the craters ; and now having determined the 
situation of more than fifty of them on Mauna Loa, Hualalai, 
and Mauna Kea, I have ascertained that there is a method in 
their arrangement. They are not arranged relatively to the 
mountain on which they are situated, but relatively to the points 
of the compass. There seems to have been a series of nearly 
parallel fissures through which these craters have risen, in lines 
running from S. 40° E. to S, 60° E. There are a few arranged 
in lines running N. 50° E. 

It has been remarked by Mr. W. T. Brigham that, while the 
general trend of the Hawaiian group and of the major axis 
of each island is N. 60° W., there is no crater on the islands 
whose major axis is parallel to this line. ‘‘On the contrary,” 
he continues, ‘‘a very interesting parallelism is observed among 
all the craters, and invariably the longest diameter is north and 
south.” It would be more correct to say that the major axes of 
the great craters are generally at right angles to the general axis 
of the group, 7.e. about N. 30° E. Haleakala and the ancient 
Kipahulu caldera appear to take the other direction, but the 
statement is certainly true of the great calderas of Kilauea and 
Mokuaweoweo, which have other points of resemblance. 

Thus in both the highest walls are on the western side, and in 
both the action is working towards the south-west, as is indicated 
by the fact that the north-east craters are nearly filled up, while 
the deepest and active craters are in the south-west end of the 
caldera. 

It has been shown by Prof. Dana and other geologists that 
the principal mountain-ranges of the globe, as well as the main 
coast-lines and chains of islands, take the two directions just 
mentioned, “which are in general tangential to the Arctic and 
Antarctic circles.” Thus it appears that the laws in accordance 
with which the volcanic forces are now operating in these islands 
are the same as those by which all the grand features of our 
world have been established, and possibly related to the laws of 
crystallisation which pervade the mineral kingdom ; and thus we 
perceive a unity in the processes of the globe. 

In conclusion, I would remark that to my mind the most 
plausible theory to account for volcanic action is that of Mallet, 
that the contraction of the earth’s crust continually going on 
under the power of gravitation causes as much internal heat as 
would be required to cause a similar expansion. Prof. Dana 
has remarked that ‘‘the fact is well established that motion in 
the earth’s rocks has been a powerful source of heat,”’ and that 
the annual crushing of not over one-sixth of a cubic mile of 
rocks in the earth would cause all the voleanic phenomena of the 
world. This theory has the beauty of attributing all these 
phenomena to a single cause, and of thus suggesting the thought 
of the one great Power above the inexplicable forces of 
gravitation, who continues all the forces of the universe. 

IMMISCH’?S THERMOMETER 

“HIS instrument depends for its action upon the opening 
and closing of a minute volute Bourdon tube, which for this 

purpose is filled with expansive liquid and hermetically sealed. 
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One end of the tube is fixed, and the free end is brought into 
contact with the short arm of a lever, the long arm of which 
forms a rack gearing with a pinion which carries the pointer. 
The position of the tube with regard to the short lever-arm is 
such that for ordinary purposes the divisions on the dial are 
equal, while for clinical use the scale is an increasing one, in 
order that near blood-heat the divisions become wider to permi 
of a fraction of a degree being read off accurately. 

The success which these instruments meet with is owing prin- 
cipally to their sensitiveness, accuracy, and non-liability to get 
broken, If they should meet with an accident they can be easily 
repaired. 

The appellation “‘ metallic” does not seem to be a happy one 
for these thermometers, as they are likely to be confounded with 
the unsuccessful attempts which have been made to produce 
instruments for similar purposes by means of bi-metallic lamina. 
The defects of the latter are the extremely small v/s vzva ayail- 

& 

— 

4 

able for the work of multiplying the small motion of the laminze, — 
and the liability to not return to precisely the same point after 
being subjected to extremes of temperature. In this latter 
respect there is a double security with the instrument which is — 
the subject of this notice. The tube is in itself a very flexible 
spring, the motion of which does not overreach the limits of | 
perfect elasticity, and its position at any given time is deter-_ 
mined by the volume of the liquid, which, of course, remains — 
always a constant quantity whatever the volume may be. As 
the tube is absolutely full, it must of necessity always accommo- 
date itself to the volume and correctly indicate the temperature. 

As regards accuracy, we are informed that upwards of 500 
have already been tested at Kew—we have ourselves seen the 
certificates of the last group of two dozen clinical ones, and ~ 
they give the remarkable results of perfect accuracy at 66 per 
cent. of the points tested, and of no error greater than 0°°2 at 
any point on any one of the twenty-four thermometers. Al 
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SCIENTIFIC SERIALS j 

Rendiconti del Reale Istituto Lombardo, May 13.—On the 
theory of waves, by Prof. E. Beltrami. The author presents 
some considerations which place ina clearer light the process 
by which F. Neumann deduces the laws of Fresnel from the 
fundamental equations of elasticity.—Dynamics of moving sys- 
tems which preserve their mutual affinity, by Prof. C, F ormenti. 

Rivista Scientifico-Industriale, May 31.—Maximum and rela- 
tive humidity of the atmosphere, by Prof. Paolo Cantoni. 
Hygrometric tables of mean annual moisture, recorded at thirty 
meteorological stations in various parts of Italy, show that the 
average of maximum and relative humidity increases from north 
to south, from elevated to low-lying stations, and from inland to 
maritime districts.—On the persistence of the mathematical 
figure of the earth throughout the geological epochs, and on the 
constitution of the terrestrial crust, by Prof. Annibale Ricco. A 
summary is given of M. H. Faye’s views on this subject already 
published in the Comptes vendus of the French Academy (March 
22 and April 5, 1886), the author concluding that the mathe-_ 
matical figure of the globe, as represented by the surface o} 
oceans, has not been perceptibly modified by the geological 
forces associated with the cooling process. —On the permanent 
magnetism of steel at various temperatures, by Prof. Poloni. It _ 
is shown that at the temperature of 180° C. the well-known law 
of magnetic distribution in steel bars no longer holds good when 
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the bars have been magnetised without being first subjected to 
reat variations of temperature and kept free from telluric action 
by being held in a vertical position. 

SOCIETIES AND ACADEMIES 

LONDON 

Royal Microscopical Society, June 9—Rey. Dr. Dal- 
inger, F.R.S., President, in the chair.—Mr. G. F. Dowdeswell 
described a preparation of the microbe of rabies in the spinal 
cord of a rabid dog, which he exhibited X 400. — Prof. 

. Jeffrey Bell exhibited a specimen (received from Prof. 
McIntosh) of a very young starfish, in a stage so early 
as to show clearly the knob-like portions of the larval 
ergan. Prof. McIntosh has been giving some of his know- 
ledge and skill to fishing observations, which had been ren- 
dered possible by the facilities afforded by an enlightened 

ishery Board in Scotland.—Mr. F. R. Cheshire exhibited a 
device for the better examination of Bacteria in culture tubes, 
the cylindrical form of the tube so distorting the appearance of 
the contents that it was almost impossible to make any observa- 
tions upon them under the microscope. The first plan adopted 
was that of placing the tube in a trough of water and then 
Tooking at it through the front of the trough. This was found 
‘to diminish the aberration very much, but it did not get rid of it 

_ altogether, and was, therefore, only available under very low 
powers. Water having a refractive index of about 1°333 and 
alcohol of about 1°374, by adding water to alcohol a mixture 

having a refractive index of anything between the two could be 
obtained according to the proportions used. Gelatine has a 
tefractive index rather higher than that of water, and the inter- 
position of a cylinder of glass added something to this. The 
trough which he employed had a front of rather thin glass, the 
hottom being sloped in such a way as to cause a tube placed in 
the trough to lie always near to the front. The tube to be exa- 
mined was placed in the trough with some water, and then alcohol 
was added until the proper density was arrived at, and by this 
means it was quite possible to use a 3-inch objective effectively. 
—Prof. Bell, at the request of the President, gave an account of 
What he regarded as the most extraordinary biological fact 
brought to light during the last twenty-five years—that of a third 
“eye at the top of the head of certain lizards. —Mr. Crisp called 
attention to a new lamp for the microscope which had been sent 
‘for exhibition by Mr. Curtis, and which was so cheap and 
Tes that it seemed likely to become the lamp of the future. 

it was founded on the lamp originally devised by Mr. Nelson.— 
Mr. A. Brachet’s communication suggesting the use of a hyper- 

“bolic lens for the field-lens of the eye-piece was read. Mr. 
' Brachet claimed that thereby the diaphragms in the eye-piece 
/ and objective could be dispensed with, and the image much im- 
_preved.—Dr. Crookshank read a paper on photo-micrography, 
which was illustrated by the exhibition of a large number of 
| prints, negatives, &c. Mr. Glaisher, President of the Photo- 
graphic Society, said he had examined Dr. Crookshank’s 
exhibits, and thought they were certainly very beautiful produc- 
‘tions. He had for many years taken a great interest in the sub- 
“ject of photography, and had looked to it with hopes which had 
been more nearly fulfilled than ever before by the specimens 
before them. He had heard the paper with great pleasure, and 
could only express his admiration of it, believing as he did that 
itheld out great promise for the future.—Mr. F, Enock exhi- 
hited sketches of some of his slides, the various parts being 
‘numbered and named and accompanied by a short explanation. 
Ttis intended to issue sketches of all the mouth organs of British 
bees and other interesting insects. 

‘Mineralogical Society, June 22.—Mr. L. Fletcher, Presi- 
‘dent, in the chair.—Mr. Andrew Taylor was elected a Member. 
—The following papers were read :—C. O. Trechmaine, Ph.D., 
on barytes from Addiewell, West Calder, N.B.—Prof. E. Kinch, 
on plattnerite.—F. H. Butler, M.A., on dufrénite.—R. H. 
Solly, on anglesite from Portugal ; and on apatite from Cornwall. 
—Mr. R. Simpson (visitor) exhibited a very large rolled crystal 
topaz from Tasmania.—Several interesting specimens were re- 
exhibited by the President, Mr. Rudler, and others. 
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| Academy of Sciences, June 28.—M. Jurien de la Graviére, 
President, in the chair.—On the theory of minima surfaces, by 

; 
Fs 

M. G. Darboux. The results hitherto arrived at in the study 
of minima surfaces lead naturally to the inquiry here instituted 
regarding the determination of all minima algebraic surfaces 
contained in a given algebraic curve, or, more generally, to 
determine all the minima algebraic surfaces inscribed in a given 
algebraic curve.—On the subject of certain circumstances pre- 
sented by the movement of the hydro-extractor, by M. de 
Jonquiéres. The author deals with the normal case (omitted 
by Poinsot), in which the movement of precession is compli- 
cated and rendered irregular by movements of nutation.—On a 
process by means of which the oscillations of an absolutely free 
pendulum may be mechanically counted, by M. M. Deprez. The 
principle is described of an apparatus not yet constructed, which 
is intended to record the number of vibrations without exer- 
cising any mechanical influence on the pendulum. Without 
this condition the results would be worthless, as the vibrations, 
instead of being effected under the influence of gravitation alone, 
would be affected by the action of a force of unknown magni- 
tude. The problem is solved by the aid of optics, light being 
the only agent which exercises no mechanical action on the bodies 
exposed to its influence.—On the persistence of voluntary move- 
ments in bony fishes after removal of the cerebral lobes, by M. 
Vulpian. The author’s experiments with carp fully confirm 
Steiner’s recent conclusions regarding the persistence of the 
voluntary movements in fishes thus operated upon. They also 
show that the faculty of sight is unaffected by the operation, as 
already proved by the author in 1864.—On the normal metro- 
nome, by M. Saint-Saens. Owing to the defective character of 
this instrument, it is found to be of little practical service 
to musicians. Hence the Academy is urged to supply a 
normal metronome mathematically regulated which, before 
being issued to the public, should be tested and stamped like 
all diapasons, weights, and measures. The matter was referred 
by the President to the Section for Mechanics and Physics. —On 
the extension of a theorem of Clebsch relating to curves of the 
fourth degree, by Prof. Sylvester.—A fresh series of experiments 
on the automatic action of the regulating apparatus constructed 
at the Aubois sluice, by M. A. de Caligny.—On the fluorescence 
formerly attributed to yttria, by M. Lecoq de Boisbaudran. 
By recognising the complex character of yttria and announcing 
the existence of new elements characterised by fluorescent bands 
at first attributed to yttria (NATURE, June 17, pp. 160-62), the 
author considers that Mr. Crookes has implicitly adopted the 
opinion always held by him regarding the true character of these 
bands. But from the fresh experiments here described it is 
pointed out that further interesting studies will have to be made 
in order thoroughly to elucidate the subject.—Remarks accom- 
panying the presentation of a work entitled ‘‘ Cosmogonic Hypo- 
theses: an Inquiry into the Modern Scientific Theories on the 
Origin of Worlds, with a Translation of Kant’s ‘ Theory of the 
Heavens,’” by M. Wolf. In writing this work the author's 
object has been to show that the theory of Laplace, completed 
by the labours of M. Roche and other savaze/s, still answers best 
to the conditions required of a cosmogonic hypothesis. He 
claims to have met all the objections urged against it, and 
especially that of M. Faye regarding the pretended necessity of 
a retrograde rotation of the planets.—Report on M. Poincaré’s 
memoir entitled ‘‘Influence of the Moon and Sun on the 
Northern Trade- Winds,” by the Commissioners, MM. d’Abbadie 
and Mascart. With certain reservations this memoir is re- 
commended to the favourable consideration of the Academy. 
It shows that there is some truth in the popular opinion respect- 
ing the influence of the moon on the weather, but that this 
influence should be referred not to the new, but to the waning 
phases of the moon, while account should also be taken of the 
antagonistic influence of the sun.—Action of an electric current 
on anhydrous hydrofluoric acid, by M. H. Moissan.—On the 
flow of gases in the case of a permanent 7¢g?me, by M. Hugoniot. 
It is shown that M. Hirn’s experiments in no way contradict 
either the kinetic theory or the laws of hydrodynamics, and, so 
far from refuting, actually confirm the well-known formula of 
Weisbach or Zeuner.—On the condensation of vapours, by M. 
P. Duhem.—On the coefficient of self-induction in the Gramme 
machine (three illustrations), by M. Ledeboer.—On the spectra 
of didymium and samarium, by M. Eug. Demarcay. Some 
fresh results are described, which the author has obtained from 
the study of the photographed absorption-spectra ef various pro- 
ducts of the fractionation of didymium and samarium.—On a 
new double iodide of copper and ammonia, by M. A. Saglier. 
The process is explained by which the author has obtained this 
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new compound, whose formula is 2NH,Cu,Is, as shown by the 

following figures :— 
Found ‘Theory 

Copper 24°66 24°61 24°84 
Todine 66°03 65°01 66°27 
Ammonia ... 8:58 8:66 8°88 

—On the synthesis of an inactive terpilenol, by MM. G. 
Bouchardat and J. Lafont.—Action of anhydrous baryta on 
methylic alcohol, by M. de Forcrand. From the author’s ex- 
periments it follows that whenever the solution of baryta takes 
place in methylic alcohol in the presence of a trace of water, 
which it is very difficult to avoid, the resulting compound should 
be C,H,0,, BaO, H.Oy.— Action of heat on the acetones, by MM. 
P. Barbier and L. Roux. The paper deals fully with the mode 
of decomposition which these substances undergo when sub- 
jected to the influence of red heat.—Decomposition of pilo- 
carpine, by MM. E. Hardy and G. Calmels.—Researches on 
the development of beetroot, by M. Aime Girard. Here the 
author studies more especially the tap-root and radicules, con- 
cluding that the saccharine matter is formed, not in the under- 
ground, but exclusively in the overground parts of the plant. — 
On the functions of the ovoid gland, of Tiedemann’s bodies, and 
Poli’s vesicles in the Asteridze, by M. Cuénot.—On the con- 
junctions of the ciliated Infusoria (Colpidium colpoda, Pava- 
mecium aurelia, and FEuplo’es patella), by M. E. Maupas.—On 
the classification of the Thaliaceze and some other groups of 
Ascidians, by M. F. Lahille.—Note on the Amphistegina of 
Porto Grande, St. Vincent Island, by Ms de Folin,—On the 
functions of the cephalic fossettes in the Nemerte, by M. 
Remy Saint-Loup.—Researches relative to the influence of the 
nerves on the production of lymph, by M. Serge Lewachew.— | 
On the anatomic constitution of the Ascidians attached to the 
rare American plant Heliamphora nutans, Benth., By M. Ed. 
Heckel.— On the presence of a line of erratic boulders stranded 
on the coast of Normandy, by M. Ch, Vélain.—On the erup- 
tion of Etna during the months of May and June, by M. H. 
Silvestri. The discharge during twenty days of activity has 
been approximately estimated at 66,000,000 cubic metres. 

BERLIN 

Physiological Society, May 28.—Dr. Virchow made 
a report of his investigations into the capillaries of the 
vitreous body and their environment. The vitreous body, 
which must no longer be regarded as a tissue, but as an 
organ, showed different structural relations among the dif- 
ferent groups of animals, and, in the case of fishes and the 
frog, was distinguished by its strong bounding cuticle, on which 
the capillaries formed an object of interesting examination. In 
regard to the structure of the capillaries the speaker had come 
to the conviction that they consisted of a fundamental membrane 
which was occupied with cells. The environment of the capil- 
laries formed lymph-spaces, which had not yet, however, mani- 
fested themselves as standing in continuous connection with one 
another. On the cuticles inclosing the lymph-spaces lay cells 
displaying a great multiplicity in form and arrangement among 
the different kinds that had been examined.—Prof. Munk 
attacked the position taken up at the last sitting of the Society 
by Prof. Christiani respecting the possibility of seeing after 
excision of the greater brain. He challenged his opponent to 
show to the Society or the Association of Naturalists for this 
year a rabbit that was able to see after the removal of the greater 
brain.—Dr. Benda exhibited a series of preparations of the 
central nervous system which were coloured in accordance with 
the hematoxyline method as modified by him. There were in 
particular three advantages distinguishing his haematoxyline 
colouring from that of Weigert’s: (1) the axial cylinders 
of the nerve fibres in the brain came out more dis- 
tinctly, and their connection with the ganglia cells was 
directly demonstrated. (2) The structure of the ganglia 
came out more distinctly. In the case of those ganglia which 
remained clear after the hamatoxyline colouring, there ap- 
peared with great constancy in the fibrous framework, dark 
concretions, which might perhaps be interpreted as a special 
structure, though the speaker was not yet prepared to decisively 
maintain that assumption as fact. (3) With still more reserva- 
tion would he present the third result, which came to light in a 
particular structure of the medullary sheath. On the transverse 
section radiate drawings were seen to proceed from the axis 
cylinder towards the neurilemma. These markings ramified, 
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and perhaps formed the protoplasmatic scaffold within which 

was deposited the fluid nerve-medulla. The speaker next de- 

scribed more minutely his method of proceeding—hardening 

with picrin acid, washing out with alcohol, laying in paraffin, 

treating with a sulphate of iron, colouring with haematoxyline, 

washing out with solution of alum or with a diluted acid. In 

conclusion Dr. Benda gave a theory of heematoxyline colouring, 

which ranged itself close in order with the colouring with logwood 

customary in technics. In both cases the colouring-matter was 

applied as lac, the tissue being first saturated with the mordant, 

and then impregnated with the colouring-matter, which formed 

in the tissue lacs insoluble in water and alcohol, and only in 

part capable of being resolved through washing out with the 

mordants or with acids. Or the colouring-matter might be used 

in the way of ink, which formed precipitates with the tissues. 
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GEOLOGY OF TURKESTAN 

II. 

Turkestan ; a Geological and Orographical Description 
based upon Data collected during the Fourneys of 1874 
to 1880. By J. V. Moushketoff. Pp. 714. With Map 
and Engravings. Russian. (St. Petersburg, 1886.) 

HE view taken by M. Moushketoff and other modern 

explorers of the region, as to the Aral-Caspian 
basin having consisted of several large lakes, or rather 

seas, connected together by outlets, is, in our opinion, the 

only one which can adequately explain the ulterior 

changes undergone by the basin during historical time ; 

and it is also fully in accordance with the orographical 
configuration of the region. These outlets have gradually 

dried up, and it is probable that the Aibughir and the 
Balkhan outlets both existed during the historical period. 

The basin of the Aral and Sary-kamysh was long main- 
tained by the inflow of water received by the Amu and 
the Sir. There may have been a period when both 

joined together before entering the great lake ; but later 
on, the Amu entered the Sary-kamysh, or western part of 

the double lake ; while the Sir flowed into its eastern or 
Aral part. As the Amu, undermining the Sultan-uiz-dagh 
hills, gradually moved further east, and finally, finding 

its way through this range, began to flow into the Aral, 

the Sary-kamysh lakes, deprived of its water, dried up 
much more rapidly. The Aral basin, in the meantime, 
may have increased in size. 

As to the Uzboy, which was considered by the earlier 

explorers as a former bed of the Amu-daria, M. Moush- 

ketoff, in accordance with the majority of the more recent 
explorers, considers it a marine outlet which connected 
both the great lakes ; and the absolute want of any river- 

deposits and the wide extension of Caspian shells up the 

Uzboy serve to confirm this view. The drying up of the 
Aral goes on now very rapidly. The disappearance of 
the Aibughir gulf ; the conversion of the Sary-cheganak 
gulf into a mere lake; as also that of the Kamyshly- 
bash, which the Kirghizes remember to have been con- 

nected with Lake Aral ; together with the numerous facts 
mentioned by MM. Severtzoff, Borschoff, Meyendorf, 

Maksheeff, and Schultz, are well known. The obser- 
vations of MM. Kaulbars and Dorandt furnish most 
valuable data of the same kind for other lakes of the 
region: the Sary-kamysh, now 50 feet below the level of 
the Caspian, covered a surface of no less than 4400 square 

miles. And we may add that these facts are not iso- 
lated ones, but that the same rapid drying up is going on 

throughout Western Asia: it is the characteristic of the 

geological epoch in which we now live. 

Many most interesting pages are devoted by M. 
Moushketoff to wind-agencies and to moving sands. 
His observations on dunes and analogous sand-hills, 

accompanied by several drawings, will assuredly be most 
welcome to geologists. M. Moushketoff distinguishes 
between two different kinds of sand-hills: the dunes, 
arising on the shores of lakes, and the darkhans. Wind 

* Continued from p. 119. 
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is a powerful agency in the formation of both. Recent 
meteorological observations have shown that north and 

north-east winds are much more prevalent than any 
others in the Turan region. On the lower Amu-daria 

and at Tashkend they are from 50 to 60 per cent. As to 
the rains they are so scanty that throughout the year their 

aggregate amount hardly reaches 69 millimetres at Petro- 
Alexandrovsk, and 73 at Nukus. The evaporation, as 
appears from M. Stelling’s work, is exceedingly great. 
Thus, while at Kishineff, for instance, the annual evapora- 
tion exceeds the annual amount of rain by only one-fifth, 

it is five times greater than the amount of rain at Astra- 
khan, three times greater at Tashkend, twenty-seven 
times at Nukus, and thirty-six times at Petro-Alexan- 
drovsk. The yearly amount of rain being represented by 

a column 69 millimetres high at Petro-Alexandrovsk, the 

evaporation is so great that a column of water 2320 milli- 
metres high would be evaporated every year; at Nukus 
the respective figures are 71 and 1928 millimetres. These 
climatic conditions would suffice, in M. Moushketoff’s 

opinion, to explain the geographical distribution of the 
moving sands which appear more especially to the south 

of Lake Aral. 
Now, among these moving sands two different kinds 

of moving hills should be distinguished; the dunes 
and the darkhans. The former are indebted for their 
origin to the combined action of water and wind ; they 

are disposed in long waves along the shores of the lakes 
or rivers—these last (the river-dunes) being local and 
never reaching more than Io or 15 feet in height. The 

marine dunes, attaining as much as 50 feet—not more— 

have lengths reaching to about 7oo yards. They arose in 
consequence of the retiring of the Aral Sea and the pre- 
vailing winds. These dunes have the most varied 

directions, according to the local direction of the former 

shore-line. 
As to the darkhans they are indebted for their origin 

to the agency of the wind alone. They can arise only 
under certain climatic conditions, and may appear cover- 

ing any geological formation, like the moving sands o 
the Ili River, which are due to the destruction of massive 
crystalline rocks, or the sands of the Sahara, which are a 
result of the disintegration of basaltic rocks. Their outer 

shape is quite characteristic, being always that of a 
crescent, or, to use Middendorff’s comparison, it resembles 

the hoof of a horse. Sometimes two, three, or four 

barkhans are connected together, and then they appear 
like a succession of crescent-shaped conical hills, con- 

nected by their respective horns. Their height is usually 
from 30 to 40 feet; there are, however, much smaller 

ones, and a few reach as much as 80 and even Ioo feet. 

The sand of which they consist varies according to the 
nature of the rocks to whose disintegration they are due ; 
the angles of inclination of their slopes also vary between 
30° and 4o° on the side turned to the wind, and between 
6° and 16° on the opposite side. 

On the whole, on seeing these hills, one would 

refuse, according to M. Moushketoff, to recognise in 

them a formation due to the sole agency of the wind, but 
one must witness a storm in the desert to recognise its 
full force. Still, during a very strong storm, M. Moush- 

ketoff did not see the wind moving particles of sand more 
than 1 to 2 millimetres in diameter. 

M 
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We should very much like to go further into an analysis 

of the interesting observations on the loess, scattered 
through M. Moushketoff’s “ Turkestan”; but can only 

mention that the loess which is widely spread over the 
region, both on the outskirts of the Tian-Shan and in the 

neighbouring lowlands, is always accompanied by what 
the author describes as a “conglomerate,” and which is 
most probably some kind of more or less modified glacial 
deposit. Both are inseparable, and the loess invariably 
covers the “ conglomerate” when they are met together 
Of course, the loess extends further in the lowlands, and 
the “conglomerate ” in the hilly tracts. Sometimes there 
are layers of loess amidst the “ conglomerate.” As to the 
loess itself, although mostly quite typical, it sometimes 
appears stratified to a certain extent ; but it does not 
differ at all from the unstratified loess. M. Moushketoff 
accepts Richthofen’s theory as to the eolic origin of loess; 
but he does not deny that water spreading over a wide 
surface at the issue of small depressions of the ground, 
gives the same typical loess as that which may be con- 
sidered eolic in its origin. 
We ought to notice also a special question discussed 

at length by M. Moushketoff, namely, his thorough re- 
searches, made in company with Prof. Beck, on the 
nephrite (jade) of which the stone on the grave of Timur 
at Samarkand is made, as to its chemical composition, 
micro-structure (represented on a coloured plate), and 
also the different places where nephrite is found through- 
out the world. But we must merely commend these 
interesting researches to the attention of mineralogists. 

As may be seen from the foregoing notice, the work of 
M. Moushketoff is an acquisition of the first importance 
for all those interested in the geography and geology of 

Turkestan. The chapters containing the descriptive part 

of the work will be, for a long time to come, an especially 
valuable source of varied and reliable information. 

PSK. 

CHEMISTRY FOR THE GOLD-FIELDS 

Chemistry for the Gold-Fields : including Lectures on the 
/ Non-Metallic Elements, Metallurgy, and the Testing 

and Assaying of Metals, Metallic Ores, and other 
Minerals, by the Test-tube, the Blow-pipe, and the 
Crucible. By James G. Black, M.A., D.Sc., Professor 

of Chemistry, Metallurgy, and Assaying in the Univer- 
sity of Otago, and Otago School of Mines. 8vo, pp. 
569. (Dunedin, 1885.) 

HE title “‘ Chemistry for the Gold-Fields ” the author 
justifies by stating in his preface that in writing this 

book he had three objects in view :— 

“First.—To put into the hands of miners and prospec- 
tors a guide to enable them to identify, by simple tests 
and cheap appliances, the valuable ores when they find 
them. 

““Second.—To provide a manual in chemistry, metal- 
lurgy, analysis, and assaying for the ‘Schools of Mines’ 
which are now being established on the gold-fields of the 
colony. 

“Third.—To provide for his own students in the 
chemistry, metallurgy, and assaying classes in the Uni- 
versity of Otago, a text-book in these subjects introduc- 
tory to the larger treatises ” 

The book includes an elementary treatise on the che- 
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book it is scarcely necessary to dwell, as it is claimed 

that “the feature of the book” is to deal with “such 

subjects as have a direct reference to the mineral re- 
sources” of New Zealand, and “the extraction of the metals 

from their ores.” We propose, therefore, to confine our 

remarks to that portion of the work which relates more 
especially to the detection of minerals, the methods for 
assaying them, and their metallurgical treatment. The 

ores of each metal are described, their chief physical 

characteristics being stated, as well as the ordinary blow- 
pipe tests, and this latter portion of the subject is made 

more useful by an appendix on the use of the blow-pipe 
by A. Montgomery, M.A., the brevity of which is greatly 
to be regretted. 

To the metallurgy of zinc the author devotes little 
more than three pages, nearly half of which is devoted to 

the abandoned English crucible process. The Belgian 

process is briefly described, and in half-a-dozen lines the 
Silesian process is touched upon. With regard to this 
latter description the author remarks that “ various modi- 
fications of this process have now, it is said, been adopted 
in many of the larger smelting works.” This remark could 

with justice have been appended to many of the descrip- 
tions of other processes given by the author. In the metal- 

lurgy of lead the use of iron for the decomposition of the 
silicate is not mentioned, and the description of lead- 

refining is very incomplete, as also is that of the process 

for the de-silverisation of lead by the aid of zinc ; the use 

of steam for the de-zincification of the lead is not given. 
In the description of the Welsh process of copper smelt- 

ing the coarse metal slag is stated to be a ferric silicate— 

ferric silicates are, as such, rarely, if ever, produced in 
metallurgical processes. In describing the refining of 

copper the author gives equations to show that the reduc- 
tion of the cuprous oxide on poling is due to the products 

of the dry distillation of the green wood employed ; the 
action of the anthracite spread over the molten metal 

is not referred to. The electrolytic refining of copper is 
not mentioned, and electrolytic processes generally, which 

would be so important in a country like New Zealand, 
are ignored. 

In describing the Ziervogel process the author remarks, 

p- 344: “ When copper pyrites containing silver is roasted, 
under certain conditions, the iron and copper may be con- 

verted into insoluble oxides, while the silver is converted 

into sulphate of silver which dissolves in water. The 
presence of mercury promotes this reaction.” This at 
least suggests that mercury should be charged into the 
roasting furnace. Again, p. 348, Ziervogel’s “ process is 
now carried on on a large scale at Freiberg, in Saxony,” 

the fact being that it has long been abandoned there, 
except as a very minor incident of a portion of the pro- 
cess. The process of pan-amalgamation, as described by 

the author, is inaccurate. In describing the methods em- 

ployed for the production of steel, the Siemens “ore and 
pig” process is not mentioned, and the basic Bessemer 

process is only referred to by the sentence : “ By a recent 
invention, however, whereby the converter is partly lined 

with lime, it is said that sulphur and phosphorus are also 

removed in the Bessemer process.” 
The author suggests “a rapid process for distinguish- 

ing galena from zinc blende, grey antimony ore, and the 
mistry of the various elements, and on this portion of the | other mineral sulphides for which it is sometimes mis- 
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taken,” which involves solution, evaporation, &c., for 

lead sulphate, filtration, and submitting the solution to 

ordinary chemical tests. This is surely not a method 
adapted to the use of “ miners and prospectors.” 

With regard to assaying, in the case of copper ores not 
one of the ordinary methods of assay is given, and the 
ordinary method for assaying silver ores finds a place in 

an addendum to the volume. The whole book affords 
additional evidence of the prevalence of the belief in the 

fallacy that a chemist must of necessity be acquainted 
with a subject so dependent on his own, yet so widely 

differing from it, as metallurgy. 

OUR BOOK SHELF 

By E. L. Trouessart. 
“International Scientific Series.” (London: Kegan 
Paul, Trench, and Co., 1886.) 

THIS book, which aims at the instruction in microbes not 
so much of the medical and scientific as of the general 
public, is a fairly accurate exposition of the present state 
of our knowledge of the morphological and physiological 
characters of moulds and bacteria. 

Thechapters on fungiand moulds, of the various ferments 
and yeasts, and their chemistry, are the best parts of the 
book. Those on bacteria, septic and pathogenic, are 
less commendable, since they contain a good many dog- 
matic statements not accepted by bacteriologists. The 
chapter on laboratory research and culture of microbes is 
imperfect in its account of the now generally employed 
methods of cultivation on solid nutritive media. 

One of the most conspicuous deficiencies of the book in 
the eyes of the scientific reader is the one-sided account 
given by the author of many of the discoveries made in 
bacteriology, since the works of French authors form as 
it were the basis of the author’s account. It is certainly a 
novel proposition that “the science of microbes is essen- 
tially a French science.” 

The book is well illustrated, and written in a clear and 
concise manner. 

LP TTPERS, TO THE EDILOR 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts, No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Luminous Clouds 

THE clouds described by D. J. Rowan, on p. 192 in your 
issue of the Ist inst., seem to have been of the same kind as 
were described in several letters in NATURE last summer ; they 
were seen by myself in Bavaria. I saw these extraordinary 
clouds again this year, on the 28th of May, at Freshwater 
Bay, Isle of Wight, and on the 23rd of June at Bideford. 
They were seen by A. C. Dixon at Sunderland on the 2nd, 3rd, 
13th, 16th, 22nd, and 23rd of June, and on the latter 
date were very striking. A description of them on the same 
date, written by E. Greenhow, appeared in the Mewcastle 
Chronicle, as seen near Earsdon in Northumberland, erroneously 
describing them asa kind of aurora. On that night the display 
at Bideford was comparatively slight : at 10.18 p.m. the upper 
limit of the clouds distinctly visible was five-eighths of the way 
from the horizon to y Andromedz, and I presume that that was 
the limit to which the sun was shining upon them ; though with 
field-glasses I could see them very faintly rather higher up. 

Inever saw them before last summer, and they are quite 
different from the iridescent clouds that have created such 
interest the last two winters, resembling them only in their 

height and brilliancy. If they require a name I hope the word 
boreales, as proposed by Mr. Rowan, will not be adopted ; for 
they appear in the north only because the sun lies in that direc- 
tion, and if they occurred at any other time of the year, or in 
any place much further south than this country, their direction 
would necessarily be different. On all the occasions which I 
haye seen these clouds they have exhibited a very fine structure 
like cirrus. The colours of the clouds appear to be due to the 
same cause as the colours of the sky, for they generally corre- 
spond with these at similar altitudes, the upper visible portion 
of the sheet of clouds being green or bluish, and the lower por- 
tion a dull yellow, becoming more orange towards the horizon, 

Sunderland, July 8 T. W. BACKHOUSE 

Re Immisch’s Thermometer 

IN your article, p. 234, referring to this pretty little instru- 
ment, you refer to the appellation ‘‘ metallic” as not a happy 
one in describing it. ‘This I pointed out to the maker some 
time ago, and termed it an avityeous thermometer, as glass 
plays no part in its construction beyond that of a protector to the 
dial. The certificates of verification are printed with the instru- 
ment so designated, and probably the erroneous term will soon 
drop out of use. I must also crave permission to correct a mis- 
print in your correspondent’s statement with regard to the 
number of avitreous thermometers verified here up to the present 
date : for 500 read 300. G. M. WHIPPLE, 

Superintendent Kew Observatory 
Kew Observatory, July 1o 

Kirby and Spence’s ‘‘Introduction to Entomology ” 

WITH reference to a just complaint made by ‘* R. M.” in his 
article contained in NATURE for July 1 (p. 190) about the want 
of good indexes to books, and specially to the early editions of 
Kirby and Spence’s ‘‘ Introduction to Entomology,” may I 
venture to inform him that should an index to the latter book 
be desired by ‘‘R. M.” or any other reader of Nature, they 
have only to apply to ‘‘E. E. J.,” Camerton Court, Bath, to 
obtain one gratis. I found the book so perfectly useless for 
want of one, that I made one some years ago, a copy of which 
was accepted by the British Museum authorities, and is now 
included in their Catalogue. I have a good many copies on 
hand, which I am always glad to give away on application. 

E. E. JARRETT 
11, Holles Street, London, W., July 8 

ON VARIATIONS OF THE CLIMATE IN THE 
COURSE OF TIME? 

II. 

Le such a periodical variation in the climate does take 
place, we should be able to trace it in the older forma- 

tions, as we cannot assume that it first began to operate 
in the most recent geological age. We must, therefore, 
try to discover if such variation can be traced in the 
earlier times. 

During the melting of the Norwegian inland ice it left 
here and there moraines, and on the map drawn by 
Kjerulf they are seen to stretch in lines more or less con- 
tinuously across large parts of Southern Norway. On 
both sides of the Christiania fjord the outside lines, the so- 
called “ Raer,” stretch like gigantic ramparts from Moss 
and Horten south-east and south-west many miles wide 
through Smaalenene and far into Sweden, and, on the other 
side of the fjord, through the prevince of Jarlsberg and 
Laurvig to Jomfruland outside Krager6. And behind this 
outside line of moraines others follow in more or less 
broken but distinct continuity, one behind the other, 
through all Southern Norway. These lines show that the 

r The following is a short abstract from various papers, viz.: ‘ Essay on 
the Immigration of the Norwegian Flora during Alternating Rainy and Dry 
Periods ” (Christiania, 1876). _‘‘ Die Theorie der wechselnden kontinentalen 
und insularen Klimate,” in Engler’s Botanische ¥ahrbticher, ii. (Leipzig, 
1881). ‘* Ueber Wechsellagerung und deren mutmassliche Bedeutung fiir die 
Zeitrechnung der Geologie und fiir die Lehre yon der Verdnderung der 
Arten,” in Biologisches Centralblatt, iii. (Erlangen, 1883). ‘* Ueber die 
wahrscheinliche Ursache der periodischen Veranderungen in der Starke der 
Meeresstrémungen” é.c. iv. (Erlangen, 1384) Continued from p 222. 
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ce did not recede gradually, because it would not then 
have left behind such great ramparts, but the sand and the 
gravel would have been spread more evenly. During the 
melting, however, its edge remained at times stationary, 
or advanced perhaps a little. At each such event a row 
of moraines was formed, and as the same are found in 
large tracts of the country, they cannot be attributed to 
local circumstances, but we have to assume ¢hat periodical 
variations of climate were the cause of the manner in 
which the tce receded. 

We found in the peat-bogs alternately layers of different 
kinds, peat alternating with remains of forests several 
times, and we saw how this was easiest explained by 
periods of change in the climate. But these alternating 
layers are not peculiar to the peat alone, but found in ali 
stratified formations, loose as well as solid, whether de- 
posited in fresh or salt water, or on land, in all the strata 
from the Laurentian gneiss to the loose deposits of the 
present age. Take a geological structure from any age, 
alternating layers will be found everywhere. Sand alter- 
nates with gravel, sandstone with conglomerate, clay 
with sand, slate with sand or sandstone, marl with clay, 
chalk with marl, and so on. The layers vary in thickness, 
from several yards to less than an inch. 

The solid rock withers away by the action of air and 
water in heat and cold; it partly crumbles away mech- 
anically and partly changes chemically. The products 
of the erosion are carried by wind or running water as 
dust, in dissolved or original state, and deposited in places 
more or less remote from those where they were produced. 
The foaming mountain stream often carries great stones 
in its course, and the softer the wind and the weaker the 
current the finer is the matter deposited. When the 
current becomes weak the gravel sinks first, then the sand, 
then the clay, and, finally, the chemically-dissolved lime 
by the animal life in the water. When we, therefore, have 
a change of beds of different composition through all 
geological ages,as those mentioned above, it must be due 
to the circumstance that the speed of the depositing 
stream was always varying—now increasing, now de- 
creasing. 

The Challenger Expedition has taught us that all the 
stratified rocks which geologists hitherto have known 
must have been formed comparatively near the shore, even 
if deep-sea formations. They are all of quite a different 
nature from the strata in the abysses of the great oceans. 
From this it follows that the variations in the rainfall might 
have had some influence on the nature of the strata in 
the known geological formations, since they were formed 
comparatively near land and are the result of the erosion 
of the solid rock. A weak river is unable to carry debris 
far out to sea, but a strong one is capable of supplying 
the sea-currents with deposits over great areas. When, 
therefore, the rivers alternately increased and decreased, 
the sand, clay, and gravel were carried now a greater, now 
a less distance, into the sea, and thereby the variations of 
the layers were produced. 

It is, however, not the intention to assert that all alter- 
nations of layers are due to that long climatic period. 
When the stratification goes on quickly, and the supply of 
matter is plentiful, rapid local changes may produce an 
alternation of strata. In the Norwegian marl-clay, 
formed during the melting of the inland ice, alternating 
thin layers of sand and clay are found, varying in colour, 
sometimes only a quarter of an inch in thickness or even 
less. These variations must be ascribed to changes 
during brief spaces of time, and cannot be referred to 
the long climatic periods. But, of course, such layers 
are only formed in the immediate vicinity of the coast, 
and during the constant advance and retrogression of the 
latter, which may be traced through all geological ages, 
such shore-formations were most exposed to destruction. 
They were frequently lifted above the sea, and were more 
exposed to the destructive agencies—air and currents— | 

than those formed in deeper waters further from the 
shore. For this reason these quickly-formed layers have 
at all times been more exposed than others to destruc- 
tion, and we must, for that reason, conclude that most 
of the beds which constitute the geological stratified 
deposits were formed somewhat further from the shore, 
and that, consequently, the time of their formation was 
longer. From the thickness of the layer alone it is im- 
possible to form an idea of the time it has taken to form, 
because in the time a layer in one place upwards of several 
yards in thickness has been forming, only an inch has 
formed in another, whilst in a third place in the same 
time the formation has ceased, or older layers even carried 
away. But we have a means whereby we may ascertain 
the time it has taken to form a layer, viz. the study of the 
remains of the flora and fauna found in the same. The 
most frequent species have, cefer?s paribus, the most 
chance of being preserved. When, therefore, we find 
that fossils, as is often the case, vary from stratum to 
stratum, we must assume that this proves that great 
changes took place in the fauna and the flora during the 
formation of each stratum. What was stated above with 
regard to the variations in the peat-bogs of remains of 
plants from layer to layer #ay be applied to variations af 
strata through all ages. The examination of the fossils 
in the strata teach us respect for Time. The fossils vary 
quickly even in strata of smal] thickness. In one stratum 
we find remains of distinct animals and plants, and in 
the one above—although, perhaps, only an inch above it 
—we find others quite different. A thin stratum of a 
couple of inches is sometimes distinguished by peculiar 
animals and plants, so that the stratum may be recognised 
over large areas by the aid of the same. When two strata 
of different nature alternate, it is generally found ¢hat one 
hind of stratum contains certain fossils, and that those of the 
others are quite different. The theory of periodical varia- 
tions of the climate erflains all this. Because if the sea- 
currents varied in strength, the temperature of the water, 
and consequently the aquatic fauna and flora, must have 
changed too; with a higher temperature of the sea the 
moisture of the air and the rainfall] must have increased, 
and thus a periodical change of the sea-currents would 
have the effect of causing variations of the strata. It is 
exactly such strata of varying nature, and varying forms 
of fauna and flora, which would build the geological 
strata of the earth. 
We have seen how this theory explains a number of 

various well-known puzzles to scientific men, viz. the 
scattered extension of species of plants and animals ; the 
formation of the terraces of shell-banks and_ shore- 
lines ; the rows in which moraines appear ; and, finally, 
the alternation of peat-layers and various geological 
strata. It only remains now ¢o find a natural cause for 
such a periodical variation of the climate, but before 
doing this it is necessary clearly to understand what 
the theory demands. 

It does not require great changes ; all the facts on 
which it is founded may be explained by comparatively 
small variations in the extremes of temperature and rain- 
fall. No very great variation is required in order that 
the holly and similar coast-plants should be able to grow 
by the Christiania fjord, as the theory assumes it once 
did; because the holly, which cannot stand the winter 
cold at Christiania (lat. 60° N.), has for many years been 
successfully cultivated in the open air at Horten, only half 
a degree further south on the samefjord. And along the 

[Fuly 15, 1886 

coast plants of Oriental origin have, during the last 
thousands of years, spread from the Christiania and 
Throndhjem fjords right out to the open shores of Jaederen 
and Fosen, the former in lat. 58°-59° and the latter in 
lat. 63°-64° N., and there would hardly be required a very 
great change to enable them to grow also in the inter- 
vening district, the province of Bergen, which would 
again make their extension continuous. 
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Whether the surface of a bog becomes covered with 
forest or not, whether the peat grows or not, whether 
during the rising the erosion is strong enough to hollow 
out the shore-line, or the carrying power of the river is 
great enough for the formation of terraces, whether the 
edge of the inland ice recedes or !advances, whether 
a deposit of clay or marl is to be found in a certain place 
near the shore, or whether chalk only is left—ay e7- 
ttrely depend on small variations in the climate, as the 
conditions will alter as soon as a certain point is reached. 
The periodical changes dealt with here were therefore not 
great ; but as they acted simultaneously, and in the same 
direction, over whole climatic areas, it must be generally- 
acting forces which caused the same, and not variations 
in local conditions. 

The theory advanced here proves thus that the climate 
is at all times subjected to periodical changes, the 
duration of which may be measured in thousands of 
years, and which act in the same direction within the 
same climatic area, which for one period are not important, 
but which, as the alternation of the strata is often re- 
markably regular, see fo return after the lapse of a fixed 
cycle of years. 

It is obvious that periodical changes in the strength of 
the ocean currents will cause corresponding changes in 
the climate of the adjacent continents. Thus, for in- 
stance, if the warm North Atlantic current, to which 
North Europe owes its climate, which is mild compared 
with its latitude, should increase in strength, the climate 
there would doubtless become still milder. Our shell- 
banks show that such changes in the temperature of the 
sea have accompanied climatic variations. We are, 
therefore, compelled to ask, What is the force which 
causes this warm sea-current to flow northwards, and 
may we assume that there is some natural cause effecting 
periodical changes in the intensity cf this force? The 
question being one as to a climatic period, we must 
examine the great laws which govern the climate. We 
must, of course, leave all temporary disturbances of the 
air out of consideration, and only pay attention to the 
great and simple laws which are revealed by the synoptic 
charts of the average distribution of the aérial pressure 
at various seasons. These charts show us:—in the 
summer a low pressure over the heated continents, but 
generally a higher one over the cool oceans ; and in the 
winter a higher pressure over the cold continents, and a 
lower one over the oceans, which are warmer. 

In order to understand this varied distribution of 
pressure, we shall imagine an atmosphere which every- 
where has the same degree of heat and the same height. 
The warmer the air the more it expands, so that the 
height of the atmosphere will change if the temperature 
rises or falls. If we further assume that the air cools or be- 
comes more quickly heated in some places than others, the 
equilibrium will be disturbed. Over cold areas the height 
of the atmosphere will decrease. The surface of the at- 
mosphere should thus become uneven, and consequently, 
in the upper strata of the atmosphere air must flow from 
the warm regions into the cold ones, so that equilibrium 
be maintained. For this reason a greater mass of air 
will lie over cold regions, which have, therefore, a higher 
atmospheric pressure. But at the surface of the earth, 
too, the equilibrium will be disturbed, as a higher atmo- 
spheric pressure wiil drive the air from the cold to the 
warm regions. As long as the temperature of the air 
varies, movements will be created by the disturbed equi- 
librium, during which, therefore, air will flow from the 
cold to the warm regions along the surface of the earth, 
and vzce versdé inthe upper part of the atmosphere. In 
winter as well as summer the disturbances of the equi- 
librium of the atmosphere will proceed from the continents, 
because the latter are heated and cooled more intensely 
than the oceans. Over the ice-covered interior of Green- 
land the sun in the summer cannot create any low pressure, 

because all its heat is consumed in melting the snow. 
Even in the summer comparatively cold air and high 
pressure prevails over Greenland, and this is probably 
the cause of the atmosphere in the North Atlantic differ- 
ing from the above-mentioned law, inasmuch as _ this 
ocean has a low pressure even in summer. This low 
pressure, which lies generally near Iceland, is, however, 
more marked in winter. 

The air, according to the law of Buys Ballot, moves 
against the low pressures, so that in the Northern Hemi- 
sphere one has the low pressure a little in front to the 
left when turning the back to the wind. That is but a 
natural consequence of the rotation of the earth’s axis. 
At lower latitudes this action is more intense. Air, flowing 
from lower to higher latitudes, retains for a time its original 
speed of rotation, and will thereby deviate in the direction 
of the rotation of the earth’s axis, Ze. towards the east. 
And vice versa when the air flows from higher to lower 
latitudes. In this manner southerly winds become south- 
westerly, and northerly ones north-easterly. In fact, the 
low atmospheric pressure at Iceland draws the south-west 
winds up the North Atlantic, and as the cause prevails all 
the year round, the consequence is that south-west winds 
blow in this sea summer as well as winter. 

The opinion held by Croll, Zéppritz, &c., that winds 
are the chief cause of sea-currents, is now generally ac- 
cepted by savan/s. The winds set the surface of the sea 
in motion, and by frictional resistance the movement is 
conveyed to lower depths. It depends on the force and 
the duration of the wind how deep the action will have 
effect. The main current runs in the direction of the 
prevailing wind, and its speed is dependent on the average 
speed of the surface. Winds of short duration are only 
capable of changing the direction of the current on the 
surface, but through the predominance of such winds 
through thousands of years, great currents are created. 
Their strength may vary, 6u¢ their direction ts independent 
of temporary changes of the wind. For the upper system 
of currents, which alone affects the climate, and which 
reaches to a depth of a couple of hundred fathoms 
(Mohn), the average direction and force of the wind 
during the last great epoch are determinal. 

Such a great stream is the warm North Atlantic current. 
It softens the winter even at high latitudes. As the surface 
imparts heat to the air, the heat lost is replaced from 
lower depths, and as long as there isa store of heat below 
the sea will always yield heat to the air. 

The mild climate of Norway is, therefore, dependent on 
this warm current. It runs predominantly in a north- 
easterly direction, and thus it must, in consequence of the 
general laws for currents and winds, have run through 
untold ages, or as long as sea and land have been divided 
as at present. 
We will now see if the force which guides this current 

is periodically changeable. As we know, the orbit de- 
scribed by the earth round the sun is not circular but 
elliptical, so that the distance between the two bodies 
varies according to the seasons ; when there is winter in the 
Northern Hemisphere the earth is nearest to the sun, and 
the nearer the earth approaches the sun the quicker it 
travels, so that the winter in the north is shorter than the 
summer. ‘The difference is five days. In the Southern 
Hemisphere, on the other hand, the winter is five days 
longer than the summer. But these relations change 
through the precession of the equinoxes, the period having 
a mean duration of 21,000 years. Thus, 10,500 years ago 
the conditions were the reverse of what they are at present, 
and the same will be the case 10,500 years hence. The 
winter at the Northern Hemisphere will then fall when 
the sun is furthest from the earth, and last longer than the 
summer, and in the Southern Hemisphere the conditions 
will be the reverse. 

But the orbit of the earth is also subjected to periodical 
changes, inasmuch as it differs more from the circular 
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sometimes than at others. The further it deviates from 
it the greater becomes the difference between the length 
of winter and summer, and the difference may even 
amount to more than thirty days every year. The length 
of winter and summer varies therefore in the course of 
10,509 years, and the difference increases the more the 
earth’s orbit deviates from the circular. During the 
10,500 years in which the winter is longer than the summer 
there will be several thousand more winter days than 
summer ones, and in the second half-cycle there will be 
as many thousand less. Even at present, when the orbit 
deviates but little from the circular, the excess of winter 
or summer days for each half-cycle is more than 50,000, 
and when the deviation is greatest it amounts to nearly 
220,000 days, or some 600 years. 

As the cooling of the continents contributes to preserve 
the low atmospherical pressure over the oceans, and thus 
directs the prevailing winds and currents at sea, the winds 
thus directed, as, for instance, the south-west winds of 
the Atlantic, must be stronger in winter than in summer. 
And this is indeed the case. The weather conditions 
differ in summer and winter. Of course south-westerly 
winds blow predominantly in the North Atlantic and 
West Europe all the year, but they predominate more in 
the winter. According to Prof. Mohn, their force in the 
North Atlantic is about three times as great in the winter 
as inthe summer, and similar conditions prevail in the 
Pacific Ocean. In the southern temperate seas north- 
west winds, which correspond to south-west ones with us, 
are equally predominant when there is winter in that 
hemisphere. It will therefore be seen that the forces 
which promote the warm sea-currents in our latitude ave 
most active in the winter. And the same is the case in 
the Southern Hemisphere, so that it must be said that the 
winter favours these currents, whether it falls when the 
sun is nearest, as with us, or when it is most distant, as 
in the Southern Hemisphere. From Prof. Zéppritz’s 
studies of the currents it appears that the wind exercises 
an influence upon the strength of them even long after it 
has ceased to blow. The action of the winds is summed 
up through centuries, avd the total recorded in the sea- 
currents. 

As we know that the wind conditions vary at different 
seasons, and that the effect of the wind does not cease 
as soon as it is discontinued, but leaves traces in the sea- 
currents for a long time after ; so that, in fact, the strength 
of the current is dependent on the average force of the 
wind during last great ages—it can hardly be a matter of 
indifference whether these thousands of days fall as a 
surplus to winter or summer in the 10,500 yearly half-cycle. 
When they fall in the winter, the south-west winds must 
be more predominant than others ; and, correspondingly, 
when they fall to the summer, weaker. It seems, therefore, 
reasonable thatthe currents must increase or decrease as the 
equinoctial line moves round. When the winter falls in 
aphelion our warm currents will increase, and when the 
reverse is the case they will decrease. We should, there- 
fore, now in the Northern Atlantic have a weaker current, 
and in North-Western Europe less rain and a greater 
difference between winter and summer heat, aud ¢his zs 
exactly what the theory demands. 

In regions with different weather conditions the case 
will be different. For instance, in the eastern part of 
North America north-west winds are more predominant 
in the winterand south-west ones in the summer. Winter, 
in aphelion, would here increase the north-west wind, and 
one might conclude that these parts under such con- 
ditions would perhaps thereby obtain a more severe 
climate, so that it seems evident that variations in the 
climate will not simultaneously move in the same direc- 
tion everywhere in the Northern (or Southern) Hemisphere. 

From calculations we have elsewhere demonstrated 
that the varying length of the season alone during the 
precession of the equinoxes will cause an increase or 

decrease in the force of the current of several per cent. 
of the total. And these figures are doubtless below the 
true ones, but space does not here permit of develop- 
ing them. We may, therefore, with a high amount of 
probability conclude that the precession of the equinoxes 
causes periodical variations of the climate which are 
great enough to explain all the facts on which the 
theory for these periodical variations ts based. 

But the eccentricity of the earth’s orbit changes so 
rapidly that in two consecutive half-cycles it is not as a 
rule the same. Therefore variations in the strength 
of sea-currents, and consequently also those in the 
climate in one half-cycle will not be quite balanced in the 
next, and it might even be possible that greater and more 
lasting variations of the climate might be caused by the ~ 
same agencies. A. BLYTT 

The University, Christiania 

VEGETABLE PRODUCTS AT THE COLONIAL 
AND INDIAN EXHIBITION 

IN passing through the various courts of the Colonial 
and Indian Exhibition the prevailing natural resources 

of each colony are apparent even to the most unobservant, 
for while the riches of some countries are to be found 
chiefly in their vegetable products, the wealth of another 
is in its mineral resources, and of another in its animals. 

Regarding the vegetable products, as might be sup- 
posed, some of the most interesting objects from a scien- 
tific point of view are those which have the least attraction 
for the general public, such, for instance, as the large and 
varied collection from the Straits Settlements, or the 
interesting exhibits from British North Borneo. Amongst 
the exhibits from the former possessions are various 
samples of damar, the botanical origin of which is but 
imperfectly known ; thus, for instance, are specimens of 
damar sesa, a fossil resin from Larut, Perak, damar meta 
kuching, or cat’s-eye damar, damar renkong, and others. 
Another fossil resin new to us is called incense or gum 
Benjamin. Under the name of buah saga are shown 
some seeds of an Adenanthera, probably those of A. 
pavonina, a seed of which is the unit in the Malay 
jeweller’s weight, equal to 4°33 grains troy. The seeds 
are also eaten by the natives. The tree is found in India, 
China, and the Philippines. In India the wood, which is 
of a red colour, hard, and close-grained, is known as red 
sandal-wood, and is used as a red dye, as well as for 
cabinet-making and building purposes. On account of 
their bright red colour the seeds are used as necklaces. 
Naturally in countries where the bamboo is abundant we 
should expect to find numerous illustrations of its uses, 
and various articles of domestic utility, as well as for other 
applications besides that of ornament, are shown, some of. 
which are very ingenious, such as a trap called grogoh, 
used for catching river fish ; it is somewhat of the shape 
of an eel-pot, and the body of the trap is made of a single 
piece of bamboo-stem of about 2 inches diameter, and 
from 14 to 18 inches Jong. It is split longitudinally for 
the greater part of its length into fine strips, these are 
distended to a wide mouth at the top some 6 or 8 inches. 
diameter, tapering to the point from which they spring, 
where they form the natural stem. By the addition of 
other fine strips of bamboo fastened round at short in- 
tervals a complete funnel-shaped basket or eel-pot is 
made, the lower or tubular end of which is formed by the 
hollow bamboo-stem. The ready way in which the natives 
adapt natural productions is seen in a very simple spinning- 
top, which is composed of a flattened acorn of the type of 
Quercus placentaria, through the centre of which a piece 
of wood is driven. In this division also are some very 
varied sets of betel-chewing appliances as used by the 
Malays, including the scissor-like implements used for 
cutting the betel-nuts ; many of these sets are in deftly- 
worked brass, while others are in more costly metals. 

Pir He yee, 
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The collection from British North Borneo has many 
interesting exhibits, notably some remarkably fine speci- 
mens of gutta-percha and india-rubber a magnificent 
plank of the Sumatra or Bornean camphor-tree (Dryo- 
balanofts aromatica), the crystallised camphor of which is 
found deposited in cracks and fissures in the wood, 
occurring sometimes in very large masses; it is largely 
used by the Chinese, who prefer it to the ordinary camphor 
of commerce which is produced in their own country. 
Bornean tobacco is also a prominent object here, and 
is exhibited both in bundles of cured leaves as well as in 
cutform. A favourable report has been obtained of this 
tobacco, and it has been valued above the average of 
Sumatra tobacco, for which indeed it has been mistaken 
even by experts. 

In the Hong Kong Court the varied uses to which 
bamboos and rattans are put are largely represented ; the 
difference, however, in the character of the work to which 
the stems of these two classes of plants are applied is 
manifest at a glance, for while the rigid stems of the 
Bambusas are used for the rougher or coarser work, those 
of the pliable species of Ca/amus form the materials from 
which the finer basket-work, screens, &c., are manipulated. 
Various examples of the baker’s art in the form of biscuits 
are shown by the Hong Kong and China Bakery Com- 
pany, Limited, and it is stated, as an illustration of the 
capabilities of this bakery, that it can turn out 15,000 
pounds of ship biscuits or 10,000 pounds of bread per 
day. 

The British Guiana collection almost adjoins that of 
Hong Kong. Here, as might be expected from the extent 
of the forests of the colony and the abundance of large 
hard-wooded trees, timber takes a prominent place, and 
some magnificent specimens of the best known woods, such 
as mora (Dimorphandra Mora), greenheart (Vectandra 
Rodiwi), wallaba (Eperua falcata), and other well-known 
and useful timbers are exhibited. The heartwood of 
these timbers is described as “almost everlasting, the 
beams of old houses being good for over a hundred 
years in the most unfavourable circumstances of a tropical 
climate infested with wood-ants and other vermin.” 
Specimens of tibiserie fibre and hammocks made from 
it are here exhibited. This fibre, which is obtained from 
the young leaves of the Eta palm (Mauritia flexuosa), 
is of wonderful strength and tenacity, from it the 
natives make their strongest and most durable cords and 
hammocks. It is very easily obtained and in any quan- 
tity, and if better known in Europe might become a 
valuable article of commerce. A fine collection of medi- 
cinal and tanning barks are here shown, but unfortunately, 
like the woods from this colony, comparatively few have 
other than native names. In the catalogue of exhibits it 
is stated that “the medicinal barks are very varied; a 
few are well known, but the majority, having never received 
the attention of chemists or physicians, are as yet untried, 
but may possibly be found worthy a place in the Materia 
Medica. Fair quantities are exhibited, and will be dis- 
tributed to qualified persons who will undertake to report 
on their qualities. Most of them are common in the 
colony, and can be easily procured.” 

It is scarcely correct to say that the medicinal barks of 
British Guiana have never received the attention of 
chemists or physicians, for at the close of the Inter- 
national Exhibition of 1862 some twenty different medi- 
cinal barks of the colony were experimented upon and 
their effects tried in various cases by Mr. Charles Hunter, 
who was some time House Surgeon to St. George’s Hos- 
pital. The results of his experiments were embodied in a 
pamphlet, and published at the time by Messrs. Churchill 
and Sons of New Burlington Street, but we never heard 
that any of them came into use in this country, and it is 
to be hoped that better results may be obtained from the 
present collections. 

JOHN R. JACKSON 

WHAT IS A GLACIER 2} 

LACIERS have become so well known from the 
graphic descriptions of Carpenter, Forbes, Agassiz, 

Tyndall, and other explorers, that it seems unnecessary at 
this time to do more than call attention to a few of their 
more characteristic features by way of an introduction to 
what I have written concerning those now existing in the 
United States. 
The formation of glaciers in any region depends pri- 

marily on the fact that the amount of snow precipitated 
during a term of years exceeds the amount dissipated by 
melting and evaporation. In this manner snow-banks of 
broad extent are formed, the lower portions of which 
become compacted into ice. The change from snow to 
ice is known to result from pressure, and as ice is mobile 
under pressure, either by reason of its inherent plasticity 
or asa result of regelation, the weight of this mass tends 
to change its form, and it thus acquires motion, which 
takes the direction of least resistance. 

The essential characteristic of glaciers seems to be that 
they result from the consolidation of snow in regions of 
secular accumulation, 7.2. above the snow-line, and flow 
to regions of dissipation, z.e. below the snow-line. From. 
these primary conditions result a multitude of secondary 
phenomena. 

For convenience of reference we will divide glaciers 
into alpine and continental ; not that the two classes are 
always distinct and separable, but for the reason that 
typical examples of each are well characterised and capable 
of specific description. Variations occur in each class 
which may suggest minor subdivisions. 

The glaciers with which we are most familiar belong to 
the class that have their archetype in the mountains of 
Switzerland, and occur about high peaks, usually in 
amphitheatres or cvgues at the heads of high-grade 
valleys. The snow that accumulates on high mountains, 
especially in temperate latitudes, is frequently not com- 
pletely melted during the summer, and thus tends to 
increase indefinitely. The w#évé of a glacier is such a 
snow-field. The gorge or valley leading from every alpine 
amphitheatre furnishes an avenue of escape for the con- 
solidated 2évésnow, which is forced out through the 
opening, and flows for a greater or less distance as a 
stream of ice. Such in brief is the genesis of an alpine 
glacier. Every glacier of this class is divided into a 7évé, 
or snow-region, above, and an icy portion below. The 
line of demarcation is the szow-/ine. As compact ice 
occurs also beneath the #évé from which it is formed, this 
division of a glacier into two portions applies only to the 
surface. The division line, moreover, shifts with the 
seasons ; at times, perhaps for many years together, the 
true glacier ice may be concealed by a snowy covering. 
The zévé is composed of granular snow, white or grayish- 
white in colour, and comparatively free from dirt and 
stones ; below the snow-line the glacier is formed of both 
porous and compact ice, and is usually concealed more or 
less completely with rock-debris. From a distance these 
two divisions are frequently distinctly shown by contrast 
in colour. The stones and dirt that fall on the zévé sink 
more or less deeply into the snow and become buried 
beneath the next addition, and as the #évé becomes 
consolidated and acquires glacial motion, this debris is 
carried along in its mass. But the region below the weve 
being one in which loss exceeds supply, the snow and ice 
are melted, and the foreign bodies formerly held in the 
mass become concentrated at the surface, and are then 
carried along as moraines. Thus in the #cvé region the 
tendency is to bury foreign objects, and in the glacier 
proper to concentrate them at the surface. 

All the debris carried by glaciers may be designated in 
general terms as morainal material, but when arranged 

© Frcm Memoir on “‘Exi-ting Glaciers of the United States,” by Israel 
C. Russell. Reprinted from the Fifth Annual Report of the Director of the 
U.S. Geological Survey. 
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in definite ways it receives specific names. When dis- 
tributed along the margin of an ice-stream it forms /afeva/ 
moraines. Two glaciers uniting, the right lateral moraine 
of one combines with the left lateral moraine of the other 
to form a medial moraine at the line of contact, the ice- 
streams flowing on side by side as a single compound- 
glacier. The debris carried to the extremity of a glacier 
and deposited about its foot is known as a /ermzna/ or 
Jrontal moraine. 

In flowing through a valley ice is subjected to stress, 
which causes it to fracture and form open fissures termed 
crevasses. When a glacier passes over a steep ascent it 
becomes broken by a great number of fissures, and not | 
infrequently falls to the base of an escarpment in detached 
blocks, forming an ice cascade, but heals its scars and 
flows on as a solid mass below. The fissures formed 
when a glacier passes over an inequality in its bed are 
commonly transverse to the direction of flow, but may 
take other courses, depending on the nature of the 
obstruction, change of slope, &c. Marginal crevasses, 
resulting from the friction of the ice-stream against its 
banks and the consequent more rapid flow of the central 
portion, usually leave the shore at a moderate angle and 
tend up-stream. 

Glacier ice has been found to exhibit a definite struc- 
ture, known as lamination, or as ribboned or banded 
structure, produced by the alternation of thin plates or 
strata of compact bluish ice with others more porous. 
As shown by Tyndall’s experiments, this arrange- 
ment is the result of pressure, and is analogous to slaty 
cleavage. 

Owing to unequal melting, the surface of a glacier is 
usually extremely irregular, the parts protected by 
moraines standing in higher relief than the clearer por- 
tions. Still further diversity is formed by boulders 
perched on columns of ice, which they have protected 
from melting as the general surface wasted away. These 
are termed glacéa/ fables. At other times the ice bristles 
with a multitude of acicular pyramids, or is melted into 
holes and ice-wells, each having a stone or mass of dirt 
at the bottom. 

The melting of the surface of a glacier gives rise to 
many rivulets and brooks, which course over it in channels 
of ice, frequently plunging into yawning crevasses, and 
finally joining the sub-glacial stream that issues from 
beneath every glacier. These glacier-born streams are 
always heavy with comminuted rock, ground fine by the 
moving ice. 

Such in brief are the principal characteristics of alpine 
glaciers. 

At the present time continental glaciers are confined 
to the arctic and antarctic regions, and have been less 
thoroughly explored than the alpine forms common in 
more temperate latitudes. Glaciers of this class are 
characterised by their broad extent and by not being 
confined by definite walls; their #vcs are large, frequently 
covering nearly the entire glacier, and their surfaces are 
free from boulders and debris, for the reason that they are 
regions of accumulation, and also because mountains 
seldom rise above them. Owing to inequalities in the 
country over which these great fields pass, they are not 
infrequently broken by crevasses; and, as on smaller 
glaciers, the melting of the surface gives origin to numerous 
streams, frequently of large size, which become ponded 
and form lakes in basins of ice, or plunge into open 
fissures and disappear in the body of the glacier. Exist- 
ing continental glaciers are believed in all cases to flow 
from the interior towards the coast, and hence may be 
considered as acquiring motion in all directions from a 
centre of accumulation. When alpine glaciers increase 
sufficiently to cover an entire mountain-range and form a 
confluent ice-sheet, they approach and may pass into the 
continental type. It is not impossible that a mountains 
range of very modest dimensions might give origin to a 

| we call a névé. 

quaquaversal glacier of vast proportions. It is perhaps 
not out of place to suggest in this connection that the 
glaciers which formerly covered the New England State- 
and Canada were of this character. 

In framing a definition of a glacier it is evident that we 
must include both alpine and continental types, and also 
embrace the secondary phenomena that are commonly 
present. A glacier is an ice-body originating from the 
consolidation of snow in regions where the secular accu- 
mulation exceeds the dissipation by melting and evapora- 
tion, z.e. above the snow-line, and flowing to regions 
where loss exceeds supply, z.e. below the snow-line. 
Accompanying these primary conditions many secondary 
phenomena, dependent upon environment, as crevasses, 
moraines, lamination, dirt-bands, glacier-tables, ice- 
pyramids, &c., may or may not be present. Thus, glaciers 
even of large size may exist without moraines ; in such 
an instance glacier-tables, ice-pyramids, ice-wells, &c., 
would be absent. We may conceive of a glacier flowing 
through a channel so even that it would not be broken 
by crevasses, but such instances must be extremely rare. 
The most common of the numerous secondary features 
seems to be the laminated structure of glacial ice, but 
even this is not always distinguishable in ice-bodies that 
are unquestionably true glaciers. 

Although the definition we have presented may assist 
in understanding the nature of a glacier, yet it is mani- 
festly open to objections. If we consider the snow-line 
as defining the limit between the évé and the glacier 
proper, it is evident that there must be numerous excep- 
tions to the rule. As before remarked, during certain 
years, and in many instances for a term of years, the 
snow-line is much lower than at other times, and may 
completely conceal the glacier beneath. Again, an ice- 
stream may terminate in the sea and be broken up and 
form icebergs before the differentiation into #évé and 
glacier proper has been reached. 

From all that has been determined concerning the 
nature of glaciers it is evident that they form one of the 
transition stages in the history of the snow that falls in 
certain regions, and like genera and species in the organic 
kingdom cannot be limited by hard-and-fast lines, but 
may be classified by comparison with typical examples. 
From the snow, hail, and frozen mists of a mountain-top 
are formed the accumulations of granular ice-snow which 

By pressure and alternate melting and 
freezing, the zévé passes into compact ice, which acquires 
motion and is termed a glacier; but the plane of separa- 
tion is indefinite, and one merges into the other by 
insensible gradations. 

The morainal material carried by glaciers is deposited 
when melting takes place, and frequently forms character- 
istic accumulations that still retain the name of moraines. 
The debris along the border of an ice-stream is frequently 
left as ridges or irregular terraces on the sides of a valley, 
marking the former height of the ice-flood. At various 
stages in the retreat of the ice the lateral moraines are 
united by terminal moraines which cross the former bed 
of the glacier in irregular but usually crescent-shaped 
piles, between which the valley bottom is usually deeply 
filled with unassorted debris, and frequently occupied by 
lakelets. When a glacier is prolonged from the mouth of 
a valley on a plain, it builds out its lateral moraines 
perhaps for many miles, and when it retreats these are 
left as parallel embankments, not infrequently hundreds 
of feet high and sometimes miles in extent. __ 

The movement of glaciers causes friction, which results, 
as the study of living glaciers has shown, in the smoothing 
and scratching of the rocks over which the ice passes. 
The boulders, pebbles, and sand held in the bottom and 
sides of the glacier produce smooth and polished surfaces, 
crossed by scratches and grooves having an exceedingly 
characteristic appearance, which, when once understood, 
it is difficult to mistake for the results produced by other 
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agencies. While the rocks beneath a glacier are being 
worn and rounded, the stones set in the ice are in turn 
battered and scratched and often ground down to plane 
surfaces that are not infrequently polished and covered 
with glacial striae. 

As a tule, alpine glaciers follow pre-existing drainage 
valleys, which they enlarge and broaden. As frequently 
stated, a stream-cut gorge is distinctly V-shaped, but after 
being occupied bya glacier it is found to have become 
U-shaped in cross-section. 
The records of glacial action looked for by geologists 

are: deposits of morainal material, which frequently 
differs from the adjacent country rock, and may occur in 
an irregular manner or be grouped definitely as lateral 
and terminal moraines; boulders perched in fortuitous 
positions, as on steep slopes and hill-tops ; smoothly 
rounded rocky knolls; polished and scratched rock 
surfaces ; rock-basins, &c. 

NOTES 

Ir is stated that the forthcoming ‘‘ Life and Letters of Charles 
Darwin,” by Mr. Francis Darwin, will contain a brief auto- 
biographical fragment. 

Mr. Murray announces a new edition of Darwin’s work on 

“The Expression of the Emotions in Man and Animals,” with 

the author’s latest corrections. 

WE learn from the 7zmes that Dr. Hermann Abich, the dis- 

tinguished Austrian naturalist, died at Vienna on the Ist inst. at 

the advanced age of eighty years. He was born at Berlin on 

December 11, 1806, and attained the grade of Doctor in the 

University of that city before he was twenty-five. His first 
scientific tours were in Sicily and Italy. He then became Pro- 
fessor of Mineralogy at Dorpat, and devoted most of his Jeisure 

during his residence in Russia to travels in the Caucasus, 

Armenia, and Northern Persia. His earliest published work 

was on Vesuvius and Etna in 1833-34, and his latest seems to 
have been brought out in 1862 on the Geology of Daghestan. 

By his own request his remains were removed to Gotha for the 

purpose of cremation. 

WITH reference to the recent catastrophe by which the Kinz 

ef Bavaria and his physician lost their lives, Sctesce notes that 
Dr. Gudden is a sad loss to science, for he was one of the most 

noted authorities in the sphere of nervous and mental diseases. 

He has also been at the head of a laboratory in which investi- 
gations of the fine anatomy of the brain, spinal cord, and sense- 
organs have been carried on. He has given his name to a 

manner of studying the connections of the nervous system which 

is as ingenious as it has proved fruitful of results. His method 

consists in extirpating a sense-organ or other part of an animal 
when young, and then allowing the animal to grow up. At 
death the animal is examined, and the fibres which have failed 

to develop will thus be marked out as the paths of connection 
between the extirpated sense-organ and the brain-centre. For 
many years he had been at work on the problem as to the mode 

of connection between the retina and the brain, but his results 

are not yet before the public. 

ACCORDING to Sczence the first circular of the local committee 
at Buffalo of the American Association for the Advancement of 

Science, announces that the meetings will be held in the recently 
enlarged high-school building. Reduced rates have been ob- 
tained over many of the railroads, most of which allow a return 
ticket at one-third of the usual fare. The Western Union Tele- 
graph Company will place its lines and district telegraph system 
at the service of members. The Botanical Club of Buffalo is 

arranging an excursion and reception for the Botanical Section, 
and the local Entomological Club is doing the same kind service 

for the Entomological Section. The address of the local secre- 

tary is Dr. Julius Pohlman, Buffalo, N.Y. 

As our readers are aware, it has been resolved to mark the 

memorable event of the attainment, on August 31 next, of his 

hundreth year by the venerable father of modern science, 

“Le Doyen des Etudiants,” as he loves to call himself{—M. 

Chevreul—by striking a medal in his honour. The execution of 

this medal has been intrusted to M. Roty, old ‘‘ pensioner” of 
the Academy of France, at Rome. Contributions towards the 

commemorative medal are, of course, not to be limited to 

France, but will embrace the whole scientific world, which 

everywhere alike claims the author who extended the bounds of 

science as its honoured citizen. Subscriptions, which will be re- 
ceived up to the 22nd of this month, may be addressed to the Presi- 
dent of the Committee, 8, Rue Guy-de-la-Brosse, Paris. A list 

of the subscribers will accompany the medal, which is to be pre- 
sented to M. Chevreul on his centenary day, and if the amount 

of the subscriptions allows of it, a copy of the medal will be sent 

to the subscribers. 

AT the sitting, on June 7 last, of the Academy of Sciences at 

Paris, M. Halphen delivered an address in praise of the labours 
of M. Bouquet, his immediate predecessor in the seat he holds 
in that body. From the foundation of the Academy down to 
the present time, the duty of eulogising departed members has 
devolved exclusively on the Perpetual Secretaries at the anni- 
versary meetings. The annual death-rate of members has, 

however, of late been such that a large number of them 

were in danger of disappearing from the roll without any 

formal record of their services. The initiative thus taken by 

M. Halphen was followed up at the next meeting. This step 

has, of course, been taken in imitation of the arrangements of 

the Académie Frangaise, in accordance with which each in- 
coming member is required to eulogise his predece-sor at a 

special meeting, an answer being also given in the name of the 

Academy by another member appointed for that purpose. 

RECENT soundings have given the following depths for the 

different Swiss lakes :—Constance, between Uttwyl and Fried- 

richshafen, 255 metres; Geneva, between Rivaz and Saint- 

Giugolphe, 256 metres ; and between Lausanne and Evian, 330 

metres ; Brienne, 261 ; Thun, 217; Lucerne, between Gérau 

and Rueteren, 214 metres ; Zug, 198 ; Neuchatel, 153 ; Wallen- 

stadt, 151; and Ziirich, 143 metres. 

AccorDING to Prof. Heim, of Ziirich, the total number of 

glaciers in the Alps is 1155, of which 249 have a length of more 
than 7500 metres. Of this number the French Alps contain 

144, those of Italy 78, of Switzerland 471, and of Austria 462. 

The total superficial area of these glaciers is between three and 
four thousand square kilometres, those of Switzerland amounting 
to 1839 kilometres. The greatest length is reached by the 

Aletsch glacier, which is 24 kilometres long. As to thickness, 

it will be remembered that Agassiz, when measuring a crevasse 
in the Aar glacier, did not reach the bottom at 260 metres, and 

that he calculated the depth of the bed of ice at a certain point 

of this glacier at 460 metres. 

We have received the Aud/etin for the past year of the 
Society for Indo-Chinese Studies of Saigon. Amongst the 

papers is one by that indefatigable student, Dr. Tirant, 

on the odoriferous woods of Cochin China, which, though 

numerous in variety, are of four principal kinds, the most im- 

portant being aloes and sandalwood. We have already notice. 
a series of papers by the same writer on the fishes and reptiles 

of Cochin China. Another interesting paper deals with the 
textile plant Sazzsevéera as found in Cochin China. 

A Commission composed of MM. Becquerie, Berger, and 

Mascart, having been appointed to examine the question of the 
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safety or danger of erecting a tower to the height of 300 metres, 

as proposed, in the Champ de Mars, on the occasion of the 
forthcoming Universal Exhibition, has reported that there is no 

danger in connection with such a structure if special precautions 
are taken for its non-insulation. The tower acting as a light- 
ning conductor would, on the contrary, they explain, serve to 

protect the whole of the Champ de Mars from injury by light- 

ning if the rules laid down by the Commission on lightning con- 
ductors were applicable in the case of so exceptional an 
altitude. 

THE report for the current year of the Coventry Free Public 
Library is a very encouraging document. It shows increase in 
all directions—in the number of borrowers, the number of books 

issued, and a large increase in the number of volumes owned by 
the Library. All the excellent work done by the Institution is 

paid for by a trifling rate producing a little over 500/., supple- 
mented by the assistance of a private book club. The tables 
appended by the Coairman, Mr. Odell, showing the number of 

books issued in each class of literature, the monthly totals and 

averages, the ages of the borrowers, and more especially the 
occupations of the latter, are very suggestive. In these days, 

when more than ever we have, politically speaking, to ‘* educate 

our masters,” the record of the work of the Coventry Free 

Public Library is very gratifying. 

WE have received from Tokio a copy of a Japanese scientific 
journal (apparently the Nature of Japan), which has already 
reached its third volume and fifty-sixth number. It is printed 
throughout in Japanese, being much the same shape as NATURE, 

and containing forty-eight pages in each number. The issue before 

us contains a lecture on human parasites, by Prof. Ijima ; some 

remarks on the historical methods of the Chinese school, by Mr. 

Suyematsu, formerly of Cambridge ; the third of a series of 

lectures on physical geography by Prof. Kotd; a paper on 
““Some Phenomena IJ have witnessed,’’ and another on methods 

of treating pebrine, by a teacher in the Kornaba Agricultural 
College. The notes are also of a very general character: they 

refer to ‘some simple physical experiments” ; an alloy that ex- 

p2nds with cold ; the uses of coffee ; refining ores by electricity ; 

the strength of paper; a new sweet compound; animal bone 

industry ; hypnotism ; the Universal Meridian and Time Con- 
ference, &c. Then follow letters to the editor, and finally a 

report of a meeting of the Tokio Physico-Mathematical Society. 

No proof is wanted nowadays of the remarkable scientific 
progress in Japan ; if it were, it would be supplied by the fact 

thita journal of this high character can live and apparently 
flourish. 

We have also to acknowledge the receipt from the Imperial 
Meteorological Observatory of Japan of the ‘‘ Monthly and 
Yearly Means, Extremes, and Sums for the Years 1883, 1884, 

1885,” with an appendix on observations of clouds, There 
were twenty-seven stations, including four in Yezo and one in 
Corea. 

AN interesting work which has just been published in the 
Bulletin of the United States National Museum (No. xxx. 
pp. 113-81) is an annotated catalogue of the published writings 

of Dr. Charles Abrathar White, the distinguished palzontolo- 
gist to the United States Geological Survey, and the occupant 

of several other important scientific positions. The editor is 
Mr. J. B. Marcou, whose object has been to note everything 

containing any expression of Dr. White’s views on scientific 

subjects, as well as his more elaborate works. The annotations 

which accompany the catalogue were drawn up mainly from 
data furnished by the author himself, and all expressions of 
opinion on geological ard paleontological subjects are his own. 
The catalogue contains in all 151 entries, ranging from articles 

| of trout. 

in scientific periodicals to his contributions on invertebrate 
palezeontogy in the annual reports of the Geological Survey. The 

whole represents an almost incredible mass of scientific work, 

performed as it was in a brief quarter of a century, 1860-85. 

WE are glad to notice that Dr. White’s important work on 

the Cretaceous invertebrates of Brazil, which were collected by 

the Imperial Geological Commission under the direction of the 
late Prof. Hartt, is now in process of publication at Rio de 
Janeiro by the Brazilian National Museum. It is to appear in 

the Portuguese and English languages, and will be illustrated 

by twenty-eight lithographic plates ; 214 species in all are pub- 
lished and figured in this work, of which 116 species are diag- 
nosed as new. Four new genera are proposed—three of 

Gasteropoda, and one of Echinoids. The former are Orvillia, 

Cylindritella, and Cypreiteon. The latter is Heteropoda, the 

generic diagnosis of which was supplied to the author by Prof. 
| P. de Loriol, of Geneva. 

Tue following facts exemplify the strong migratory instincts 
At the fish culture establishment at Delaford, where 

the utmost care is taken to isolate the various species of Sal- 
monidz, a few of the fish occasionally are found in ponds long 

distances from those in which they were originally located. 

Considering that each pond is so constructed as to prevent such 
a contingency, the occurrence is very remarkable, and can only 
be accounted for in two ways, viz. that the fish either burrow 

through holes that probably are made by rats and moles, or 

they jump out of the water and so proceed to the next pond. It 
is not likely that they are borne thence by birds, as the appear- 

ance of the fish on the occasions referred to does not justify such 
an assumption. It will be interesting to inquire further into the 
subject with a view of eliciting the real facts of the case. 

A Fis Culture Conference is to be held at the Colonial and 
Indian Exhibition on July 26 at the instigation of the National 
Fish Culture Association. The Marquis of Exeter will preside, 
and papers will be read by Mr. J. Willis-Bund, the Rey. C. J. 
Steward, Mr. Oldham Chambers, and others, upon fresh-water 
and marine fish. The Conference will commence at 10.30 a.m. 

and last until Io p.m, 

A PAIR of electric eels (Gy nolus elechicus) arrived the other 

day at the Colonial and Indian Exhibition Aquarium from British 
Guiana, but have since unfortunately died. They were very 

fine specimens, and measured 44 feet in length, their normal 

size being 6 feet. They require a temperature of 75°, and pro- 
vided the water is maintained at this standard they will live and 

thrive in captivity. The water should not be too deep, how 

ever, and must be kept clean, 

From the report issued by the Central Meteorological Insti- 
tute of Sweden for last year it appears that there are thirty-four 
public stations for observation, and some half-a-dozen private 

ones, in that country. In addition to these there are nearly 400 
places where the fall of rain is registered, and other partial 
observations made. These observations have been duly pub- 

lished in the Institute’s journal, ‘‘ Monthly 2ésmé” of the 
weather in Sweden, edited by Dr. H. E. Hamberg, which has 

now reached its sixth year of publication, In addition to this,the 
publication of a short climatological description of each country, 

founded on the observations of the last twenty-six years, has 
been continued, whilst Dr. Hamberg has added an important 

contribution in the shape of the work ‘‘On the Influence o 

Forests on the Climate of Sweden.” The twenty-second part 
of a work ‘* Meteorological Observations in Sweden,” a résumé 

of the observations made at the public meteorological station, 
| has also appeared, and finally synoptical tables have been 
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framed of the weather at all stations on any day of 1884, show- 

ing the quantity and nature of the rainfall, thunder, fog, dew, 
frost, transparency of the air, ‘‘sun-snake”’ (a phenomenon 

chiefly observed in the northern part of Sweden), aurora borealis, 

&c. Reports on the forming and breaking up of the ice have been 
received from fifty-eight stations, besides seventy-seven observa- 

tions of periodical features of animal and vegetable nature. 

THE Swedish Academy of Sciences has issued a work entitled 
‘©The Correspondence of Carl von Linnzus,” containing a 
record ofall the correspondents of this famous naturalist, Swedish 

as well as foreign, with their addresses, date of birth and 

death, &c., as well as the date of each letter to and from. 

THE first African city lighted by electricity was not Algiers or 

Cairo, but Kimberley, with forty-two Brush lamps, each of 2500 
candle-power. The current is also utilised there for the killing 

of dogs, a step suggesting the execution of death sentences by 

the same means, as proposed in America and in France by M. 

Charson, a member of the Senate. 

Mr, R. N. Cust, the Secretary to the Royal Asiatic Society, 
is engaged on a work on the languages of the tribes of Polynesia, 

including those of Australia. 

THE additions to the Zoological Society’s Gardens during the 

past week include a Squirrel Monkey (Chrysothrix sciurea 6 ) 

from Guiana, presented by Madam G. Sangiorgi; a Macaque 

Monkey (JZacacus cynomolgus ?) from India, presented by Mr. 

D. Evans ; a Rhesus Monkey (AZacacas rhesus 9 ) from India, 

presented by Capt. Pitman ; a Common Cormorant (Pha/acro- 

corax carbo), British, presented by Mr. O. Moulton Barrett ; 

two Golden Eagles (Aguila chrysaetus) from Scotland, a Lined 

Finch (Sfermophila lineola) from South America, deposited ; two 

Ostriches (Struthio camelus  ¢) from North Africa ; a Lear’s 
Macaw (Ava lear?) from South America ; a Lineolated Parra- 

keet (Bolborhynchus lineolatus) from Mexico, purchased; a 

Bennett’s Wallaby (Halmaturus bennctti ?), a Vulpine Pha- 

langer (Phalangisla vulpina 8), three Canadian Beavers (Castor 

canadensis), born in the Gardens. 

OUR ASTRONOMICAL COLUMN 

THE STRASBURG OBSERVATORY.—Herr W. Schur has pub- 
lished, in No. 2736 of the Astronomische Nachrichten, a supple- 
mentary report on the work done at the Strasburg Observatory 
during the ten months preceding May of this year, so as to 
exhibit the state of the instruments and of the computations 
relating to the observations made with them on the eve of his 
departure for Gottingen, where he has been appointed Director 
in the room of the late Prof. Klinkerfues. During the interval 
to which the report refers, Herr Schur was chiefly occupied with 
observations of the moon with the altazimuth and of comets 
with the great refractor, also with the examination of the micro- 
meter-screw of the latter instrument. The meridian-circle has 
chiefly been employed in the observation of southern stars— 
amongst others the eighty-three stars of Auwers’ Southern 
Fundamental Catalogue, and certain stars for investigating 
astronomical refractions. The direct and reflection observations 
to the end of the preceding year give for the geographical lati- 
tude of the meridian-circle, +48° 35’ 0’"11, which agrees well 

~ with a former determination with Repsold’s transit, using Horro- 
bow’s method, viz. +48° 35’ 0:23. In former reports Herr 
Schur has drawn attention to the discordance between the nadir 
points determined with observer north and observer south, 
which, for his observations, amounts to a considerable quantity ; 
in the mean, from a large number of observations, } (north— 
south) being as much as +0"'50. This large value agrees both 
in sign and in magnitude with the quantity determined from 
observations of zenith stars for similar positions of the observer, 
viz. o”°77, and Herr Schur concludes that his observed zenith 
distances of stars require a correction of about —o0”°6. In the 

_ case of the other Strasburg observers, the corresponding correc- 
tion is comparatively insignificant. Herr Schur’s successor at 
Strasburg is Dr. Kobold. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 FULY 18-24 

(EOS the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on Fuly 18 
Sun rises, 4h. 6m. ; souths, 12h. 5m. 56’5s.; sets, 20h. 6m. ; 

decl. on meridian, 21° 1’ N,: Sidereal Time at Sunset, 
15h. 52m. 

Moon (two days after Full) rises, 20h. 42m.* ; souths, th. 31m. ; 
sets, 6h. 27m, ; decl. on meridian, 14° 5’ S. 

Planet Rises Souths Sets Decl. on meridian 
h. m. m. h. m. a 7) 

Mercury 6 41 13 54 27) 13 21 N. 
Venus ... 1633 9 38 1743) «22 92 46"N- 
Wisetsihy.t.. scey LTS 16,48) 22 23/33, 6-1 | 3uS019= 
Jupiter... Io 9 TONS e222 fa ORS OR Ne 
Saturn... yay) De 15 kOees 22 20N, 

* Indicates that the rising is that of the preceding evening. 

Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 
angles from ver- 

July Star Mag. Disap. Reap. tex to mekeion 

inverted image 
h. m. h. m. = oi 

19 ... € Aquarii... ... 54... 3 30 mearapproach 35 — 
19 ... el Aquarii... ... 6 ... 4 I near approach 220 — 
pies, Cette ec) seen 4u meee 5 Se o 24t ... 52 267 

+ Occurs on the following morning. 

July . 
19 10... Mercury at greatest elongation from the Sun, 

27° east. 

Variable Stars 

Star R.A. Decl. 
hee ms a oH h. m. 

U Cephei ... o 52:2... 81 16 N. ... July 18, 23 32 ” 
9» «623, 23 II mm 

R Piscium ... ... 1 248... 2 18N. ALES MT 

S Ursee Majoris ... 12 390... 61 43 N. ana M 

V Bootis MY PQ cen Sie) AB INI5 cos apg 225 MM 

WkCoroncee ... .-- U51G50 2.92) 4Ni aan 2) 22) 22) 778 

U Ophiuchi... ... 17 10°38... 1 20N.... ,, 22, 2 58 m 
oy 22 NaS) ON 72 

X Sagittarii... ... 17 40°4 ... 27 47 Se July 24, 2 o ML 

U Sagittarii... ... 18 25°2... 19 12S. An LCR ray’ 

S Vulpeculz LOPASsTpeee 27 OlNtn ss e4s me 

x Cygni : 10) 40:2)e 32030) Neen eS; m 

S Delphini ... ... 20 378... 16 q41 N.... ,, 22, M 

3Cephei ... ... 22 24°9...57 50N.... 5, 18, 21 30 7 

M signifies maximum ; 7 minimum. 

Meteor Showers 

Meteors begin to be somewhat numerous in the latter half of 

the present month. Amongst the radiants represented are the 

following :—Near 7 Andromedz, R.A. 10°, Decl. 38° N. ; near 

B Cassiopeie, R.A. 6°, Decl. 58° N. ; near 7 Draconis, Rk. A. 

245°, Decl. 64° N. ; near o Serpentis, R.A. 266°, Decl. 12° S. ; 

near a Cygni, R.A. 312°, Decl. 46° N.; from Lacerta, R.A. 

342°, Decl. go N.; and the great Perseid shower, maximum 

August 10, radiant R.A. 45°, Decl. 56° N., begins to furnish 

individual meteors about this time. 

GEOGRAPHICAL NOTES 

AccorDINnG to the Colonies and India, the Secretary of the 
Victorian branch of the Geographical Society of Australasia has 
written to the Royal Society of Victoria asking the latter to 
appoint a committee to confer with that already appointed by 
the former Society on the question of sending an exploring ex- 
pedition to the Antarctic regions. It is urged that a conference 
should take place as soon as possible, and that various scientific 
associations should be invited to co-operate in sending out one 
or more expeditions. 

Tue latest news from the Chitral Mission is that Col. Lock- 
hart is returning to India from Zebah, in Badakshan, leaving 
Col. Woodthorpe in charge of the party. 

Ir is stated that Mr. A. R. Colquhoun, who is at present Civil 
Commissioner at Mogoung, in Upper Burmah, is about to start 
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on a journey of exploration into Upper Assam, and the regions 
lying between this and Burmah. 

THE latest official information concerning Dr. Wilhelm 
Junker, the African traveller, comes from Zanzibar. It reports 
that while he was staying with the Kinz of Unyoro, the latter 
was attacked and defeated by the King of Uganda. The King 
of Unyoro and Dr. Junker succeeded, however, in making their 
escape. Dr. Junker lost all his collections, but saved his 
journals. 

AT the March meeting of the Geographical Society of Stock- 
holm it was decided not to distribute the Vega medal—the 
greatest honour the Society can confer—this year. (Only 
three travellers have as yet received it, viz. Nordenskjold, 
Pallander, and Stanley. ‘The Vega fund was awarded to Dr. 
F. Svenonius, for explorations in the Lapland highlands during 
the summer. 

A RECENT number of the Verhandlungen of the Berlin 
Geographical Society (Band xiii. No. 5), contains an important 
paper on Corea, by Dr. Gottsche, who travelled widely over the 
peninsula on behalf of the Japanese Government. During two 
journeys he traversed all the eight provinces of the country, and 
visited 80 of the 350 district towns. The general features are 
already tolerably well known to English students from Mr. 
Carles’s reports laid before Parliament, and his paper in the 
Proceedings of the Royal Geographical Society, but as Dr. 
Gottsche is a geologist, and travelled specially for scientific 
observation, he supplements Mr. Carles’s papers in this direc- 
tion. ‘The climate, he shows by meteorological tables, lies be- 
tween that of Japan and of North China, while in the North the 
climate in winter is of almost Siberian rigour. As for the 
geological formation, granite, gneiss, and_ crystalline schists 
play a predominant part. Here and there these are broken by 
the older volcanic formations, as diabase and quartz porphyry ; 
palceozoic strata occur rarely, and the later sedimentary forma- 
tions not at all. Active volcanoes do not exist on the mainland, 
and earthquakes have been unknown within the memory of 
man. The only metal in which Corea is rich is iron ; the belief 
that gold abounds is a delusion. The fauna is rich, and of much 
interest, for palzarctic and sub-tropical types meet here. With 
regard to the flora, unfortunately a large portion of Dr. Gottsches’ 
collection was lost, and the remainder was handed to Dr. Engler 
of Breslau for examination and report. In conclusion, he says 
that though Corea may never be popular with the ordinary 
traveller for pleasure, it will well repay the visitor on scientific 
objects intent. Prof. Enting, who travelled in the interior of 
Arabia in 1883-84 on an antiquarian mission, especially in 
search of inscriptions, gives a long and comprehensive account 
of the regions through which he went. 

THE new number (Heft ii. Bd. 9) of the Deutsche Geo- 
waphische Blatter, the organ of the Geographical Society of 
Bremen, contains the conclusion of Dr. Oppel’s paper on the 
Congo basin. The present instalment refers to the explorations 
of past years, the lower, central, and upper Congo region, north 
and south of the stream, the climate, meteorology, botany, 
-zoology, ethnography, &c. It will thus appear that the paper is 
an encyclopedic one on the great West African river. The 
next paper is a continuatioa of Herr Valdau’s account of his 
journey to the north of the Cameroons, especially around Lake 
Mbu, and between that and Balundu, and the coast. 
Steinvorth gives a most interesting account of a little Slav 
c lony or oasis in Hanover called the Hanoverian Wendtland, 
where the people down to this day have in great part preserved 
their original speech, customs, and other peculiarities. 
writer describes all these in some detail, and comes to the 
natural conclusion that here we have not a pure Wendt people, 
but one largely mixed with Germans, and thinks, after dis- 
cus-ing the peculiarities of the dialect spoken, that this colony 
is worthy of the attention of the student of comparative language. 
This is followed by a general article (which is anonymous) on 
the new Chilian province of Tarapaca, dealing especially with 
the silver mines and saltpetre industry. Herr Seelstrang sup- 
plies a paper of more direct geographical interest on the region 
about the source of the Rio Chubut, hitherto one of the least- 
known parts of the Argentine Republic. The rest of the number 
(which is of considerabie size) is occupied by geographical 
intelligence, reviews of books, &c. 

In the Boéletino of the Italian Geographical Society for May, 
Signor Sommier describes the excursion which he made with 

Herr | 

The | 

Signor G. Cini to Cape North in January 1885. Some interest 
attaches to this journey, which is the first made across Lapland 
and Finland in midwinter for purely scientific purposes. The 
travellers proceeded by train from Christiania to Throndhjem, 
and thence by steamer in darkness and storm to Hammerfest and 
Skarsvaag, in the island of Mager, the northernmost group of 
habitations in Europe, and the nearest permanent settlement to 
Cape North. Here they received a friendly welcome from the 
Jocal ‘* Landelsmand,” and reached the goal of the expedition 
on foot with much greater ease than had been anticipated. The 
weather was unusually calm and mild, with a temperature of 
only —2°C. At some points the evergreen lichens and other 
growths (Betula nana, Empetrum nigrum, Diapensia lapponica, 
&c.) were visible through some centimetres of transparent ice 

| clothing the surrounding rocks. The only animals seen, besides 
the eider and other water-fowl, were the raven, crow, magpie, 
Arctic fox, and frankoline, the latter (Lagopus mutus) everywhere 
present in large numbers. Several photographs were taken, and 
after a stay of eleven days in the neighbourhood, during which 
the glass never fell below — 16° C., the travellers returned by 
water to Hammerfest and Bossekop, at the head of the Alter 
fjord. Thence the route was continued overland under great 
hardships — eastwards to Lake Enare, southwards through 
Kittila to Haparanda, and round the west side of the Gulf of 
Bothnia to Sundsvall, whence Stockh»lm was reached by train. 
At Karasjok, on the road between Bossekop and Enare, the 
travellers made the acquaintance of the same Lapp family that 
visited London last year, and much valuable information was 

| collected on the Lapps, Quans, and northern Finns, This 
forms the subject of two communications sent by Stephen 

| Sommier to the Archivio per [ Antropologia el Etnologia (xvi., I, 
1886), and separately printed under the title of ‘*‘ The Lapps and 
Northern Finns.” ‘Che account of the trip to Cape North has 

| also been issued in separate form by the Italian Geographical 
Society (Rome, 1886). 

THE LUNAR SURFACE AND ITS 

TEMPERATURE 

As MONOGRAPIHL by the writer, relating to the temperature 
of the lunar surface, read before the American Academy 

of Science, September 1869, contained the following :—‘‘ Are 
we not forced to dissent from Sir John Herschel’s opinion that 
the heat of the moon’s surface, when presented to the sun, 
much exceeds that of boiling water? Raised to such a high 
temperature, our satellite, with its feeble attraction, could not 
possibly be without an envelope of gases of some kind. Indeed, 
nothing but the assumption of extreme cold offers a satisfactory 
explanation of the absence of any gaseous envelope round a 
planetary body, which, on account of its near proximity, cannot 
vary very much from the earth as regards its composition, The 
supposition that this neighbouring body is devoid of water, dried 

| up and sunburnt, will assuredly prove one of the greatest mis- 
takes ever committed by physicists.” This assertion was based 
on demonstrations showing that the circular walls of the great 

| “ying mountains” on the lunar surface are not, as supposed, 
composed of ‘‘ mineral substances originally in a state of fusion.” 
The height and diameter of these walls being recorded in ‘* Der 
Mond,” computations based on the safe assumption that the areas 
of their transverse sections cannot be less than the square of their 
height, establishes the important fact that the contents of the 

| wall of, for instance, Tycho, the circumference of which is 160 
miles, height 2°94 miles, amounts to 2°94 x 160 = 1382 cubic 

| miles. The supposed transfer of this enormous mass, in a 
molten state, a distance of 25 miles from the central vent ima- 
gined by Nasmyth, and its exact circular distribution at the 
stated distance, besides its elevation to a vertical height of nearly 
3 miles, involve, I need not point out, numerous physical im- 
possibilities. 
to have produced the “fring mountains” must consequently be 
sought in explanation of their formation. A rigid application 
of pbysical and mechanical principles to the solution of the 
problem proves conclusively that water subjected successively to 

' the action of heat and cold has produced the circular walls of 
Tycho. The supposition that these stupendous mounds consist 
of volcanic materials must accordingly be rejected, and the 
assumption admitted that they are inert glaciers which have 
become as permanent as granite mountains by the action of 
perpetual intense cold. 

Other materials and agencies than those supposed _ 
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Independently of the foregoing demonstration, the fallacy of 
the volcanic hypothesis will be comprehended by its advocates 
on learning that the quantity of lava requisite to form the cir- 

and Wales to a depth of 125 feet.' 
Before proceeding further with our demonstration it will be | 

necessary to establish the maximum temperature which solar 
radiation is capable of imparting to the lunar surface. This 
temperature, of course, varies with the distance of the primary 
and its satellite from the sun. By means of an actinometer the 
bulb of whose thermometer receives an equal amount of radiant 
heat on opposite sides, I was enabled to determine with desirable 
accuracy, sixteen years ago, that, when the earth is in aphelion, 
solar radiation on the ecliptic imparts a maximum temperature 
of 67°:23F., and that the retardation of the radiant energy occa- 
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sioned by the want of perfect atmospheric diathermancy reaches 
0°207. Consequently the temperature produced by solar radia- 

ut u | tion at the boundary of the terrestrial atmosphere is 
cular walls of Tycho would cover the entire surface eof England | 

67-25% 1207) Glee ttuba, 

when the earth is in aphelion. Agreeably to observations during 
the winter solstice, compared with observations at midsummer, 
at equal zenith distance, the augmentation of solar intensity 
when the earth is in perihelion amounts to 5°°84 F. ; hence the 
temperature produced by solar radiation reaches 

81-11 + 5°84 = 86°95 F., 

when the rays enter our atmosphere during the winter solstice. 
It should be observed that on theoretical grounds the increase of 
temperature, when the earth is in perihelion, will be in the 
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Captain Ericsson's Pyrheliometer. 

inverse ratio of the dispersion of the solar rays ; hence, as the 
aphelion distance is to the perihelion distance as 218°1 to 21079, 
it will be seen that the temperature produced by solar radiation 
when‘the earth is in perihelion will be 

218°1? x 67°°2 BS 
°-86 F. 

210°9" th 

Adding 0°207 for retardation caused by imperfect atmospheric 
| temperature of the lunar surface when presented to the sun while diathermancy, solar intensity during the winter solstice will be 

71°86 x 1°207 = 86°73 F. 

Calculation™ based on odservation, as before stated, proves that 
the perihelion temperature is 86°'95, thus showing a trifling 
discrepancy between theory and observation. 

t Area of England and Wales, 58,320 square miles; contents of the walls 
re < 1382 

of Tycho, 1382 cubic miles; hence = = X 5280 = 125'12 feet. 
5e 32! 

Adopting 86°73 as correct, it will be found that the 
yearly mean temperature produced by solar radiation when the 
rays enter the earth’s atmosphere will be 

81°11 + 86°°73 
seh! ae lO 7) — 83°92 F., 

2 

while the temperature produced by the sun’s radiant heat is only 
81°11 during the summer solstice, as before shown. Hence the 

the earth is furthest from the luminary can only be augmented 
Sirk. 

The remarkable fact that the moderate heat produced by solar 
radiation is capable of increasing the temperature of bodies 
previously heated to a high degree demands consideration in 
connection with the subject under investigation ; also the nature 
of the device, before referred to, for ascertaining the temperature 
produced by solar radiation. The accompanying illustration 
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represents a combination of said device and a pyrheliometer 
differing materially from Pouillet’s instrument, by showing the 
true intensity of the ‘‘ fire” in the sun’s rays. 

The illustration presents a top view and a vertical section of 
the new instrument through the centre line. The upper part, 
composed of bronze, is cylindrical with a flat top, the bottom 
being semispherical, composed of ordinary glass. The top of the 
cylindrical chamber is provided with three circular perforations 
covered by a thin crystal carefully ground and polished. A 
thermometer having a spherical bulb is introduced through the 
side of the chamber, the bulb being central to the transparent 
semispherical bottom. A short parabolic reflector, shown in 
section on the illustration, surrounds the instrument, adjusted so 
that its focus coincides with the centre of the bulb of the thermo- 
meter. The compound cylindrical and spherical chamber is 
inclosed ina vessel containing water, appropriate openings at 
top and bottom being provided for maintaining constant circu- 
lation during experiments. Efficient means are also provided 
for exhausting the air from the internal chamber. The instru- 
ment is secured to the top ofa substantial table which, during 
experiments, faces the sun at right angles by the intervention of 
a parallactic mechanism. Movable shades are applied, by 
means of which the sun’s rays may be quickly cut off from, or 
admitted to, the parabolic reflector; while other shades enable 
the operator to admit or exclude the solar rays from the circular 
perforations at the top of the exhausted chamber. It will be 
readily understood that the parallel lines within the exhausted 
chamber, shown on the illustration, indicate the course of the 
solar rays passing through the crystal and the perforations at the 
top, while the converging radial lines indicate the rays reflected 
by the parabolic reflector. The »pper hemisphere of the thermo- 
metric bulb, it will be seen, receives the radiant energy of the 
sun’s rays which pass through the large central perforation ; 
while the lower half of the bulb will be acted upon by the rays 
passing through the small perforations. ‘These rays are reflected 
upwards by two inclined circular mirrors attached to the bottom 
of the exhausted chamber. It should be particularly observed 
that the areas of these inclined mirrors /ogetier should exceed 
the area of the great circle of the bulb of the thermometer suffi- 
ciently to make good the loss of radiant energy caused by the im- 
perfect reflection of the said mirrors, and also to make good the 
loss attending the passage of the solar rays through the crystal. 
A capacious water cistern, connected by flexible tubes with the 
external casing of the pyrheliometer, enables the operator to 
maintain the exhausted chamber at any desirable temperature. 
Engineers of great experience in the application of heat for the 
production of motive power and other purposes deny that the 
temperature of a body can be increased by the application of 
heat of a lower degree than that of the body whose temperature 
we desire to augment. The soundness of their reasoning is 
apparently incontrovertible, yet the temperature of the mercury 
in the instrument just described raised to 600° F, by means of 
the parabolic reflector, increases at onee when solar heat is 
admitted through the circular apertures, althouzh the sun’s 
radiant intensity at the time may not reach one-tenth of the 
stated temperature. It should be mentioned that the trial of 
this new pyrheliometer has not been concluded, owing to very 
unfavourable atmospheric conditions since its completion. For 
our present purpose the great fact established by the illustrated 
instrument is sufficient, namely that the previous temperature of 
a body exposed to the sun’s radiant heat is immaterial. The aug: 
mentation of temperature resulting from exposure to the sun, the 
pyrheliometer shows, depends upon the intensity of the sun’s rays, 

Regarding the temperature prevailing during the lunar night, 
its exact degree is not of vital importance in establishing the 
glacial hypothesis, since the periodical increment of temperature 
produced by solar radiation is only a fraction of the permanent 
loss attending the continuous radiation against space resulting 
from the absence of a lunar atmosphere ; besides, all physicists 
admit that it is extremely low. Sir John Herschel says of the 
night temperature of the moon that it is ‘the keenest severity 
of frost, far exceeding that of our Polar winters.” Proctor says: 
“A cold far exceeding the intensest ever produced in terrestrial 
experiments must exist over the whole of the unilluminated 
hemisphere.” The author of “ Outlines of Astronomy” has 
also shown that the temperature of space, against which the 
moon at all times radiates, is — 151° C, (—239°°8 F.), Pouillet’s 
estimate being — 142° C. (—223°6 F.). Adopting the latter 
degree, and allowing 81°*11 for the sun’s radiant heat, we esta- 
blish the fact that the temperature of the lunar surface presented 
to the sun will be 223°°6 less S1°"1, or - 142°°5 F., when the 

earth is in aphelion. — It will be well to bear in mind that when 
the earth is in the said position, the sun’s rays acting on the 
moon subtend an angle of 31’ 32”, hence the loss of heat by 
radiation against space will be diminished only o’oo0021 during 
sunshine. Nor should Herschel’s investigation be lost sight of, 
showing that stellar heat bears the same proportion to solar heat 
as stellar light to solar light. Stellar heat being thus practically in- 
appreciable, the temperature produced by stellar radiation cannot 
be far from absolute zero—an assumption in harmony with the 
views of those who have studied the subject of stellar radiation, 
and consequently regard Pouillet’s and Herschel’s estimate of the 
temperature of space as being much too high. 

Having disposed of the question of temperature, let us return 
to the practical consideration of the glacial hypothesis. The 
formation of annular glaciers by the joint agency of water and 
the internal heat of a planetary body devoid of an atmosphere 
and subjected to extreme cold is readily explained on physical 
principles. Suppose a sheet of water, or pond, on the moon’s 
surface, covering the same area as the plateau of Tycho, viz. 
50 miles diameter and 1960 square miles. Suppose, also, that 
the internal heat of the moon is capable of maintaining 2 
moderate steam pressure, say 2 lbs, to the square inch, at the 
surface of the water inthe pond. The attraction of the lunar mass 
being only one sixth of terrestrial attraction, while the moon’s 
surface is freed from any atmospheric pressure, it will be evident 
that under the foregoing conditions a very powerful ebullition 
and rapid evaporation will take place, and that a dense column 
of vapour will rise to a considerable height above the boiling 
water. It will also be evident that the expansive force within 
this column at the surface of the water will be so powerful at 
the stated pressure that the vapour will be forced beyond the 
confines of the pond in all directions with great velocity. No 
vertical current, it should be understood, will be produced, since 
the altitude of the column, after having adjusted itself to the 
pressure corresponding with the surface temperature of the water, 
remains stationary, excepting the movement consequent on con- 
densation from above. The particles of vapour forced beyond 
the confines of the pond, on being exposed to the surrounding 
cold, caused by unobstructed radiation against space, will of 
course crystallise rapidly, and in the form of snow fall in equal 
quantity round the pond, and thereby build up an annular gla- 
cier. As the radius of the vaporous column exceeds 25 miles, 
it will be perceived that, notwithstanding the rapid outward — 
movement, before referred to, some of the snow formed by the 
vapours rising from the boiling pond will fall into the same, to 
be melted and re-evaporated, 

In connection with the foregoing explanation of the formation 
of annular glaciers, their exact circular form demands special 
consideration. An examination of Ruthezford’s large photo- 
graph of the lunar surface shows that, apart from the circular 
form of the walls, the bottoms of the depressions are in 
numerous cases smooth, rising slightly towards the centre 
uniformly all round. The precision observable proves clearly 
the action of formative power of great magnitude. Referring to 
what has already been explained regarding the vaporous column 
of 25 miles radius, calculation shows that a surface temperature 
exerting the moderate pressure of 2 Ibs. to the square inch 
will produce an amount of mechanical energy almost incal- 
culable. Practical engineers are aware that the steam rising 
from a surface of water 10 square feet, heated by a very slow 
fire, is capable of producing an energy of 1 horse-power ; conse- 
quently a single square mile of the boiling pond will develop 
2,780,000 horse-power. This prodigious energy will obviously 
be exerted horizontally, as the weight of the superincumbent 
column of vapour balances its exfansive force precisely as the 
weight of our atmosphere balances its expansive force. But 
unlike the earth’s atmosphere, which is restrained from hori- 
zontal movement by its continuance round the globe, the vapour 
of the column of 50 miles diameter is free to move beyond the 
confines of the pond. A very powerful horizontal motion, 
especially of the lower part of the vaporous mass, will thus be 
promoted, acting in radial lines from the centre, the principal 
resistance encountered being the friction against the water. 
Considering that the friction against the surface of the ocean, 
caused by the gentle trade-wind, is sufficient to produce the 
Gulf Stream, we need no figures to show the effect on the water 
in the boiling pond produced by the vaporous mass propelled by 
an energy of 2 Ibs. to the square inch, in radial lines towards its” 
confines. A circular tidal wave of extraordinary power, together 
with a return under-current towards the centre, will obviously be 
the result. Butagreeably to the laws supposed to govern vortex 
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motion, these currents cannot be maintained in a radial direction. 
A rotary motion, rapidly augmenting, will take place, producing 
a vortex more powerful than any imagined by Descartes. The 
radial currents of the vaporous column having assumed a spiral 
course, will rapidly acquire a velocity exceed that of a cyclone. 
The practical effect of the powerful movement of the vortex, it 
is reasonable to suppose, will resemble that of a gigantic carving- 
tool whose thorough efficiency in removing irregularities has been 
proved by the exact circular outline presented by thousands of 
lunar formations. The terraces within the “ ring mountains” in- 
dicated on Beer and Madler’s chart, it may be shown, were 
produced by evaporation resulting from low temperature and 
reduced energy after the formation of the main glacier. 

There is another feature in the lunar landscape scarcely less 
remarkable than its circular walls and depressions. In the centre 
of nearly all of the latter one or more conical hills rise, in some 
cases several thousand feet high. Has the rotary motion of the 
boiling vortex any connection with these central cones? A 
brief explanation will show that the connection is quite intimate. 
The under-rated estimate that 10 square feet of surface under 
the action of slow fire is capable of developing one horse- 
power proves the presence of a dynamic energy exceeding 
5,009,090,000 of horse-power at the base of the vaporous 
column resting on the boiling water of a pond as large as that 
of Tycho. No part of this power can be exerted vertically, as 
already explained, on the ground that the weight of the vapour 
restrains such movement. The great velocity of the vortex re- 
sulting from the expenditure of the stated amount of dynamic 
energy will of course produce corresponding centrifugal force ; 
hence a maelstrém will be formed capable of draining the cen- 
tral part of the pond, leaving the same dry, unless the water be 
very deep, in which case the appearance of a dry bottom will 

__ be postponed until a certain quantity of water has been trans- 
_ ferred to the glacier. Tt should be observed that the central part 

© 4 & 

of the bottom, freed from water, will also be freed from the 
surrounding cold by the protection afforded by the vaporous 
mass. The quantity of snow formed above the centre, at great 

altitude, will be small, and of course diverged during the fall. 
_ Evidently the dry ceatral part, prevented, as shown, from cool- 
| ing, will soon acquire a high temperature, admitting the forma- 
tion of a vent for the expulsion of lava, called for as the moon, 

whose entire dry surface is radiating against space, shrinks rapidly 
under the forced refrigeration attending glacier-formation. Lava- 
cones similar to those of terrestrial volcanoes, and central to 

_ the circular walls, may thus be formed, the process being favoured 
by the feebleness of the moon’s attraction. The existence of 

_ warm springs on the protected central plains is very probable ; 
_ hence the formation of cones of ice might take place during the 

last stages of glacier-formation, when those plains no longer 
_ receive adequate protection against cold. 

____ In accordance with the views expressed in the monograph read 
j before the American Academy of Science, continued research has 
_ confirmed my supposition that the water on the moon bears the 
same proportion to its mass as the water of the oceans to the 
terrestrial mass. I have consequently calculated the contents of 

the circular walls of the ‘‘ring mountains” measured and 
_ delineated by Beer and Madler, and find that these walls contain 
630,000 cubic miles. The opposite hemisphere of the moon 
__ being subjected to similar vicissitudes of heat and cold as the one 

_ presented to the earth, the contents of the circular walls not seen 
_ cannot vary very much from those recorded in ‘‘ Der Mond”; 
_ hence the total will amount to 1,260,000 cubic miles. Allowing 
_ for the difference of specific gravity of ice, the statel amount 
_ represents 1,159,090 cubic miles of water. But ‘*Der Mond” 
_ does not record any of the minor circular walls which, as shown 
__ by the large photograph before referred to, cover the entire sur- 
- face of some parts of the moon. On careful comparison it will 
be found that the contents of the omitted circular formations is 
so great that an addition of 50 per cent. to the before-stated 

_ amount is called for. An addition of 25 per cent. for the ice- 
fields, whose extent is indicated by cracks and optical pheno- 
mena, is likewise proper. The sum total of water on the moon, 
therefore, amounts to 2,028,600 cubic miles. 

Adopting [Herschel’s estimate of the moon’s comparative mass, 
_ Viz. 0°011364, and assuming that the oceans of the earth cover 
130,000,009 square miles, it will be seen that the estimated 
‘quantity of water on the moon corresponds with a mean depth 

__ of 7250 feet of the terrestrial oceans.! This depth azrees very 

es 

7 

2028600 X 5280 

~ 130000000 X 0'011364 
rresponding w.th water on the moon, 

s =7250 fect mean depth of ‘terrestrial ocean; 

nearly with the oceanic mean depth established by the soundings 
for the original Atlantic cable, viz. 7500 feet ; but the result of 
the Challenger Expedition points to a much greater depth. This 
circumstance is by no means conclusive against the supposition 
that the satellite and the primary are covered with water in rela- 
tively equal quantities. The correctness of Sir John Herschel’s 
demonstration proving the tendency of the water on the lunar 
surface to flow to the hemisphere furthest from the earth must be 

| disproved before we reject the assumption that the quantity of 
water on the surface of the moon bears the same proportion to 
its mass as the quantity of water on the earth to the terrestrial 
mass. Joun Ericsson 

SCIENTIFIC SERIALS 

Renticonti del Reale [stituto Lombardo, May 27.—Determina- 
tion of the heat of fusion in the alloys oflead, tin, bismuth, and 
zinc, by Prof. D. Mazzotto. By the cooling process usually 
adopted for determining the specific heat of liquids, the author 
finds the point of fusion and the heat of fusion for these various 
chemical alloys as under :— 

Point of fusion Heat of fusion 

Tin and lead ... 181 10°29 
Tin and zinc ... 196 16°20 
Tin and bismuth 38 11065 
Bismuth and lead ... 126 4°744 

Two of these coincide and two others differ little from the composi- 
tion of the chemical alloys as given by Rudberg.—Education 
and crime in Italy, by S. Amato Amati. In order to ascertain the 
influence of public instruction on the criminal classes in the 
Peninsula, the author has compiled a number of comparative 
tables based on official returns ranging from the year 1871 to 
1883 inclusive. For the last three years of this period the 
results are as under :— 

Could read 
Criminals Unlettered areionte Educated 

1831 8693 55Ir 3031 Ist 
1882... = 7099 4139 2671 199 
1883... 6490 3741 2596 153 

According to the three last census returns the total percentage of 
unlettered was as under :— 

Males Females Total 
1861 65°47 81°52 73°50 
1871 60°16 77°18 68°64 

1881 53°89 72°93 63°45 
—Meteorological observations made at the Brera Observatory, 
Milan, during the month of May. 

SOCIETIES AND ACADEMIES 

LONDON 

Royal Society, May 6.—‘ Further Discussion of the Sun- 
spot Spectra Observations made at Kensington.” By J. Norman 
Lockyer. Communicated to the Royal Society by the Solar 
Physics Committee. a : 

I have recently discussed, in a preliminary manner, the lines 
of several of the chemical elements most widened in the 700 
spots observed at Kensington. 

The period of observation commences November 1879, and 
extends to August 1885. It includes, therefore, the sunspot 
curve from a minimum to a maximum and some distance 
beyond. c 

It is perhaps desirable that I should here state the way in 
which the observations have been made. The work, which has 
been chiefly done by Messrs, Lawrance and Greening, simply 
consists of a survey of the two regions F—é and 6—D. t 

The most widened line in each region—not the widest line, 
but the 72st wid-ned, is first noted ; its wave-length being given 
in the observation books from Anzstrém’s map. Next,-the lines 
which most newly approach the first one in widening are re- 
corded, and so on till the positions of six lines have been noted, 

the wave-lengths being given from Angstrém's map, for each 
region. ; i 

It is to be observed that these observations are made without 
any reference whatever to the origin of the lines ; that is to say 
it is no part of the observer's work to see whether there are 

! metallic coincidences or not; this point has only been inquired 
into inthe present reductions, that is, seven months after the 
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TABLE A.—IRON 

Lion Lines observed in Sunspot Spectra at Kensington among the 
most Widened Lincs 

3 
1884 1885 

2nd HUNDRED, 

Sept. 29, 1880, to Oct. 15, 1881 

3rd HUNDRED, 

Oct. 18, 1881, to June 27, 1882 

4th HUNDRED, 

July 1, 1882, to August 28, 188 

5th HUNDRED, 

August 30, 1883, to June 23, 

6th HUNDRED, 

June 24, 1884, to Feb. 12, 1885 

7th HUNDRED, 

Feb. 18, 1885, to August 24, 

Ist HUNDRED, 

Noy. 12, 1879, to Sept. 29, 1880 

last observations now discussed were made. 
absence of all bias is secured. 

It may further be remarked that the number of lines widened 
throughout a sunspot period is about the same, so that the con- 
ditions of observation vary very little from month to month, and 
from year to year. 

It may be further remarked that the absolute uniformity of 
the results obtained in the case of each of the chemical elements 
investigated indicates, I think, that the observations have been 
thoroughly well made; and, as a matter of fact, they are not 
difficult. 

I first give tables (A, B, C) showing that for each of the 

In this way perfect 

TABLE B,—NICKEL 

List of most Widened Lines observed at Kensington 

MN DO HO MDOWO WMA Dna oo memo 

Lines NAMEN AMO FHOO HAO = Ninw 
OMOH MRD HEH MERA ADH Mt tMO Dm 
WDHEAANADNO OOOO O HF wt mt et et et et 
tet t tt tT OMMHMMMHMnMMnMnMMwH 

Ist hundred 

2nd hundred 

| 

3rd hundred | | 

| 

4th hundred | 

5th hundred | 

| 
6th hundred 

7th hundred 

TABLE C,—TITANIUM 
List of most Widened Lines observed at Kensington 

MANMOOMAWDMONMMTO MNHO MON 
Lines AtoteO MMM MO0 Nk THO DOO THs 

OD HODOHMMMMMNHOUO ROH ATT 
PW ANAGCCOOOOODOOOO DO O Ft wt et et et 
tet THT MMM MMMHMHMMMMHMHMHHNMMNMNYH 

ist hundred | | | | 

2nd hundred | | | | 

3rd hundred 

4th hundred 

5th hundred | 

6th hundred 

7th hundred No lines. 

chemical elements taken—iron, nickel, and titanium—the num- 
of lines seen in the aggregate in each hundred observations is 
reduced from minimum to maximum, and that this result holds 
good for both regions of the spectrum. 

I next give another table (D) showing that during the obser- 
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1st 

‘hundred 
| 

| 

hundred 
ard 4th 5th 6th 

TABLE D.—Unknown Widened Lines observed at Kensington 

7th 
hundred hundred hundred|hundred/hundred 

| 

~~. 

13 

i | 
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30. | 

33 

eZee 
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Ne 
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ni: 

7 Oa + 
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None 

NNe 

N Wwe p : NN AOO —Wu: 

=~: ow: 

Noo: 

17 
27 
19 

It 
20 

27 

nN: 

mu Nn: 

20 

Ist | 2nd | 3rd 4th sth 6th 7th 
hundred hundred | hundred) hundredjhundred) hundred |hundred 

5143 °2 #3 2 : 
5144°2 I 3 A | 
5144°5 4 He Wf one 
5145'5 296 Fowles. ; oer 
5145 haeegse ae 46 12 | 
51465 | 5 : eee Es soo if, 
Gi Sn ee |e Ae ee I 
5148'S ze = || ee Pe (ect |e 
SI4Qe 3) 2 32 31 36 4 35 
Sage) |: oe | if \_ 3 
RRit1@) Sp a ect | 3 
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noe | | | |e a] - 
5159 gee | | § 13 It 4t 
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5160 Be I 4 | Oe 
5160°4 | 5 es 4 
5162 9 7 ny a Co 
5162°2 I 23 49 2 30} | eres 
5175 I!" “cee eco 208 se |e 3 

vations the lines recorded as most widened near the maximum 
haye not been recorded amongst metallic lines by either 
Angstrom or Thalén, and that many of them are not among 
the mapped Fraunhofer lines, though some of them may exist 
as faint lines in the solar spectrum when the observing con- 
ditions are best. 

The reduction of the latitudes of the spots is not yet 
completed. 

The result of these observations may be thus briefly stated. 
As we pass from minimum to maximum, the lines of the 
chemical elements gradually disappear from among those most 
widened, their places being taken by lines of which at present 
we have no terrestrial representatives. Or, to put the result 
another way—at the minimum period of sunspots when we know 
the solar atmosphere is quietest and coolest, vapours containing 
the lines of some of our terrestrial elements are present in sun- 
spots. The vapours, however, which produce the phenomena 
of sunspots at the sunspot maximum are entirely unfamiliar 
to us. 

The disappearance of the lines of iron, nickel, and titanium, 
and the appearance of unknown lines as the maximum is reached, 
is shown by curves in Fig. 1. 

The results, in my opinion, amply justify the working hypo- 
thesis as to the construction of the solar atmosphere which I 
published some years ago (Proc. Roy. Soc., 1882, p. 291). In 
the region of the spectrum comprised between 4860 and 5160, I 
find in the case of ir n, to take an instance, that sixty lines were 
distributed unequally among the spots in 1879 and 1880, many 
iron lines being visible in every spot. In the last observations, 
about the maximum, only three iron lines in all are seen among 
the most widened lines. These three lines also have been visible 
in four spots only out of the last hundred. The same thing 
happens with titanium and nickel, and with all the substances 
for which the reductions are finished. 
Iam quite content, therefore, to believe that iron, titanium, 

nickel, and the other substances very nearly as complex as we 
know them here, descend to the surface of the photosphere, in 
the downrush that forms a spot at the period of minimum, but 
that at the maximum, on the contrary, only their finest con- 
stituent atoms canreach it. It may also be remarked that these 
particles which survive the dissociating energies of the lower 
strata are not the same particles among the constituents of the 
chemical elements named which give the chromospheric lines 
recorded by Tacchini, Ricco, and myself. 

Having thus found the working hypothesis to which I have 
referred stand the severe test which the sunspot observations 
apply to it, I have gone further, and have endeavoured to extenc| 
it in two directions. 
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First. I found that the view to which the hypothesis directly 

leads, that the metallic prominences are produced by violent 
explosions due to sudden expansions among the cooler matters 

brought down to form the spots, when they reach the higher 

temperature at and below the photo -vel, includes all the 
facts I know touching spot and prominence formation. 
for instance, the close connection between metallic prominences 
and spots ; the entire absence of metallic prominences with rapid 

motion from any but the spot-zones; the fact that the facule 
always follow the formation of a spot and never precede it ; 

here | 

hus, 
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that the faculous matter lags behind the spot asa rule ; the exist- 
ence of veiled spots and minor prominences in regions outside the 
spot-zones ; the general injection of unknown substances into the 
lower levels of the chromosphere which I first observed in 1871, 
and which have been regularly recorded by the Italian observers 
since that time—all these phenomena and many others which 
may be referred to at length on another occasion, are demanded 
by the hypothesis, and are simply and sufficiently explained 
by it. 

With regard to the extensions of volume to which I have re- 

Most Widened. Lines... F-b Region. 

1879-80" 1880-1 18Bl-2 1682-3 1883-4 1884-5 fexsfo) 
“Hundred: ont Hundied 3%! Hundred 4t* Hundred st*Hundred: 6th Hundred 7hHundred 

Fic. 1.—Number of appearances of known and unknown lines. 

ferred, I find that if we assume that metallic iron can exist in 
any part of the sun’s atmosphere, and that it falls to the photo- 
sphere to produce a spot, the vapour produced by the fall of 
1,000,009 tons will give us the followinz volumes :— 

Volume in 
Temperature Pressure phic miles 

2,005° C, 380 mm. awe 0°35 
10,000 760! as 1'8 
20,0°0 5 atmos, a0 O'7 

50,000 760 mm. oan $8 
50,009 190 shies 

If we assum? the molecule of iron to be dissociated ten times 
by successive halving, then the volume occupied will be 1024 
times greater, and we shall have 

Volume in 
cubic miles 

9,011 

36,044 
In these higher figures we certainly do seem nearer the scale 

on which we know solar phenomena to take place ; the tremen- 
dous rending of the photosphere, upward velocities of 250 miles 
a second, and even higher horizontal velocities according to 

‘Temperat ire Pressure 

760 mm. 
190 ,, 

50,000° C. 505 
50,000 
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Peters, are much more in harmony with the figures in the second 
table than the first. 

I may mention, in connection with this part of the subject, 
that the view of the great mobility of the photospnere which 
this hypothesis demands, so soon as we regard metallic promi- 
nences as direct effects of the fall of spot material, is further 
justified by the fact that, if we assume the solar atmosphere, that 
is the part of the sun outside the photosphere, to be about 
500,000 miles high, which I regard as a moderate estimate, the 
real average density of the sun is very nearly equal to one-tenth 
that of water, instead of being slightly greater than that of 
water, as stated in the text-books.} 
We can then only regard the photosphere asa cloudy stratum 

existing in a region of not very high pressure. It is spherical 
because it depends upon equal temperatures. 

_ The second direction in which I have attempted to develop 
the hypothesis has relation to the circulation in the sun’s atmo- 
sphere. I have taken the facts of the solar atmosphere as a 
whole, as they are recorded for us in the various photographs 
taken during eclipses since 1871, and also in drawings made 
before that time, the drawings being read in the light afforded 
by these photographs, 

£ Fic. 2.—Minimum. 

\ 
| | These currents, as they exist in the higher regions of the 
) atmosphere, carry and gather the condensing and condensed 
materials till at last they meet over the equator. 

There is evidence to show that they probably extend as solar 
meteoric masses far beyond the limits of the true atmosphere, 
and form a ring, the section of which widens towards the sun, 

)-and the base of which lies well within the boundary of the 
atmosphere (Fig. 2). 

| _ If we assume such a ring under absolutely stable conditions, 
| there will be no disturbance, no fall of material, therefore there 
| will be no spots, and therefore again there will be no promin- 

€nces. Such was the state of things on the southern surface of 
the ring from December 1877 to April 1879, during which 
period there was not a single spot observed the umbra of which 

) Was over 15-millionths of the sun’s visible hemisphere. 
| Assume ‘a disturbance. This may arise from collisions, and 
these collisions would be most likely to happen among the 
particles where the surface of the ring meets the current from 
| the poles. These particles will fall towards the sun, thereby 

* The density referred to water = 1°444 and to the earth o'255, 
to Newcomb. 

according 
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Tracing of Newcom)'s observation of 1878, the brighter portion of corona being hidden bya screen. 
| extension and concentric atmospheres. 

2 55 

I find that the working hypothesis at once suggests to us that 
the sunspot period is a direct effect of the atmospheric circula 
tion, and that the latitudes at which the spots commence to form 
at the minimum, which they occupy chiefly at the maximum, 

| and at which they die out at the end of one period in one hemi- 
sphere, probably at the moment they commence to form a second 
one in the other (as happened in 1878-79), are a direct result of 
the local heating produced by the fall of matter from above de- 
scending to the photosphere, and perhaps piercing it. The 
results of this piercing are the liberation of heat from below 
and various explosive effects due to increase of volume, which, 
acting along the line of least resistance, give, as areturn current, 
incandescent vapours ascending at a rate which may be taken as 
a maximum of 250 miles a second, a velocity sufficient to carry 
them to very considerable heights. 

The view of the solar circulation at which I have arrived may 
be briefly stated as follows :— 

There are upper outflows from the poles towards the equa- 
torial regions. In these outflows a particle constantly travels, 
s» that its latitude decreases and its height increases, so that the 
true solar atmosphere resembles the flattened globecinsPlateaw’s 
experiment (see photographs, 1878, and Fig. 3). 

Shows the equatorial 

disturbing and arresting the motion of other particles nearer the 
photosphere, and finally they will descend with a crash on to 
the photosphere, from that point where the surface of the ring: 
enters the atmosphere some distance further down. 

The American photographs in 1878 supply us with ample 
evidence that this will be somewhere about lat. 30°, and here 
alone will the first spots be formed for two reasons. 

(1) In the central plane of the ring over the equator, the 
particles will be more numerous ; a rapid descent, therefore, in 
this central plane will be impossible, for the reason that the 
condensed matter has to fall perhaps a million of miles through 
strata of increasing temperature ; there will, therefore, be no 
spots ; and practically speaking, as is known, there are no spots 
at the equator, though there are many small spots without 
umbrz between latitudes 3° and 6° N. and S. 

Above lat. 30°, as a rule, we have no spots, because there is 
no ring, and further the atmosphere is of lower elevation, so that 
there is not sufficient height of fall to give the velocities require 
to bring down the material in the solid form. a @ 

The lower corona, where the corona is high, and it is highest 
over the equator, acts as a shield or buffer ; volatilisation and 
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dissociation take place Where this occurs, 
spots are replaced by a gentle rain of fine particles slowly de- 
scending, insteal of the fall of mighty masses and large 
quantities of solid and liquid material. 

Volatilisation will take place gradually during the 
and at the utmost only a veiled spot will be produced. 

We know that when the solar forces are weak, such a descent is 

taking place all over the sun, because at that time the spectrum 

of the corona, instead of being chiefly that of hydrogen, is one 
of a most complex nature—so complex that before £882 it was 
regarded by everybody as a pure continuous spectrum, such as is 
given by the limelighr. 

Th2 moment the fall of spot material begins we get the return 
current in the shape of active metallic prominences, and the pro- 
duction of cones and horns which probably represent the highest 
states of incandescence over large areas and extending to great 
heights ; and, besides these, the production of streamers (see 
Fig. 4). 

descent, 

Two results follow :— 

(1) In consequence of the increased temperature of the lower | 
rezions, the velocity of the lower carrents towards the poles, 

andtherefore of the upper currents from the poles, is enor- 

Fic. 3.—Minimun. 
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mously increased. 
increased. 

(2) Violent uprushes of the heated photospheric gases, mount- 
ing with an initial velocity of a million miles an hour, can al<o 
disturb the ring directly. 

In this way the sudden rise to maximum in the sunspot curve, 
and the lowering of the latitude of the spots, follow as a matter 
f course. And the pirt of the ring nearest the sun, its base, 

so to speak, is, it would appear, thrown out of all shape, and 
we get falls over broad belts of latitude N. and S. 

Does this hypothesis explain, then, the slow descent to mini- 
mum and the still decreasing latitude? It does more, it 
emands it. For now the atmosphere over those regions where 

the spots have hitherto been formed is so highly heated and 
s height is so increased, that any disturbed material descend- 
1g through it will be volatilised before it can reach the photo- 
yhere. 
The best chance that descending particles have now to form 

pots is if they fall from points in lower latitudes. The final 
ae 

The disturbance of the rinz will therefore be 

it 

II 

y; 

period, therefore, of the sunspot curve must be restricted to a 
very large extent to latitudes very near the equator, and this is 

1e fact also, as is well known. 

Mguator 

Tracing of the results obtained by the cameras in 1873, showing inner portion of equatorial extension, and how the surfaces of it cut 
the concentric atmosphere in lat. 35° N. and S., or thereabouts. 

: It will be seen that on this view, as the brightness, and there- 
fore the temperature, of the atm sphere, as we know, increases 
very considerably from minimum to maximum, the masses which 
can survive this temperature must fall from gradually increasing 
heights. 

It may be pointed out how perfectly this hypothesis explains 
the chemical facts observed and associates them with those 
gathered in other fields of inquiry. 

At the minimum the ring is nearest the sun, the subjacent 
atmosphere is low and relatively cool. 3 

Particles falling from the ring, therefore, although they fall in 
smaller quantity because the disturbance is small, have the best 
chance of reaching the photosphere in the same condition as 
they leave the ring, hence at this time the widening in many 
familiar lines of iron, nickel, titanium, &c. i 
The gradual disappearance of these lines from the period of 

minimum to that of maximum is simply and sufficiently explained 
by the view that the spot-forming materials fall through gradu- 
ally increasing depths of an atmosphere which at the same time 
is having its temperature as gradually increased by the result of 
the action I have before indicated, until finally, when the maxi- 

mum is reached, if we assume dissociation to take place at a 
| higher level at the maximum, dissociation will take place before 

is very gradual. 
| conditions at the maximum to be maintained for some time 

the vapours reach the photosphere, and the lines which we know 
in our laboratories will cease to be visible. 

This is exactly what takes place, and this result can be con- 

nected, as I have stated elsewhere, with another of a different 
kind. This hypothetical increasing height of fall demanded by 
the chemistry of the spots is accompanied by a known accelera- 
tion of spot movement over the sun’s disk, as we lower the 
latitude—which can only be explained, so far as I can see, by a 
gradually increasing height of fall as the equator is approached. 

There are two other points. (1) The sunspot curve teaches 
us that the slowing down of the solar activities at the maximum 

We should expect, therefore, the chemical 

afterwards. As a matter of fact, they have been maintained 
till March of the present year, and only now is a change taking 
place which shows us chemically that we are leaving the maxi- 
mum conditions behind. (2) The disappearance of the lines of 
the metallic elements at maximum is so intimately connected | 
with an enormous increase in the indications of the presence of 

| 

| 
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hydrogen that there is little doubt that we are in the presence of ; been recorded during eclipses which have happened at the 
cause and effect. The hydrogen, I am now prepared to 
believe, is a direct consequence of the dissociation of the metallic 
elements. 

It will be convenient to refer here to the facts which 
been recorded during those eclipses-which have been observed 
at the sunspot minimum and maximum. 

At the minimum the corona dim; observations 
during the minimum of 1878 showed that it was only 
seventh as bright as the corona at the preceding maximum. 
There are no bright lines in its spectrum, and both photographic 
and eye-observations proved it to consist mainly of a ring round 
the equator, gradually tapering towards its outer edge, which 
some observations placed at a distance of twelve diameters of the 
sun from the sun’s centre. 

The same extension was observed in the previous minimum in 
1867, and the polar phenomena were observed to be identical in 
both eclipses. At the poles there is an exquisite tracery curved 
in opposite directions, consisting of plumes or Aanaches, which 
bend gently and symmetrically from the axis, getting more and 
more inclined to it, so that those in latitudes 80° to 70° start 
nearly at right angles to the axis, and their upper portions droop 
gracefully, and curve over into lower latitudes. 

Although indications of the existence of this ring have not 

have 

made 
one- 

is 

period of maximum, there was distinct evidence both in the 
eclipses in 1871 and 1875 of the existence of what I ard as 
the indications of outward upper polar currents observed at 
minimum. 

The fact that the solar poles were closed at the maximum of 
1882, while they were open in 1871, is one of the arguments 

which may be urged that at times the whole spot-zones are 
surmounted by streamers, with their bases lying in all longitudes 
along the zones. 

It was probab 

reg 

y the considerable extension of these streamers 
earthwards, in I which hid the finer special details the 
poles, while in the part of the sun turned towards the 

earth was not rich in streamers of sufficient extension. 
Touching these streamers, it is an important fact to be borne 

in mind, that no spots ever form on the poleward side of them. 
It is obvious, therefore, that spots are not produced by the 

condensation of materials on their upper surfaces, for in that 
case the spots would be produced indifferently on either side of 
them, and the width of the spot-zones would be inordinately 
increased. 

Although in the foregoing I have laid stress upon the indica 
tions afforded by the observations of 1878 of the existence of a 
ring, it snould be remarked that, so far, the eclipse appearances 

Fic. 4.—14 years from maximum, 1858. 

on which the idea rests have not been observed at maximum. 

Tracing of drawing by Liais, 

This, however, is not a fatal objection, because precautions for } 
shielding the eye were necessary even in 1878 when the corona 
was dim ; and if it is composed merely of cooled material it 

would not readily be photographed. 
In may be urged by some that the phenomena observed in 

1878 may only after all have been equatorial streamers. 
It is obvious, therefore, that this point deserves the closest 

etion during future eclipses, until it is settled one way or the 

other. 

Geological Society, June 23.—Prof. J. W. Judd, F.R.S., 
President, in the chair.—The President announced that ae h ad 
received from Prof. Barrois an intimation that the Geological 
Society of France would hold a special country meeting in the 
district of Finistére from the 19th to the 28th of August next, 
during which a variety of interesting excursions would be made 
under’ the guidance of MM. Barris Davy, and Lebesconte. 
Prof. Barrois, i in writing, expressed the pleasure which it would 
give the members of the Geological Society of France if they 
were joined by some of their Eng 1elish confréres, but at the same 
time Stated that as the accommodation for travellers was limited 
in the district, he would be glad to have a notice from any 
One intending to take part in the meeting. Particulars were to 
be obtained from the Assistant Secretary, who would also com- 
municate with Prof. Barrois.—The following communications 

showing “cones.” 

were read :—On some perched blocks and associated pheno- 
mena, by Prof. T. McKenny Hughes, M.A., F.G.S. The 
author described certain groups of boulders which occurred on 
pedestals of limestone rising from 3 to 18 inches above the level 
of the surrounding rock. The surfaces of these pedestals were 
striated in the direction of the main ice-flow of the district, while 
the surrounding lower rock in no case bore traces of glaciation, 
but showed what is known as a weathered surface. He inferred 
that the pedestals were portions of the rock protected by the 
overhanging boulder from the down-pouring rain, which had 
removed the surrounding exposed parts of the surface. When 
the pedestals attained a certain height relatively to the surround- 
ing rock the rain would beat in under the boulder, and thus 
there was a natural limit to their possible height. He referred 
to the action of vegetation in assisting the decomposition of the 
limestone, and considered that there were so many causes of 
different rates of waste and many sources of error, that 
he distrusted any numerical estimate of the time during 
which the surrounding limestone had been pate to denuda- 
tion. Considering the moce of transport of the boulders, 

thought that they could not have been carried by marine currents 
and coast-ice, as they had all travelled, in the direction of the 
furrows on the rock below them, from the parent rock on the 
north. Moreover, marine currents would have destroyed the 

| glaciation the rock and filled the hollows with debris. 
Furthermore, the boulders and strix are found in the same dis- 

so 

he 
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trict at such very different levels and in such positions as to pre- 
clude the possibility of their being due to icebergs. Nor could 
the boulders represent the remainder of a mass of drift which had 
been removed by denudation, for the following reasons: (1) 
they were all composed of one rock, and that invariably a rock 
to be found in place close by ; (2) any denudation which could 
have removed the clay and smaller stones of the drift would 
have obliterated the traces of glaciation on the surface of the 
rock ; (3) the boulder which had protected the fine glacial 
markings below it from the action of the rains would certainly in 
some cases have preserved a portion of the stiff boulder-clay ; 
(4) the margin of the boulder-clay along the flanks of Ingle- 
borough was generally marked by lines of swallow-holes, into 
which the water ran off the voulder-clay ; and when the im 
pervious beds overlying the limestone had been cut back by 
denudation, a number of lines of swallow-holes marked the suc 
cessive stages in the process; but there was not such evidence 
of the former extension of the drift up to the Norber boulders ; 
(5) the boulders themselves were not rounded and vlaciated in 
the same way as the masses of the same rock in the drift, but 
resembled the pieces now seen broken out by weathering along 
the outcrop of the rock close by. Having thus shown the im- 
probability of these boulders having been let down out of a mass 
of drift the finer part of which had been removed by denuda- 
tion, or of their having been masses floated to their present posi- 
tion on shore-ice, he offered an explanation of their peculiar 
position, which he thought was not inconsistent with the view 
that they belong to some part of the age of land-ice. That they 
were to be referred to some exceptional local circumstances 
seemed clear from the rarity of such glaciated pedestals, while 
boulders and other traces of glaciation were universal over that 
part of the country. He therefore pointed out, in explanation, 
that they occurred always where there was a great obstacle in 
the path of the ice: at Cunswick the mass of Kendal Fell 
curving round at the south and across the path of the ice; at 
Farleton the great limestone escarpment rising abruptly from 
Crooklands ; at Norber the constriction of the Crummaclk 
valley near Wharfe, and the great mass of Austwich grit 
running obliquely across its mouth. 
had to force its way up hill; and there would be a time when it 
would just surmount the obstacle after a season of greater snow- 
fall, and fall back after warm setsons, until it fell back alto- 
gether from that part. During the season of recession, boulders 
would be detached below the ice-foot ; during the seasons of 
advance they would be pushed forward; and in those excep- 
tional localities of isolated hills from which the drainage from 
higher ground was cut off, the boulders were left on a clean fur- 
rowed surface of limestone, which was then acted upon by rain- 
water and the vegetation, except where protected by the 
boulders. The author said that the reason why he objected 
to any numerical estimate of the time which had elapsed 
since the boulders were left on the glaciated surface was that we 
did know that the rate of weathering in the limestone was most 
unequal. He gave cases from Devonshire and the Lake 
District of extensive weathering in a few years. He had 
called attention to the great acceleration of decomposition 
where the vegetation encroached on the limestone, and he 
maintained that we had 
On some derived fragments in the Longmynd and newer 
Archean rocks of Shropshire, by Dr. Charles Callaway, 
F.G.S, Further evidence was added to that given in the 
author’s previous paper (Q.%.G.S., 1879, p. 661) to show 
that the Longmynd rocks of Shropshire were chiefly composed 
of materials derived from the Uriconian series, and that the 
Uriconian series itself (Newer Archzean) was partly formed from 
the waste of pre-existing rocks. This evidence consisted of (1) 
the presence, throughout the greatly developed Longmynd con- 
glomerates and grits, of purple rhyolite fragments, recognised 
by microscopical characters as identical with the Uriconian 
rhyolites of the Wrekin, and the occurrence of grains, probably 
derived from the same rhyolites, in the typical green slates of 
the Longmynd; and (2) the existence of conglomerate beds 
containing rounded fragments of granitoid rock in the core of 
the Wrekin itself, whilst the Uriconian beds of other localities, 
and especially those of Charlton Hill, contained water- 
worn pebbles, chiefly metamorphic. 
to have been derived from metamorphic rocks of three dis- 
tinct types. The views put forward were founded on micro- 
scopical evidence, of which some details were given in the 
paper, and were supported by the views of Prof. Bonney, who 

In all these cases the ice | 

no constant measure to apply.— | 

NA TURE. 

| spector H.M. Mines. 

These pebbles appeared | 

| to the ice being driven by the wind.—On the Decapod Crus 
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had furnished notes on the microscopical characters of the rocks. — 
Notes on the relations of the Lincolnshire carstone, by Mr. A. 
Strahan, M.A., F.G.S. The Lincolnshire carstone has hitherto 
been supposed to be correlative with the upper part of the Spee-_ 
ton series, and to be quite unconformably overlain by the red — 
chalk (Quart. Fourn, Geol. Svc., vol. xxvi. pp. 326-47). But 
the overlap of the carstone by the red chalk, which seemed to 
favour this view, is due to the northerly attenuation, which is 
shared by nearly all the Secondary rocks of Lincolnshire. 
Moreover, the carstone rests on different members of the Tealby 
group, and presents a strong contrast to them in lithological 
character, and in being, except for the derived fauna, entirely 
unfossiliferous. It is composed of such materials as would result 
from the ‘“‘washing” of the Tealby beds. In general it is a 
reddish-brown grit, made up of small quartz-grains, flakes and 
spherical grains of iron-oxide, with rolled phosphatic nodules. 
‘Vowards the south, where it is thick, the nodules are small and 
sporadic. Northwards, as the car-tone loses in thickness, they 
increase in size and abundance, so as to form a ‘‘ coprolite-bed,” 
and have yielded specimens of Ammonites speetonensis, A. plic-— 
omphalus, Lucina, &c. When the carstone finally thins out, — 
the conglomeratic character invades the red chalk, similar 
nodules being then found in this rock. ‘The presence of these — 
nodules, with Nescomian species, taken in connection with the 
character of the materials of the carstone, points to considerable 
erosion of the Tealby beds. On the other hand, there is a pas- 
sage from the carstone up into the red chalk. It would seem, 
then, that the carstone should be regarded as a “‘ basement-bed” 
of the Upper Cretaceous rocks. ‘The Lincolnshire carstone is 
probably equivalent to the whole of the Hunstanton Neocomian, © 
the impersistent clay of the latter being a very improbable re- 
presentative of the Tealby clay. It therefore follows that the 
whole Speeton series is absent in Norfolk, and also in Bedford- 
shire. ‘The unconformity at the base of the carstone becomes. 
greater southwards, and the nodules have been derived from 
older rocks. Similarly north of Lincolnshire, where the Speeton — 
series is overlapped, the nodules in the red chalk, marking a” 
horizon of the carstone, have been derived from oolitic rocks. 
In the south of England it would se*m that equivalents of the 
Speeton series reappear. The Atherfield clay contains an in- 
digenous Upper Speeton fauna, while a pebble-bed near the — 
base of the Folkestone beds is described by Mr. Meyer as con 
taining derived oolitic pebbles, and being probably the repre- — 
sentative of the Upware deposit, and presumably, therefore, 
also of the Lincolnshire carstone.—The geology of Cape Breton” 
Island, Nova Scotia, by Edwin Gilpin, Jun., F.R.S.C., ie 

After referring to previously published 
descriptions of Cape Breton geology, the author stated that th 
various formations found in the island had been thus classified 
by the officers of the Geological Survey :— 

Pre-Cambrian (Laurentian) 

including 

‘d 

| The Felsite series. 
The Crystalline Limestone series. 

Lower Silurian. 
Devonian. 
Carboniferous, including 

- Lower Coal-formation. 
| { Gypsiferous series. 

| Limestones, &c. 
| © Millstone- Grit. 
\ Middle Coal-formation. 

He then proceeded to give an account of each system and its 
subdivisions in order, commencing with the most ancient, and 
adding a few detailed sections of the rocks belonging to some of 
the principal series. He described the distribution and relations 
of the several divisions. The paper concluded with a few not 
on the superficial geology of the island. There is a gene 
absence of moraines and of the fossiliferous Post- Pliocene marine 
clays of the Lower St. Lawrence. The older beds are generall) 
exposed, but deeper soils and deposits with erratic boulders 
found overlying the Carboniferous beds. Marks of recent ic 
action are found on the shores of some of the lakes, and are due | 

ceans of the Oxford Clay, by James Carter, F.G.S. The auth 
commented on the paucity of these fossils as indicated in Britis] 
lists, only three or four species having hitherto been recorded. 
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of Northampton. These fossils occur in the clay immediately 
beneath the St. Ives rock, and therefore presumably in the 
uppermost zone of the Oxford Clay. Many of the specimens are 
more or less mutilated, but some fifteen or sixteen distinct 
species have been made out. None of these have been recorded 
as British except Z7y7a Babeauz, mentioned by Mr. Etheridge 
as having been found in the Kimmeridge Clay. Seven species 
are identified as foreign forms, and seven zre new to science. 
They are distributed as follows :— 

Eryon ... 509 sec species. 
Eryma pon Sate LOT Oe or 

Glyphea se Sab AZ ” 
Magila ... 20r3 3»; 
Mecochirus 2 a 

Goniochorus... cop ” 
Undetermined ... 3 » 

Nearly all the forms being to the type of the Macrura, the Bra- 
chyura being doubtfully, if at all, represented.—Some well- 
sections in Middlesex, by W. Whitaker, B.A. Lond., F.G.S. 
Accounts of many well-sections and borings having been received 

since the publication of vol. vi. of the Geological Survey Memoirs, 
the author now gave more or less detailed descriptions of fifty-six 

_of these, all in the Metropolitan county, and all either unfinished 
‘or, in a few cases, with further information as to published sec- 
tions. The depths range from 59 to 700 feet, more than half 
eing 300 feet or more deep. Nearly all pass through the 
ertiary beds into the Chalk, and most have been carried some 

way into the latter. Papers descriptive of like sections in Essex, 
Herts, and Surrey have been sent to Societies in those counties. 
—On some Cupriferous Shales in the Province of Houpeh, 

China, by H. M. Becher, F.G.S. This communication con- 
tained some geological observations made during a visit to a 
locality on the Yangtse River, near I-chang, about 1000 miles 
from the sea, for the purpose of examining a spot whence 
“copper ore (impure oxide with some carbonate and sulphide) had 
been procured. The principal formations in the neighbourhood 
of I-chang were said to be Paleozoic (probably Carboniferous) 
imestones of great thickness, overlain by brecciated calcareous 

conglomerate and reddish sandstones, which form low hills in 
the immediate vicinity of the city. About fifty miles further 
_ west the limestones pass under a great shale-series with beds of 

oal, the relations of which to the sandstones are not clearly 
ascertained. The copper ore examined by the writer came from 
the shales, which contained films and specks of malachite and 

rysocolla, and in places a siliceous band containing cuprite, 
besides the oxidised minerals, was interstratified in the beds. 

Occasionally larger masses of pure copper ore are found em- 
bedded in the strata. The ground had not been sufficiently 
explored for the value of the deposits to be ascertained.—The 
Cascade Anthracite Coal-field of the Rocky Mountains, Canada, 

by W. Hamilton Merritt, F.G.S. The coal-field named occurs 
in the most eastern valley of the Rocky Mountains, that of the 
Bow River, and, like other coal-fields of the country, consists of 
Cretaceous rocks, which lie in a synclinal trough at an elevation 
of about 4300 feet above the sea. The underlying beds, of 
Lower Carboniferous, or possibly Devonian, age, rise into ranges 
3000 feet higher. Further to the eastward the Jurassic and 

Sretaceous coal contains a large percentage of hygroscopic 
yater and volatile combustible matter, and has the mineral com- 
sition of lignite, The average composition is :— 

i y 

p 

Per cent. 

Fixed carbon... aA 42 

Volatile combustible matter 34 

Hygroscopic water ... co xs 116 

ANS Heiss 6c0 08 a EM) 

100 

.s the mountains are approached, the amount of hygroscopic 
ater is found to diminish by about 1 per cent. for every 10 
iles, and 15 miles from the range the percentage is about 5. 
the foot-hills the lignites pass into a true coal, with 1°63 to 

per cent. of hygroscopic water, and 50 to 63 per cent. of 
ced carbon. In the Cascade River coal-field the average cha- 

er of the coal is that of a semi-anthracite, with the following 
position ;— 
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P_r cent 

Fixed carbon is 8°93 
Volatile combustible matter 10°79 

Hygroscopic water G05 ee fs 

Ash 757 

100°00 

The coal-seams have been subjected to great pressure, andgthe 
change in the quality of the coal appears to be due to metamor- 
phic influence.—On a new Emydine Chelonian from the Plio- 
cene of India, by Mr. R. Lydekker, B.A., F.G.S. The author 
described the shell of an Emydine tortoise from the Siwaliks of 
Perim Island, Gulf of Cambay, which he regarded as decidedly 
distinct from any of the previously described Siwalik species, 
and proposed to refer to the genus C/emmys, with the name: of 
C. watsoni, in compliment to the donor of the specimen.—On 
certain Eocene formations of Western Servia, by Dr. A. B. 
Griffiths, F.R.S.E., F.C.S. Communicated by the President. 
A great thickness of paper-shales containing paraffin occurs near 
the River Golabara ; these extend over 30 square miles of 
country. Smali beds of clay with rock-salt are also found : the 
whole is said to resemble the paraffin and salt districts of Galicia, 
The paraffin shale is free from bituminous impurities. It, con- 
tains :— 

Per cent. 

Paraffin wax : 1°75 

Water of combination 3°02 

Ammonia ... os sae Bs ALK 

The mineral constituents of the shale are :— 
Per cen*. 

Alumina 32°86 

Iron oxide... 520 

Magnesia ... 1°26 

Lime 121 

Potash Pay) 

Soda o'4I 

Silica 56°85 
Loss 0°04 

100°00 

The brown coal of the neighbourhood, whose natural distilla- 

tion has most probably yielded the hydrocarbon in the shales, 
contains :— 

Per cent. 

Carbon eck cir, oD see AG 
Hydrogen ... atc EAL 
Water, combined ... 30°2 

Water, hygroscopic 19°5 

100°00 

The beds containing these coals have been invaded by eruptive 

porphyry and trachytic rocks, of which the former contains 75% 

and the latter 61 per cent. of silica. The clays from which the 

shales were originally formed contain abundance of marine 

Diatomaceze and Foraminifera (chiefly Nummulites), as also 

species of Ostrea, Cyrena, Cerithium, WVoluta, and Nautilus, 

together with the remains of Placoid and Teleostean fishes. 

PARIS 

Academy of Sciences, July 5.—M. Jurien de la Gravitre, 

President, in the chair.—Memoir on the life and works of 

Louis-Francois-Clement Bréguet, Member of the Academy of 

Sciences, born at Paris on December 22, 1804, died October 27, 

1883, by M. de Jonquiéres.—Obituary notice of M. H. Abich, 

Corresponding Member of the Section for Mineralogy, who died 

at Vienna on July 1, 1886, by M. Daubrée.—Preliminary note 

on the principles and method employed in a study on the move- 

ment of the hydro-extractor, about to be presented to the 

Academy, by M. de Jonquiéres.—Experiments on a new 

apparent paradox in hydraulics, by M. A. de Caligny.—Final 

objections to M. de Bussy's formulas on the roll of vessels, by 

M. A. Ledieu. It is pointed out that M. de Bussy’s theo- 

rising is of a purely speculative character, of very little practical 
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utility. After the protracted studies of Froude and Rankine 
in England, published in the Z7yavsactions of the Institution of 
Naval Architects (1861-64), and of MM. Bertin and Bénazé in 
France, the subject may be regarded as exhausted.—On the 
real position to be assigned to the fossil flora of Aix, in 
Provence, by M. G. de Saporta. It is argued against the 
views of M. Fontannes on stratigraphic grounds that the whole 
series of varied and numerous deposits giving birth to the flora 
of Aix, cannot be reduced to the gypsum alone, or to the sec- 
tion of this gypsum contiguous to the beds at Cyrénes. Ina 
further paper it will be shown that the paleontological 
indications are equally opposed to M. Fontanne’s opinion. 
—Note and. photographs of the thunderstorm of May 12, 
1886: spiral form of lightning, by M. Ch. Moussette. 
The photographs taken at Auteuil on this occasion seem 
to indicate a general law that the electrical discharges be- 
tween the clouds and the earth assume the normal form 
of irregular spirals. —Observations of the new planet 259 made 
at the Paris Observatory (equatorial of the West Tower), 
by M. G. Bigourdan.—On the development in series of the 
potential of a homogeneous revolving body, by M. O, Callan- 
dreau. In this paper the author verifies the two formulas of 
Legendre and Laplace relative to the exterior and interior 
points ofa spheroid usually defined by the equation = a(1 + ay). 
—-Memoir on the rowing-vessels of antiquity, by M. Corazzini. 
The author attempts to solve the difficult problems associated 
with the construction of the aves Jonge, and reconstructs the 
Roman polyremes in a manner which seems to harmonise best 
with the monuments and the descriptions of classic writers. —On 
the refraction of carbonic acid and of cyanogen, by MM. J. 
Chappuis and Ch. Riviére. The results of the authors’ 
researches on the refraction of carbonic acid at 21° and up to 
1g atm. are resumed in the formula— 

n — 1 =0'000540f(1 + 0°0076f + 000000504"), 

In which x denotes the index for the ray D, and # the pressure 
In metres of mercury. The refraction of cyanogen has also been 
studied at different temperatures between the pressures of Im. 
and 2m. or 3m. of mercury, the series of experiments relative to 
a determined temperature being resumed in a formula of the 
form 2 — 1 = a(t + 6f).—On the electrical conductivity of the 
mixtures of neutral salts, by M. E. Bouty.—On the decomposi- 
tion of the perchloride of iron by water, by M. G. Foussereau. 
The author had already employed the measure of electric resist- 
ance to determine the nature and proportion of foreign substances 
contained in water and alcohol, and the conditions under which 
these fluids acquire the greatest degree of purity. He now 
applies the same method to the study of the progressive altera- 
tions of fluids, and especially of saline solutions under the influ- 
ence of the dissolvent. The present paper deals specially with 
the perchloride of iron.—Note on a transmitting dynamometer 
with a systemof optical measurement, by M. P. Curie. This appa- 
ratus consists of a horizontal arbor supported by two bearings. 
Two pulleys at the extremities of the arbor serve to transmit 
the motion from the motor to the receiver, and the work done 
is measured during the motion by the torsion of the arbor be- 
tween the two pulleys. —Temperature of the deep waters in the 
Lake of Geneva, by M. F. A. Forel. Ob-ervations taken during 
the years 1879-86 show that at great depths the temperature 
never falls below 4°, and varies normally between 4°°6 and 5°°6. 
From his experiments the author also infers that the heat pene- 
trates to the lower layers mainly through the mechanical inter- 
mingling of the upper with the deep waters under the action of 
the winds. The same explanation, he argues, should be applic- 
able to all lakes and to all seas confined by bars, notably the 
Mediterranean, whose deep waters hive a mean temperature of 
13°.—Absorption spectra of the alkaline chromates and of 
chromic acid, by M. P. Sabatier.—On the heat of transforma- 
tion for vitreous selenium to metallic selenium, by M. Ch. 
Fabre. Vitreous is transformed to metallic selenium by heating 
it to 96° or 97°, the transformation being accompanied by a con- 
siderable development of heat, which is here directly determined 
by means of M. Berthelot’s calorimeter.—Action of vanadic 
acid on the alkaline haloid salts, by M. A. Ditte.—On the 
fluorides of the metalloids, by M. Guntz. By practical tests the 
author has verified his hypothesis that the fluoride of lead is 
decomposable by all the chlorides of the metalloids. With the 
oxychloride of phosphorus the reaction is so regular that it gives 
a convenient process for preparing the oxy fluoride of phosphorus. 

—On the hydrate of baryta, BaO,H,O,, by M. de Forcrand.— { 
A contribution to the study of the alkaloids, by M. CEchsner de — 
Coninck.—Isomery of the camphols and of the camphors, by 
M. Alb. Haller.—Researches on the chemical composition of 
the grease of sheep’s wool, by M. A. Buisine. The grease of 
Australian wool yielded for 100 of dry residuum 71 of acetic 
acid, 4 of propionic acid, 2°6 of benzoic acid, 2°59 of lactic 
acid, 1 of capric acid.—Acidimetric analysis of sulphurous acid, 
by M. Ch. Blarez.—Researches on the development of beetroot ; 
study of the leaf, by M. Aimé Girard. —Comparative studies on 
the influence of the two orders of vaso-motor nerves, on the 
circulation of the lymph, on their mode of action, and on the 
mechanism of lymphatic production, ly M. S. Lewachew.— 
On a process of indirect division by threes of the cellules in 
tumours, by M. V. Cornil.—The house-bug and the seat of its 
fetid secretion: the dorsal abdominal glands of the larva and 
nymph ; the sternal thoracic glands of the adult, by M. J. 
Kiinckel.—On the influence of certain Rhizocephalous parasites 
on the exterior sexual characters of their host, by M. A. Giard. 
—On the circulatory system of the Echinide, by M. R. Keehler. 
—On the seeds of Bondue, and their active principle as a febri- 
fuge, by MM. Ed. Heckel and Fr. Schlagdenhauffen. These 
seeds are supplied by two closely allied exotics: Guélandina 
Bonducella, L. (Cesalpinia Bonducella, Tlem.) and Cesalpinia 
Bonduc, Roxb. Their therapeutic properties are shown to reside 
in the bitter principle, which acts against intermittent fevers as 
efficaciously as the salts of quinine. —On the Triassic system of 
the Eastern Pyrenees, in connection with M. Jacquot’s recent 
communication, by M. A. F. Nogués.—Invertebrate fauna of © 
the Mentone grottoes, Italy, by M. Emile Riviere. In these 
caves the author has discovered 171 species of invertebrates, 
comprising 20 fossil, 125 living marine, and 26 land species, — 
Amongst the living marine species 50 are at once Mediterranean — 
and oceanic, 62 exclusively Mediterranean, and 6 oceanic. 
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HAND-BOOK OF PLANT DISSECTION 

fland-Book of Plant Dissection. By J. C. Arthur, M.Sc., 

Charles R. Barnes, M.A., and John M. Coulter, Ph.D. 

(New York: Henry Holt and Co., 1886.) 

HIS work will take the same place in the botanical 

teaching of the United States as will be occupied 
in this country by the “ Practical Botany” of Messrs. 

“Bower and Vines, when the latter is completed. Both 
are essentially guides to the laboratory instruction which 

now forms the most important part of every efficient 

course of botany. 

The American hand-book differs from its English proto- 
type in two important respects : first, in the fact that it 

begins with the lowest plants, while the English work 
begins with the highest ; and secondly, in its more rigid 
adherence to the type system. Prof. Bower did not limit 

the work entirely to the main types, but frequently intro- 

duced other plants, which happened to be more favour- 

able for the study of particular points of structure. The 

authors of “ Plant Dissection,” on the other hand, give us 

the type, and the type only. Their plan has the advantage 
of simplicity, but several points have to be passed lightly 

over which could have been studied efficiently in plants 

other than the selected types. - On the whole, the more 

elastic method of the “ Practical Botany” seems to us to 

be more satisfactory. Any teacher of botany would 
select Cucurbita for the study of the sieve-tubes, Caltha, 
or some allied plant, for the embryo-sac, and so on; and 

yet these are not plants which would be well suited for 
generally typical examples. 

As regards the other point, whether it is better to begin 

at the upper or lower end of the vegetable kingdom, it 
may perhaps be said that the former is the course better 

adapted for beginners, while the latter has its advantages 
in the case of advanced students. If the learner has no 
previous knowledge of plants at all, it may be difficult to 
rouse his interest in such obscure forms as Oscillaria or 

Cystopus, while the study of some familiar plant, such as 
the sunflower or shepherd’s purse, is much more likely to 
attract him. On the other hand, if some preliminary 
knowledge may be assumed, there will be no objection to 

following the strictly logical course of proceeding from 
the simpler to the more complex. 

The “ Hand-Book of Plant Dissection” begins with a 

short introduction on reagents, section-cutting, &c., and 
then come the types, occupying the bulk of the work. 

They are twelve in number, and have been selected as 
follows: —For the lower Chlorophyceze, Protococcus 

viridis ; for the Cyanophycee, Oscillaria tenuis ; for the 

Conjugate, Spzrogyra guinina; for the Phycomycetes, 

Cystopus candidus ; for the Ascomycetes, MWicrosphera 

Friessi ; for the Liverworts, Marchantia polymorpha ; for 
the Mosses, Atrichum undulatum ; for the Ferns, Adian- 
tum pedatum ; for the Gymnosperms, Pinus sylvestris ; 

for the Monocotyledons, Avena sativa and Trillium 
recurvatum ; and lastly, for the Dicotyledons, Capsella 

Bursa-pastoris. It willbe seen that while one or two of 
these plants are strictly American forms, most of the 
types are cosmopolitan. 

VOL. XXXIV.—No. 873 

It would be easy to criticise the selection in some of 

the cases: thus, “ Protococcus” is not really entitled to 
the first place on the list, for its cells are more highly 
organised than those of the Oscillaria. Pythium shows 

the sexual organs much better than Cystopus, and Micro- 

sphzra is perhaps not so characteristic an Ascomycete as 
might have been found. On the whole, however, the 
types are good ones. 

A few points may be mentioned where there appears to 
us to be room for serious criticism. It is evident from 
the remarks on p. 55 that Sachs’s old classification of the 

Thallophytes is adhered to. Surely after the publication 

of De Bary’s papers in the Botanische Zeitung, in 1881, 
and of Goebel’s “ Grundziige der Systematik,” in 1882, 

there is no excuse for retaining this manifestly artificial 
arrangement. Sachs’s grouping of the Thallophytes by 
their sexual organs alone, without any regard to general 

structure, has been unkindly, but pointedly, compared to 

the sexual system of Linnzus, which is not usually 

reckoned as a natural arrangement. How inexpedient 
the classification in question is for the student is well 
shown in the work before us on the page referred to, 

where the reader is advised to study Nemalion or Batracho- 

spermum in order to understand the fruit of Micro- 

sphzera. Can any one seriously believe that detailed 
homologies can be traced between so isolated a group as 

the red seaweeds and a highly specialised parasitic mem- 
ber of the Ascomycetous Fungi ? 

Going on to the chapter on the Liverwort, the foot- 
note on p. 75 seems likely to confuse rather than to 
enlighten the student. The archegonia are of called 
sporogonia after fertilisation by any one who wishes to 

keep the distinction between the sexual and asexual 
generations clear in the mind of the learner. The sporo- 

gonium arises from the oosphere only ; the archegonium, 

as distinguished from the oosphere, takes no part in its 
formation. 

In the same chapter a statement on p. 82 that ‘‘the 
antheridia are modified hairs” demands notice. This is 
a bad example of old-fashioned morphology. The 
antheridia of the Liverworts are modified successors of 
the antheridia of the lower plants. The ancestors of 

highly organised plants like Marchantia must have long 

possessed sexual organs, probably at least as long as 

they have possessed “trichomes.” The same mistake 
reappears on p. 120 in the description of the fern, when 
the “trichomes” are said to appear “in the form of 

sporangia.” Either this is merely a roundabout way of 

stating that the sporangia are of epidermal origin, or 
else it means that these reproductive organs are actually 
due to the modification of hairs. The latter view will 
hardly commend itself to any one who realises that the 

spores of the fern are homologous with those of the 
Muscinez. 

A repetition of the same confusion of ideas on p. 125 
need not be further noticed. 

In the account of the anatomy of the leaf of Pinus 

there is an error as to a simple matter of fact which 
ought to be corrected. On p. 154, @ and e, the thin- 

walled cells of the mesophyll, are said to be empty, while 
those with bordered pits are described as having “more 

or less conspicuous contents.” This is just the reverse of 
the truth. The thin-walled cells have protoplasmic con- 

N 
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tents throughout life, while the tracheides with bordered 
pits (transfusion tissue) contain, in the mature condition, 

nothing but water. 
On p. 164 the statement that there is finally “free 

communication” between the contiguous tracheides of 
the wood of Pinus is erroneous. The pits are closed, at 

any rate as long as the wood serves its main function of 

conveying the sap. 
At p. 171, in the same chapter, there is a repetition of 

Hofmeister’s old mistake as to the deliquescence of the 
original cell-walls of the endosperm in the Conifers. 
Strasburger showed in his ‘“‘ Angiospermen und Gymno- 
spermen,” that this idea was due to Hofmeister having 

confused the disorganised cells of the nucellus with those 

of the endosperm. The Conifers have one and the same 
endosperm throughout the development of the ovule : 
there is no distinction of “primary and secondary” 

endosperm. 
Judging from the footnote on p. 209, there seems to be 

some confusion between the xylem and the bundle-sheath 

in Trillium. 
It is to be regretted that the student is not shown how 

to investigate the minute structure of the angiospermous 

embryo-sac when ready for fertilisation. 
In spite of the rather serious faults noticed, the book 

on the whole is a good and useful one. De HES. 

MR. MERRIFIELD’S “TREATISE ON 

NAUTICAL ASTRONOMY” 

A Treatise on Nautical Astronomy for the Use of 
Students. By John Merrifield, LL.D., F.R.A.S. 
(London ; Sampson Low, Marston, Searle, and Riving- 

ton, 1886.) 

“THIS is an excellent work for the student, evidently 
compiled with considerable care, which may also 

be consulted with advantage by the seaman. Of course 

the author does not claim originality, excepting in one 

particular, viz. a method of his own for “clearing the 
lunar distance,” as, in point of fact, nearly everything the 

work contains has been published in previous treatises, 
Mr. Merrifield deserves, however, the credit of placing 
clearly before the student many points which are only 
touched on by other writers—-notably the account of the 
correction for refraction, and the explanation of the fact 

that the maximum altitude is not invariably the meridian 

altitude, a point which is only touched on by a footnote 
in Raper, and is usually ignored entirely; yet which is of 
considerable importance in the case of the moon. The 

examples, also, which are given at the end of each chapter 
are of great use to the student, as from them a knowledge 
is obtained of the subjects he is likely to be examined in, 

and as these questions have been selected from many 
examination papers, they are an excellent guide. In the 
theoretical part of nautical astronomy the book is nearly 
all that can be desired, and this part can always be learnt 
better on shore than in a ship, where the constant noise 

and interruption, together with perpetual motion at sea, 
renders study all but impracticable : in one or two cases, 
however, Mr. Merrifield also touches on the practical use 
of instruments, &c., and on these subjects he is naturally 
not so good an authority. It may perhaps, therefore, be 

advisable to point out the usual course of proceedings in 
Her Majesty’s surveying-vessels, both in correcting in- 

struments and also in ascertaining positions at sea. 
First, with regard to the sextant, the error of collima- 

tion is not readily obtained, as stars only are available, 

and there are no means of illuminating the wires in the 

telescope, so that a bright moonlight night is requisite. 
Secondly, with respect to the errors of centering and 
graduation, Mr. Merrifield suggests that the combined 
error should be ascertained by means of measuring the 
distance between several pairs of stars by the instruments, 
the correct distances having been previously calculated. 

But here the varying nature of the refraction prevents 
good results, and a better method is to measure the dis- 
tances both by the sextant and by the repeating circle, as 

in the latter instrument all errors are eliminated. 
In the account of the artificial horizon Mr. Merrifield 

says that “it is used for taking altitudes when the sea 

horizon is obscured,” being apparently under the impres- 
sion that it can be used on board a vessel. Were such 

the case, it would often relieve the mind of many an 
anxious navigator, but, unfortunately, the constant motion 

of a ship altogether precludes its use at sea; it is true 

that the late Capt. Becher, R.N., invented a method of 

observing altitudes at sea, in foggy weather, by attaching 
a small pendulum, suspended in oil, outside the horizon- 
glass of a sextant ; to this a horizontal arm was fastened 
which carried at its inner end a slip of metal showing the 
true horizon when seen in a certain position; but this 
did not prove a success, and is now almost forgotten ; 

and there is nothing to trust to but the compass and log 
when the horizon is obscured. ‘The true use of the arti- 

ficial horizon is to obtain observations on shore, and the 
sea horizon should never be used then. The best artificial 
horizon is a trough filled with mercury, covered with a 

glass roof, but this cannot be used in the extreme cold of 
the Arctic regions, and consequently there a plate of 
dark glass is substituted, which is adjusted by spirit 
levels. The error of the artificial horizon is due to two 
causes, first the imperfections in the glass roof, which, as 

Mr. Merrifield remarks, may be guarded against by 

reversing the roof ; and secondly, owing to the attraction of 
mountain masses causing the mercury to depart from the 

true level. Could some means be found which would 
enable the seaman to take observations, in a vessel, inde- 

pendently of the sea horizon, it would be the most useful 
nautical discovery of the age, but this is not to be effected, 

as Mr. Merrifield suggests, by mounting the artificial 
horizon on gimbals, for even if the ship were in herself 
rigid, the motion at sea would preclude the possi- 

bility of obtaining observations, as the position of the 
observers could not be changed with sufficient rapidity to 
suit the ever-varying angle of reflection from the horizon, 
with respect to the observer on the deck ; and Mr. Merri- 
field’s own experiences of the difficulties of obtaining ob- 
servations from the roof of a quiet house must have 
taught him that it would be much more difficult in a 

vessel which is constantly vibrating from the motion of 
the engines or other disturbing causes. The idea of 

placing a piece of glass on the mercury to still its vibra- 
tions, was some years ago promulgated by the late Staff- 

Commander George, attached to the Geographical So- 

ciety, who invented a very useful little artificial horizon 

PR a Boag a 



DD) =, Fuly 1886 | 

for the benefit of travellers, in which the floating glass 

was part of the plan. 
In obtaining the position of a ship at sea the difficulty 

is to get observations both for latitude and longitude at 
the same time, as all other observations depend on the 
distance covered by the vessel in the time which has elapsed 
between the observations. Now, as this distance depends 
not only on the direction and rate of the vessel through 
the water, but also on the direction and rate at which the 

water itself is moving, and as this latter element in the 

calculations cannot be ascertained with precision, it 

follows that all observations at sea which depend on the 
ship’s run in the interval have an element of uncertainty. 
The best time to obtain simultaneous observations for 
latitude and longitude is at twilight, morning and evening, 

as then the horizon is clear, and, unless the weather is 

very cloudy, some stars can be seen. Here Sumner’s 

method is invaluable, as three or more stars can be 

utilised and the correctness of the result guaranteed, pro- 
vided, of course, that the chronometer is correct. In the 
day-time the only chance to obtain simultaneous observa- 
tions is when the sun and moon are both visible, or when 

Jupiter, or Venus, happen to pass the meridian at an 

interval of over 23 hours from noon, as then, in bright 

weather, their meridian altitudes can be obtained by a 
practised observer with a good sextant. 
One of the difficulties in obtaining good results at sea 

is owing to the varying nature of the refraction, more 
especially close to the horizon. This may be guarded 
against in the case of the meridian altitude of the sun by 
observing, when practicable, its altitude with the north 

and south horizons. To show the closeness of the results 
ascertained in this manner, it is only necessary to observe 

that H.M.S. 77z¢on, when fixing the position of the Ower 
and Lemon light-vessel on the east coast of England in 
1884, obtained the latitude on four different days, the 

results being as follows :— 

ia 25 Lat. 53 z 56 X. 
uly 9 on 33 oN. 

July 1 » 537 54N. 
July 12 pp ish 7 BYP IN 

an extreme range of 6”, or 600 feet, in the latitude. Such 

a close accordance shows the value of this method, which 

is recommended by Raper. 
As regards obtaining the longitude by lunar distances, 

this has been gradually falling into desuetude owing to 

the quicker passages made by vessels and to the cheap- 
ness of chronometers. There can, however, be no doubt 

of its utility, as it is the only good way of obtaining the 
position of the ship at sea should any accident happen to 
the chronometers, and it is to be regretted that it is so 
seldom practised, particularly when we remember the 
excellent results obtained by the older navigators, es- 

pecially by Cook. For the actual observation the 

repeating circle is a far better instrument than the sex- 
tant, as by it the distance between the sun and moon is 

observed with much greater accuracy, a matter of the 

utmost importance when we remember that an error of 

_ one minute in the distance makes an error of twenty-five 
miles of longitude under the most favourable circum- 
stances. It is therefore evident that this observation 

requires to be made with the utmost care and that con- 
stant practice is necessary to obtain good results. 
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In the problem of obtaining the true bearing of a ter- 
restrial object from a ship at sea, Mr. Merrifield has 
omitted the correction of the angular distance due to the 
height of the object: this is probably an accidental omis- 
sion, but although it does not usually amount to much, it 

is desirable the student should be acquainted with it. 

LETTERS TO THE EDITOR 

(The Editor does not hold himself responsible for opinions ex 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice ts taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space ts so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Laws of Solution 

IN my paper on ‘‘ Chemical Affinity and Solution,” published 
in NATURE, vol. xxxili. p. 615, I gave some general proofs 
(taken from Thomsen’s researches on thermo-chemistry) of the 
truth of my theory of solution. I shall now show that there are 

| certain well-marked and definite laws of solution which are in 
complete accord with that theory, and seem to me to place it 
beyond doubt. In all chlorides, bromides, iodides, sulphates, 
and nitrates, for which data are available, the heats of solution 
in water vary directly— 

(1) As the affinity (measured by heat of combination) of the 
positive element of the salt for O varies ; 

(2) As the affinity (measured by heat of combination) of the 
negative element or radicle of the salt for H varies ; 

And znversely— 

As the affinity (measured as above) between the positive and 
negative elements of the salt varies. 

The following examples will make this plain :— 

Heat of : Heat of 
Compound combination Difference solution of Difference 

Bs chloride 

[Mg,Cl, I51010 = 35920 — 
[Mg, 0, Aq] 148960 2350 —- — 

[Ca,Cl,] 169820 — 17410 + 18510 

[Ca,O, Aq] 149260 20560 — — 

— 18510 — +18510 

[Ca,Cl,] 169820 — 17410 a 
[Ca,O, Aq] 149260 20560 — — 

[Sr, Cl, ] 184550 — 11140 +6270 

[Sr,O, Aq] 157780 26770 — 

— 6210 — +6270 

[SrCl,] 184550 — II140 = 
[Sr,0,Aq] 157780 26770 — — 
[Ba,Cl,] 194740 _— 2070 +9070 

[Ba,O, Aq] 158760 35980 — -- 

-— 9210 — +9070 

Similar results are obtained if we substitute the alkali metals 
for above, but there is a variation in the case of metals which 
form insoluble oxides or hydrates. In the latter case the heats 
of solution are not so great as they should be if compared with 
above compounds. Among themselves, however, they follow 
the laws pretty closely, and seem arranged in groups. Thus, 
ZnCl, and CdCl,, FeCl,, CoCl,, and NiCl, form two such 
groups. 

The foregoing examples illustrate the effect of the change of 
the positive element of the salt on the heat of solution. Now 
let us change the negative element and we shall see the same 
result. 
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: Heat of “ee Heat of ans Compound Heat of formation Compound Heat of formation 
ae paras as Difference Solution Difference [H,Cl, Aq] 30315 [H,Cl, Aq] 30315 

[K, Cl] 105610 — — 4440 = [H, Br, Aq] 28380 [H,1, Aq] 13170 
[H,Cl,Aq] _ 39315 66295 ae s ae Sno 

[K, Br] 95310 —_— _—5080 +640 Difference 10935 Difference 26245 

[H, Br, Aq] 28380 66939 — _ K],Cl,Aq] IOLI7O [K,Cl, Aq] IOII7O 
sotiite 3 [K, Br, Aq] 90230 [K,1,Aq] 75040 

—635 +640 Difference 10940 Difference 26130 

[K, Br] 95310 fickas — 5080 = Now the reason of this is perfectly obvious in the light of the 
[H,Br,Aq] _ 28380 66930 = — laws of solution. Any variation from the above differences in 
[K,1] 80130 — —5I1IO +30 the heat of formation of the undissolved salt is at once counter- 
[H,1, Aq] 13170 66960 = = balanced by the heat of solution, which varies inversely. 

cll Thus :— 
Heat Heat . 

=30 +30 Compound of formation of eaten aor 

(H,Cl] 22000 17315 39315 
These relations obtain for the haloid salts of all the metals (H, Br] 8440 19940 28380 

for which data were available for comparison. The only excep- —o 
tion is AuCl, and AuBr,, the difference of heats of solution of Difference 13560 — 2625 10935 
these salts being too great according to the foregoing laws. They [Na,Cl] 7690 ese 96510 
are apparently proportional, however. [Na, Br] 3 ree Dea Bcz80 

There is another way of showing these laws and also of show- ? 577° os 55 
ing the conditions which determine the absolute amount of heat of = = 
solution, whether positive or negative. If we take the sum of the Difference Lye) yee) eo 
heats of formation of any salt and of water on the one hand, and 
on the other, instead of measuring the heat of solution directly, 
take the sum of the heats of formation of the oxide, of the acid 
and of neutralisation, we shall find that the heat of solution is 
the difference of these sums—positive when the latter sum is the 
greater, and negative when it is the less. This exhibits in a 
striking manner the relations of the various affinities to solution, 
and is very suggestive when we consider that the heat of solu- 
tion regularly increases with the heat of formation of [M,O, Aq], 
and when the heat of [MO]>[M,Cl,], decomposition of water 
takes place. Consider the following examples :— 

Compound Sontieanie Compound Bereon 

[Mg,OAq] 148960 [Mg,Cl,] 151010 
[2H,Cl, Aq] 78630 [H,O] 68360 
Neutr. 27690 

255280 219370 
219370 

Difference 35910 = Heat of solution. 

[Sr,O, Aq] 157780 [Sr,S, Oy] 330900 
[H2,8,0,,Aq] 210770 [H2,0] 68360 
Neutr. 30710 

399260 399260 
399260 

Difference o=Heat of solution. Salt insoluble. 

[k.,0, Aq] 164560 [K,,N,0¢] 242970 
[H,,N.,O,,Aq] 102190 [H,,0] 68360 

- Neutr. 27540 

294290 311330 
311330 

Difference — 17040 = Heat of solution. 

The above illustrate the cases of positive, negative, and zero 
heats of solution. These relations obtain with all salts, whether 
the oxide is soluble or not. The only discrepancy I found was 
in the case of silver chloride, which showed a slight negative 
heat of solution ; but as its affinity for O is excessively small, it 
is not surprising it should be an abnormal case. 

These laws of solution explain and are illustrated by many 
cases of constant differences in the heats of formation of similar 
compounds in water. Thusit has been pointed out in Muir and 
Wilson’s ‘‘ Thermo-Chemistry”’ that between the heats of for- 
mation of soluble chlorides, bromides, and iodides in water, there 
is a constant difference, no matter what the positive element is. 
For example, consider the following cases :— from N.W. 

and so on in other cases. Wo. DuRHAM 

Ice on the Moon’s Surface 

In May 1884 Mr. Peal, of Sibsagar, in Assam, who has 
studied the moon’s surface with great attention, sent me a paper 
in which he maintained views closely resembling those of Capt. 
Ericsson (NATURE, p. 248) on the glacial origin of the lunar 
craters. In my answer I suggested that it was difficult to admit 
the existence of ice on the moon’s surface, without a layer of 
water vapour over it, and that the telescope proves that if such 
vapour exists it is only in extraordinarily small quantities. It 
seems due to Mr. Peal, who was undoubtedly ignorant of Capt. 
Ericsson’s paper of 1869, to draw attention to the correspond- 
ence. Jam not sure whether the paper has been yet published. 

Cambridge, July 17 G. H. Darwin 

Luminous Clouds 

I AM not sure of the date, but believe it was in June 1885 
that I called attention in your journal to a strange effect of bright 
silvery lighted ciouds, which remained visible in the north-west 
sky after sunset until nearly 11 p.m. Several times this summer 
I have noted repetitions of these same curiously lighted cloud- 
forms, but have never seen such a wonderful display of this 
‘*after-sheen ” as that of this evening, July 12. 

The day from 11 a.m. until 6 p.m. had been wet, followed by 
a clear-up toward sundown, with a warm orange-coloured sunset 
near the horizon; above this, and extending nearly to the 
zenith, lay masses of brilliant and, one would almost say, self- 
illuminated cloud-ripples looking like an inverted sea of frosted 
silver or mother-of-pearl. 

There was a strongly-marked focus in the light above the 
place of the sun, but it extended far beyond that both north and 
west. The vapour forming these cloud-waves, and which re- 
ceived this intense white light, must, I think, have been at a 
great elevation, for though all the lower vapour near the horizon 
retained its usual orange glow long after sunset, there was never 
any indication of colour upon these clouds from the beginning 
of the effect, about 7.30 p.m., until it disappeared soon after 
10 p.m. The moon, which was in the southern part of the sky, 
looked quite warm in colour when contrasted with the almost 
bluish-white glare upon this vapour. Rost, C, LESLIE 

Moira Place, Southampton, July 12 

THE luminous night clouds seen here on the 22nd ult. 
(NATURE, July 1, p. 192) have recurred, with a very remarkable 
development on the night of the 8th inst. 

The sketches illustrate phases one hour apart from midnight 
to 2a.m. ; the last made solely by ‘‘cloud-light” in a window 
with northern aspect! The long luminous belt began to form at 
11.30 p.m., fading out at 2,.30a.m. It extended obliquely from 
N. 10° W. to N. 30° E. in the wind’s direction, which was light 

Temperature subsequently fell. . 
Treo: 



Fuly 22, 1886] NATURE 205 

Last night (9th inst.) the upper northern sky was obscured 
with cumulous cloud, but in a clear space above the horizon, 
from N. to N.E., a belt of cloud resembling that of the previous 
night extended obliquely. In this case the belt was dark ; but 
beneath, and apparently descending from it, bright luminous 
patches formed of a golden lustre at midnight, and faded out at 
1.30a.m. Wind again from N.W., light. Temperature cool 
for season. 

Examined with a good field-glass, these cloudlets present the 
usual cirrous type in all but singular luminosity, and little (if any) 
of the aurora. - D. J. Rowan 

Dundrum, co. Dublin, July 1o 

Animal Intelligence 

A REMARKABLE instance of animal intelligence has lately 
come under my notice, which I venture to relate as being pos- 
sibly of interest to the readers of NaTuRE. In a neighbour's 
bungalow in this district two of our common house-swallows 
(Airundo javanica) built their nest, selecting as their site for the 
purpose the top of a hanging lamp that hangs in the dining- 
room. As the lamp is either raised or depressed by chains 
fixed to a central counter-weight, these chains pass over pulleys 
fixed to a metal disk above, on which the nest was placed. 
The swallows evidently saw that, if the pulleys were covered 
with mud, moving the lamp either up or down would de- 
stroy the nest; so to avoid this natural result they built over 
each pulley a little dome, allowing sufficient space, both for 
wheel and chain to pass in the hollow so constructed, without 
danger tothe nest, which was not only fully constructed, but the 
young birds were reared without further danger. This is, in 
my opinion, a wonderful example of adaptation to environment, 
and showing a step far beyond what may be contended as instinct 
only. 

I may here add another curious case which seems to point to 
another branch of reasoning. During the dry weather I have 
been constantly annoyed by wasps building up with mud key- 
holes, sometimes keys, blank cartridge cases, and even in one 
case a fen-holder. As I did not care to have my gun charged 
with young wasps, I used to empty out any cartridge case which 
I found closed up with mud, but one cartridge-case in particular 
I noticed had been selected. This one I had left on my office 
table, and each time the wasp closed it un I drew the charge 
of mud and ‘‘grubs,” &c. ; but as frequently the wasp closed it 
up again. I may here mention that the wasp used to deposit 
the egg, and several small grubs in a cell, close over the top, and 
repeat the operation again till the cartridge was full, when the 
mouth would be pasted over with a lid of mud. As I repeat- 
edly knocked out the grub and mud, it appears the wasp started 
a fresh plan. I noticed somewhat to my surprise that the 
mouth of a cartridge I had but a few hours before emptied was 
pasted over, so I thought it would be interesting to see how 
many grubs the wasp had secured in so short atime. I there- 
fore removed the fresh lid, that was still damp, and discovered 
nothing inside! Iam unable to say if this was done to direct 
my attention to one particular cartridge case or not, while another 
spot was being used, but I am inclined to believe such to have 
been the case, for later I noticed a gap made between two 
bundles of letters in one of my pigeon-holes, well built up with 
mud, and, of course, as well packed with grubs. 

Ballangoda, Ceylon, June 14 FREDERICK LEWIS 

Deafness and Signs 

In my studies with regard to the sign-languages I have, like 
others, turned some attention to cases of deafness. In such 
cases the use of signs, not the finger alphabet, but natural or 
conventional signs, such as are used by Indians or by deaf-mutes 
of themselves, have appeared to me to give particular satisfac- 
tion to the sufferer. The nervousness attendant upon attempt- 
ing to make out what is said being avoided, the relief is very 
great, and more attention is given to what is spoken. Of course 
such aid to those untrained is but partial, and English people 
accustomed solely to the use of speech are rather unapt, but 
nevertheless signs are valuable auxiliaries, and will be found 
worth trying. Individuals vary in their capability, but inasmuch 
as many children pass through a period of sign-language, there 
will be many cases of adaptability. Whoever has watched deaf- 
mutes conversing, without the finger alphabet or without lip- 
reading, will recognise the satisfaction they receive from their | 

intercourse by signs. My only object is to call attention to 
what has been found by experience to be an acceptable help, 
and which may be extended in its application. 

HYDE CLARKE 

The Duration of Germ-Life in Water 

A RECENT announcement by Messrs. Crookes, Odling, and 
Tidy, that Bacillus anthracis in water approximately devoid of 
nutrient material after ‘‘a few hours” loses its power to multiply 
in suitable culture-media, induces me to send you a note of my 
own results in the same domain. 
My observations were commenced in 1877, but were shortly 
os suspended and not resumed in earnest until May 
1885. 

So far I have worked only with the various forms of organ- 
isms which chanced to be present in the water—usually distilled 
—employed. Fora preliminary investigation I regard this as 
preferable to operating on pure cultures ; one is more likely to 
be concerned with organisms of aqueous habitat naturally, and 
one sees which kinds predominate from time to time, and which 
survive. 

In dealing with an indefinite variety of micro organisms it is 
necessary, of course, to be extremely rigid in one’s precautions to 
guard against intrusion of foreign germs, an intrusion which 
cannot be detected as in the case of pure cultures. On this 
account I abandoned my original sodas oferandi—it was almost 
identical with that of Mr. Crookes and his colleagues—and 
adopted the arrangement of tubes described and figured in a 
paper by Mr. Blunt and myself in Proc. Roy. Soc., vol. xxviii. 
p. 202. 

Of a series of such tubes containing distilled water, originally 
rich in germ-life, kept at a temperature varying from 18° C. to 
21° C., and examined at intervals from May 2, 1885, down to 
now, I find that in every one micro-organisms have sooner or 
later developed on the addition of the nutrient material. 

Each tube is a microcosm, and it has been most interesting to 
observe how, as elsewhere, as time went on, the first dominant 
form has grown more and more feeble, until it seems to have 
become extinct, and is now succeeded by races of quite different 
kind. Whether the new order will yet give place to others re- 
mains to be seen, I can at any rate say confidently that _micro- 
organisms vary greatly in the duration of their life in distilled 
water, and that some forms may survive for at least fourteen 
months in that medium at an ordinary temperature. 

Chelmsford, July 19 ARTHUR DOWNES 

The Bagshot Beds 

In reply to the letter from Mr. Irving in NaTuRE of July 8 
(p. 217), I beg to state that a mere abstract of the paper on the 
Bagshot Beds by Mr. Herries and myself was read at the meet- 
ing of the Geological Society on June 9, on which occasion Mr. 
Irving was not present; that the report of our remarks in 
Nature of July t (p. 210) only purports to give the conclu- 
sions at which we arrive, and not the evidence by which they 
are supported. We trust therefore that your readers will reserve 
their judgment until the entire paper is published. 

Horace W. MONCKTON 
1, Hare Court, Temple, July 17 

A Lubricant for Brass Work 

Many besides myself have probably been inconvenienced by 
the corrosive action of ordinary lubricants—lard, grease, &c,— 
upon brass and copper, which causes the plugs of stop-cocks to 
leak or get fixed in their places, and does much damage to air- 
pump plates. 

Melted india-rubber answers fairly, but it has too little 
“‘body,” and too much glutinosity ; moreover, it does, un- 
doubtedly, in course of time, harden into a brittle, resinous 
substance. Vaseline is quite without action on brass, and never 
hardens ; but it has not sufficient tenacity and adhesiveness. 

A mixture of two parts by weight of vaseline (the common 
thick brown kind) and one part of melted india-rubber seems to 
combine the good qualities of both without the drawbacks of 
either. 

The india-rubber should, of course, be pure (not vulcanised), 
and should be cut up into shreds and melted at the lowest 
possible temperature in an iron cup, being constantly pressed 
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down against the hot surface and stirred until a uniform glutinous 
mass is obtained. 
added, and the whole thoroughly stirred together. 

This may be left on an air-pump plate for at any rate a couple 
of years without perceptible alteration either in itself or the 
brass. H. G. MApan 

Eton College 

Butterflies’ Wings 

CAN you inform me of any method of relaxing the wings of 
butterflies allowed to stiffen in the closed state ? 

Stretford, Manchester, July 1 JaM. B. 

[If the butterflies are laid on damp sand under cover of a bell- 
glass or other air-tight covering they will soon relax so as to be 
fit for setting-out. A drop or two of carbolic acid on a sponge 
should be placed with them in order to prevent mouldiness. 
—Ep.] 

NOTE ON THE ALSORPTION SPECTRUM OF 
DIDYMIUM 

[x a paper on “ Radiant Matter Spectroscopy ” (Part 2, 
Samarium),! I said that in fractionation of the didy- 

mium earths with ammonia—‘ After a time a balance 
seemed to be established between the affinities at work, 
when the earths would appear in the same proportion in 
the precipitate and in the solution. At this stage they 
were thrown down by ammonia, and the precipitated 
earths set aside to be worked up by the fusion of their 
anhydrous nitrates so as to alter the ratio between them, 
when fractionation by ammonia could be again em- 
ployed.” 

That in most methods of fractionation a rough sort of 
balance of affinities beyond which further separation by 
the same method is difficult, appears to be a general rule, 
I have long noticed this action when fractionating with 
ammonia, with oxalic and nitric acids, and with formic acid. 
The valuable point which renders this fact noteworthy is 
that the balance of affinities revealed by fractionation is 
not the same with each method. It was in consequence 
of the experience gained in these different methods of frac- 
tionation that I wrote in my paper read before the Royal 
Society, June 10 last (Chemécal News, vol. liv. p. 13), after 
saying that I had not been able to separate didymium into 
Dr. Auer’s two earths, “ probably didymium will be found 
to split up in more than one direction according to the 
method adopted.” 

In illustration of this I may mention that, although I 
have not split up didymium into the two earths, or groups 
of earths, which are described by Dr. Auer, other pro- 
cesses of fractionation give me, so to speak, other cleavage 
planes or lines of scission through the compound molecule 
didymium. 

According to Dr. Auer, a line in the well-known yellow 
band, close to the soda line, but less refrangible (w.1. 
about 579), is a component of the absorption-spectrum 
of neodymium, and therefore, under all conditions, its 
intensity should follow the same variations as the other 
bands of neodymium in the blue (wave-lengths 482, 460, 
444). Some of my didymium fractions, however, show 
that the line 579 does not follow the same law as the 
other bands I have named. Thus, ina rather low frac- 
tion (+ 6) of the didymium earths from gadolinite and 
samarskite I found that the neodymium line 579 was of 
the same degree of blackness as the adjacent praseody- 
mium line in the yellow (wave-length about 571), but the 
bands in the blue of neodymium had almost disappeared. 
In the adjacent fractions of didymium I was enabled, by 
appropriate dilution, to keep this set of bands in the yel- 
low as a standard, of exactly the same intensity ; it was 
now seen that in successive fractions the intensities of 
the other more refrangible lines belonging both to neo- 

* Phil. Trans., Part 2, 1885, p. 705. A reprint of this paper is also com- 
menced in No. 1390 of the Chemical News, p. 28. 

Then the proper weight of vaseline should be | 
and praseodymium varied greatly from strong to almost 
obliteration, the bands in the yellow always being kept of 

| the same intensity. 
Didymium prepared from a specimen of fluocerite dif- 

fered somewhat from the other didymiums. Here the 
band 579 (ascribed to neodymium) was very strong, the 
band in the yellow of praseodymium (571) slightly weaker, 
and the bands in the blue of neodymium (482, 469, and 444) 
easily visible. On diluting the solution the bands in the 
blue of neodymium and the one component-of praseody- 
mium in the yellow (571) appeared to follow the same law 
in becoming fainter and fainter with dilution, whilst the 
other component band in the yellow of neodymium (579) 
remained unaffected. 

It seems to me that a possible explanation of this 
variation might be founded on the great strength of the 
bands in the yellow, and that the two fractions of didymium 
then under examination might differ only in the fact that 
one was slightly stronger than the other. To test this 
hypothesis I took the two fractions first experimented on, 
and putting each into a wedge-shaped cell of glass viewed 
them together in the spectroscope. (1) I adjusted the 
wedges so that the group in the yellow appeared to be of 
the same intensity in each spectrum. On examining other 
parts of the spectrum it was seen that in one solution the 
bands in the green were tolerably strong, and the bands in 
the blue scarcely visible, whilst in the other solution the 
bands in the green were very faint, and those in the blue 
quite absent. (2) The position of the wedges was ad- 
justed so that the bands in the green in each case should 
be of equalintensities. It was now seen that the alteration 
had greatly upset the balance of the bands in the yellow, 
the solution in which the bands in the green were faintest 
before, now having much stronger yellow bands than the 
other. The explanation mentioned above therefore falls 
through, and I see no other way of accounting for the facts 
except in the supposition that by the mode of fractionation 
then adopted, didymium had split up in a different manner 
to what it would have done if the method of Dr. Auer had 
been followed. 

The colour of the different fractions of didymium nitrate 
varies from a dark rose-red at the more basic end (+ 17) 
to amber at the less basic end (+ 4). These variations in 
colour do not necessarily accompany a difference in the 
absorption-bands, for in one instance an amber and a rose- 
coloured salt were found to have almost identical spectra. 

It would almost appear from these experiments, coupled 
with the facts I brought forward in last week’s Chemical 
News (p. 14), that the “one band, one element” theory 
I lately advanced in connection with the phosphorescent 
spectrum of yttrium, mav probably hold good in the case 
of the group of elements forming absorption spectra. 
According to this hypothesis, therefore, neodymium and 
praseodymium must not be considered as actual chemical 
elements, but only the names given to two groups of 
molecules into which the complex molecule didymium 
splits up by one particular method of fractionation. 

WILLIAM CROOKES 

HEATING AND COOKING BY GAS 

a FEW years ago the public was led to believe that 
= the use of coal-gas for lighting purposes was on its 
trial, and must shortly give way to the electric light. 
Threatened institutions live long, and even if coal-gas is 
destined to be eventually superseded by electricity for 
lighting purposes, a useful future is now opening out for 
it as a fuel offering many advantages over coal for 
domestic heating and cooking. In these fields it may 
possibly occur in the future that coal-gas—unless the price 
is everywhere considerably reduced—will have to 
encounter rivals such as the petroleum oils on the score 
of their cheapness, but at present, coal-gas, for cooking 
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and heating purposes, offers many facilities and advant- 
ages over any other kind of fuel. 

Gas Cooking Stoves.—Those who remember the gas 
cooking stoves which were offered to the public even a 
few years ago, will acknowledge that the modern stoves 
now manufactured have reached a very high degree of 
perfection. In nearly all the larger kinds of stove in- 
tended for a family of six or more persons, the sides and 
top of the oven are constructed of double walls, and 
packed with a non-conducting fire-proof material— 
generally slag wool—so that but little heat escapes from 
the exterior of the stove to be lost by radiation; the 
internal surfaces of the stoves are usually enamelled, and 
are thus preserved from rust and decay, and easily kept 
clean, and in addition in some ovens, the racks for 
suspending the grids from which the meat is hung, slide 
out or turn out on a hinge, and are thus more easily 
cleaned than when fixed in the oven. On the tops of the 
stoves are placed burners for boiling kettles and sauce- 
pans, and for stewing, and an invertible burner is some- 
times added, which can be rotated so as to bring the 
flame underneath when it is intended to grill. The 
following points may be enumerated as those in which 
cooking by gas possesses decided advantages over the 
ordinary kitchen range :—(1) There are no dust or 
cinders, and the whole process is more cleanly ; (2) in 
some of the best stoves the oven can be heated up toa 
high temperature—sufficient for making pastry—in a few 
minutes only after the gas is lighted ; (3) the different 
degrees of heat necessary for cooking various articles can 
be easily attained by limiting or increasing the supply of 
gas to the oven burners, or by increasing or diminishing 
the ventilation of the oven by opening or closing the 
flue-valve ; and this is a point which good cooks will 
especially appreciate. 

The principal arguments adduced by the opponents of 
gas cooking may be stated to be:—(1) That the cost is 
greater ; (2) that joints of meat baked in gas ovens smell 
or taste of gas; (3) that the fumes and smell of cooking 
are more perceptible from gas ovens than from ordinary 
kitchen ranges ; (4) that there is no supply of hot water 
with a gas oven ; (5) that the gas stove does not warm the 
kitchen. We will now proceed to consider these objec- 
tions seréatine. 

(1) Although there can be no doubt that more heat is 
obtained from coal by burning the same value than from 
gas, still if attention is paid to the stove, and the gas is 
turned off as soon as the cooking is finished, for ordinary 
sized households the difference in cost between cooking 
by gas and cooking by coal is hardly appreciable. 

(2) We may class gas ovens as of two kinds, A and B. 
In A, rings or rows of burners are placed at the bottom 
of the oven, and the air of the oven is heated up, this heated 
air and the products of combustion of the gas passing over 
and baking the meat. The burners used are usually those 
which give a luminous flame, for the reason that the 
luminous flame, although not itself of so high a 
temperature as the non-luminous flame from the 
atmospheric burner, yet radiates more heat. This 
greater radiation of heat is, like the luminosity, 
due to the separation of solid particles of carbon in the 
flame which become incandescent. Thus we see that the 
luminous flame radiates more heat to the air of the oven 
than the non-luminous. But it is in this class of oven 
especially that the baked meat smells or tastes of gas, as 
it is lable to become sodden with the steam and other 
products of combustion of the gas jets which pass over it, 
and no amount of ventilation of the oven will entirely cure 
this defect. Inthe other class of ovens, B, the burners are 
placed in rows at the bottom and along the sides of the 
oven walls. The oven walls are heated by the flames, 
and when hot radiate the heat to the joint of meat, which 
is thus baked by radiant heat as well as by hot air. The 

the oven and escape by the flue at the back without 
contaminating the meat. Atmospheric burners are 
almost invariably used in this class of oven, because the 
non-luminous flame is hotter than the luminous, and more 
quickly heats the oven wall, although less heat is radiated 
from the flame itself. The atmospheric burners have also 
this advantage, that the gas being mixed with twice its 
volume of air, the hydrogen and carbon are burnt at the 
same time, and no solid particles of carbon are formed, 
and thus there can be no soot from imperfect combustion, 
as so often happens in the luminous flame, in which the 
hydrogen of the hydrocarbons burns before the carbon, 
which is separated into small solid particles and strongly 
heated up before being finally burnt to carbonic acid. 
Consequently meat baked in this class of oven is not 
distinguishable from a joint roasted before an open fire. 

(3) Ifa flue is carried up from the top of the back part 
of the oven into the kitchen chimney, the fumes from the 
oven cannot enter the general air of the kitchen. In all 
gas apparatus of whatever sort, some means must be 
provided for carrying off the products of combustion of 
the gas, and this is especially necessary in the case of gas 
cooking stoves. Ventilation of the oven is obtained by 
air passing in from below to ascend and escape with the 
products of combustion by the flue. The valve guarding 
the flue outlet is capable of regulating the ventilation, and 
is usually so constructed that it cannot entirely close the 
flue. 

(4) The larger gas cooking stoves are now very usually 
supplied with boilers, which can be attached to the side of 
the stove, and can be heated below by a ring of atmospheric 
burners. [The burners at the top of the stove for boiling 
kettles and saucepans, making toast, grilling, and stewing, 
should also be atmospheric.| There can be no doubt that for 
heating a large supply of water, gas is not economical as 
compared with coal, but these boilers have this great 
advantage that they can be easily inspected and cleaned, 
and the fur—caused by the deposit of lime salts where the 
water to be heated is hard—can be easily removed. In 
towns and districts which are supplied with hard water 
(containing much carbonate of lime in solution), the 
ordinary kitchen boiler must be opened occasionally to 
remove the fur—a proceeding causing much inconvenience. 
If the fur deposit is allowed to accumulate too long an 
explosion may take place. This may happen in one of 
two ways; either the mouth of the supply pipe may 
become choked, cutting off the water from the boiler, or 
the boiler plates having become much heated, whilst the 
water in the boiler is cool owing to the intervention of a 
thick non-conducting layer of fur, if this deposit should 
crack, the cold water coming suddedly into contact with 
the red hot iron would cause a dangerous evolution of 
steam. The boilers sent out with gas cooking stoves can 
supply hot water for the kitchen only ; they are not made 
to give a hot water supply under pressure available at any 
part of the house, asis the ordinary kitchen high-pressure 
boiler, so that for upstairs bath and lavatory purposes, 
hot water must be obtained from some form of gas bath- 
heater, of which we will speak presently. 

(5) The gas stoves now made—being well packed and 
losing but little heat by radiation—certainly do not warm 
the general air of the kitchen as the kitchen fire does, 
and this negative quality in summer is a great advantage, 
as the kitchen remains cool instead of being at the usual 
unbearable temperature. In winter. if the kitchen fire is 
retained, this should be lighted early in the day until the 
room is warm, or some form of gas fire may be used—-or it 
is even possible now to obtain a gas stove combining an 
open gas fire below, in front of which a small joint may 
be roasted, with a small gas oven above. The open gas 
fire will sufficiently warm a small kitchen. __ ‘ 

The consumption of gas in a stove of the size required 
for a family of nine or ten persons varies from 15 to 20 

products of combustion of the gasjets pass up the sides of | cubic feet per hour (at an average pressure of 8/r10) if the 
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oven burners alone are lighted and turned full on. In 
most cooking operations the amount of gas required 
would be only two-thirds of these quantities; the supply 
of gas being easily regulated to this or any other amount. 
If all the top burners in addition be lighted and turned 
full on, the average run of gas is from 40 to 60 cubic feet 
per hour. Twenty feet an hour for six hours a day isa 
fair representation of the amount of cooking required ina 
middle class family of ten persons. At 3s. per 1,000 
cubic feet, this would entail an expenditure of 4°32d. per 
day, or 2s. 6d. per week, or 1/, 125. 93d. per quarter. To | 
raise a gallon of water in a copper boiler from 50° F. to 
170° F., requires on the average a consumption of about 
3 feet of gas, so that if very much hot water is required 
for culinary or domestic purposes the gas bill may be 
expected to show a corresponding increase. 

Cooking by gas will not be introduced all at once. Gas 
stoves are now very generally obtained to supplement the 
kitchen range, for which purpose they are excellently 
adapted ; and as their possibilities and advantages are 
more clearly appreciated they will no doubt come into 
more general use. We have indicated some of the chief 
points in their construction and management, and while 
we do not advise any one utterly to discard coal fires for 
cooking, we would recommend a trial of gas as being 
likely, where it can be obtained of good quality at 
moderate prices, and where the stoves will be treated 
with care and attention, to be found economical, cleanly, 
and useful. 

Water and Bath-heaters—In a house where gas is 
entirely used for heating and cooking, or where there is 
no high-pressure kitchen boiler connected with a hot 
water cistern by circulating pipes, capable of giving a 
supply of hot water on the upper floors, one of these 
appliances will be found very useful. There are numerous 
forms of this apparatus, and most of them are contrived in 
avery ingenious manner. The plan usually adopted is 
to receive the cold water at the top of the apparatus— 
which is of copper or copper tin-lined—where it is spread 
out in the form of spray or thin films to pass slowly down 
over surfaces of copper, receiving in its passage the 
necessary heat from gas burners below, to the bottom of 
the apparatus, where it flows out by a spout. The 
temperature of the issuing water will vary with the 
quantity of gas consumed and with the flow of the water, 
z.é. the amount passing through the apparatus in a given 
time. The object generally aimed at is to obtain a bath 
of 30 gallons of water at 1oo° F. in twenty minutes or 
thereabouts. For this purpose the water must be heated 
to about 105°, as when in the bath it gradually cools 
whilst this is filling. In the best forms of bath-heater, 
25 to 30 cubic feet of gas must be consumed—at ordinary 
pressures, 7/10 to 10/10—to raise 30 gallons of water from 
50° to 100° in I5 or 20 minutes. Here then we have an 
apparatus which at the cost of little more than Id. is 
capable of providing ample material for a good warm 
bath. We would unhesitatingly recommend these bath- 
heaters, were it not the custom of most of the makers— 
with one or two exceptions however—to send them out 
without any flues or chimneys, and even sometimes to 
assert that no flue is necessary, as there is no smoke, and 
nothing unpleasant is produced by the combustion of the 
gas. There have however been some very unpleasant 
consequences from taking a bath in a small highly heated 
room, the air of which was loaded with carbonic acid— 
fainting and even partial asphyxia having been recorded 
under these circumstances. That the danger is no 
imaginary one will be seen when we consider that if in a 
room containing 500 cubic feet of space—the size of very 
many bath rooms—So cubic feet of carbonic acid are pro- 
duced by burning 25 cubic feet of coal-gas, the percentage 
of carbonic acid in the air is raised from ‘04 to 10, and 
the entire oxygen of 200 cubic feet of air is destroyed. 
Fatal results have been known from the inhalation, even 

for a short period, of air containing 10 per cent. of 
carbonic acid. The temperature of the air of the room 
will also be very much raised, and will tend to help in the 
production of perhaps fatal syncope. We cannot then 
too strongly insist on the absolute necessity of providing 
a flue to carry off the products of combustion to the outer 
air of an apparatus which can produce such an enormous 
volume of carbonic acid in so short a space of time. The 
flue should be carried into a chimney with a good draught, 
as the escaping products are generally much cooled down 
by having parted with much of their heat to the water 
flowing through the apparatus. There are other varieties 
of water-heater constructed for various purposes, only one 
of which we are able to notice in the present article. 
This is a spiral water-heater for lavatories, the invention 
of Mr. Fletcher. In two minutes this little apparatus, at 
a cost of half a foot of gas, can raise nearly two quarts of 
water to 100° F. It is an ingenious contrivance, and free 
from the objections attending most of the larger apparatus 
described above. 

Gas Fires—Yhese may be classified as radiation 
stoves, the room being heated entirely by radiation ; and 
ventilation stoves, warm air issuing from the stove and 
displacing the colder air of the room. But many of these 
latter also warm the room by radiation from the incandes- 
cent asbestos or from the warm sides of the stove. 
Mr. Fletcher has calculated that with gas at 3s. per 
1000 cubic feet, his open incandescent radiation gas fires 
cost for the same work about as much as coal fires when 
the coal is 30s. per ton, but with ventilating stoves the 
cost is about two-thirds of this. As in cooking by gas 
however, there are no dust, dirt, or cinders, and the fire 
can be immediately lighted or extinguished and requires 
no attention when alight. Nearly all the patterns of 
radiation stove now made depend on the heating of 
fibre or lump asbestos by non-luminous flames from 
atmospheric burners. The average consumption of gas 
required to maintain a room containing 5000 or 6000 
cubic feet of space at a suitable temperature in winter, 
varies between 12 to 20 cubic feet per hour, depending on 
a large variety of circumstances. Most people when 
sitting in a room prefer to be warmed by radiant heat, as 
from an ordinary open coal fire, and to leave the ventila- 
tion of the room to accidental circumstances—which 
usually means a cold draught along the floor towards the 
fire. Ventilation stoves, if they fulfil the proper condi- 
tions, are certainly better adapted for warming large 
apartments, such as shops, workrooms, and halls, than 
radiation stoves. The conditions to be fulfilled are that 
the airbe taken from a pure source in the outer atmosphere, 
that it be warmed by its passage through the stove, but 
not overheated or burnt—as is so often the case—and 
that it enter the room in an ascending direction towards 
the ceiling. In many cases it may be necessary that the 
air, rendered dry by its passage through the stove, should 
be moistened by passing over a tray of water before 
entering the general air of the room. Radiation stoves 
are perhaps better suited for private houses, especially for 
bed rooms and other apartments where a fire is only 
occasionally required. ‘The flues of these stoves should 
open into the chimney at the back of the fireplace. The 
temperature of the air and products of combustion escap- 
ing through the flue will generally be found very high, but 
the heat thus lost is necessary to create a draught up the 
chimney, and assists in the ventilation of the room. 

It has been said that the more general adoption of gas 
for heating and cooking would solve the smoke difficulty 
in London and those large towns where domestic and not 
factory smoke is the chief offender. A London pea-soup 
fog is certainly due to the coating of the particles of 
moisture suspended in the mist with “a carbonaceous 
sulphurous cuticle” as Mr. Harold Dixon has expressed it, 
and by preventing the daily evolution of millions of small 
particles of unconsumed carbon from our chimneys, we 

VS ww 
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should do away with the acrid yellow character of our 
fogs. But the mists due to the position of London on the 
estuary of a large river, would remain to the same extent 
as now, and there would still be the same amount of 
sulphurous acid given off into the air to be precipitated with 
the rain as sulphuric acid, and carry on its work of destruc- 
tion on building stones and mortar. One cubic foot of coal- 
gas produces on combustion 0°2 to 0’5 grains of sulphurous 
acid, so that the amount evolved would continue to be, as 
now, enormous. Still the air would be deprived of its 
sooty particles to a great extent, and the old familiar 
features, characteristic of grimy London, might in time 
disappear. The carbonic acid which is the chief product 
in the combustion of coal-gas, is diffused at once into the 
general body of the atmosphere, and the marvellous 
rapidity with which this is effected is revealed to us 
when we know that the air of our open streets and parks 
differs only by the most minute quantities—if at all— 
in its contained carbonic acid, from the air of the 
mountains or the sea. 

THE TOPOGRAPHIC FEATURES OF LAKE 
SHORE St 

Introduction 

“THE play of meteoric agents on the surface of the land 
is universal, and there is a constant tendency to the 

production of the forms characteristic of their action. All 
other forms are of the nature of exceptions, and attract 
the attention of the observer as requiring explanation. 
The shapes wrought by atmospheric erosion are simple 
and symmetric, and need but to be enumerated to be 
recognised as the normal elements of the sculpture of the 
land. Along each drainage line there is a gradual and 
gradually increasing ascent from mouth to source, and 
this law of increasing acclivity applies to all branches as 
well as to the main stem. Between each pair of adjacent 
drainage lines is a ridge or hill standing about midway 
and rounded at the top. Wherever two ridges join there 
isa summit higher than the adjacent portion of either 
ridge ; and the highest summits of all are those which, 
measuring along lines of drainage, are most remote from 
the ocean. The crests of the ridges are not horizontal, 
but undulate from summit to summit. There are no sharp 
contrasts of slope; the concave profiles of the drainage 
lines change their inclination little by little, and they merge 
by a gradual transition in the convex profiles of the crests 
and summits. The system of slopes thus succinctly in- 
dicated is established by atmospheric erosion under the 
general law of the interdependence of parts. It is the 
system which opposes the maximum resistance to the 
erosive agents. 

The factor which most frequently, and in fact almost 
universally, interrupts these simple curves is heterogeneity 
of terrane or diversity of rock texture. Different rocks 
have different powers of resistance to erosion, and the 
system of declivities which, under the law of interde- 
pendence, adjusts itself to diversity of rock texture, is one 
involving diversity of form, Hard rocks survive, while 
the soft are eaten away. Peaks and cliffs are produced. 
Apices are often angular instead of rounded. Profiles 
exhibit abrupt changes of slope. Flat-topped ridges 
appear, and the distribution of maximum summits becomes 
in a measure independent of the length of drainage lines. 
A second factor interrupting the continuity of erosion 

profiles is upheaval, and this produces its effect in two 
distinct ways. First, the general uprising of a broad tract 
of land affects the relation of the drainage to its point of 
discharge or to its base level, causing corrosion by streams 
to be more rapid than the general waste of the surface, and 
producing canons and terraces. Second, a local uprising 

* From a paper by Mr. G. K. Gilbert in the “Fifth Annual Report of the 
Geological Survey of the United States for 1883-84.” (Washington, 1885.) 

by means of a fault produces a cliff at the margin of the 
uplifted tract, and above this cliff there is sometimes a 
terrace. 

A third disturbing factor is glaciation, the cz7gues and 
moraines of which are distinct from anything wrought by 
pluvial erosion ; and a fourth is found in eruption. 

The products of all these agencies except the last have 
been occasionally confused with the phenomena of shores. 
The beach-lines of Glen Roy have been called river 
terraces. The cliffs of the Downs of England have been 
ascribed to shore waves. Glacial moraines in New 
Zealand have been interpreted as shore terraces. Beach 
ridges in our own country have been described as glacial 
moraines, and fault terraces as well as river terraces have 
been mistaken for shore marks. Nevertheless, the topo- 
graphic features associated with shores are essentially 
distinct from all others ; and when their peculiar characters 
are understood there is little occasion for confusion. It 
is only where the shore record is faintly drawn that 
any difficulty need arise in its interpretation. In 
investigating the history of Lake Bonneville and other 
Quaternary water bodies of the Great Basin, the writer 
and his assistants have had constant occasion to distin- 
guish from all others the elements of topography having 
a littoral origin and have become familiar with the criteria 
of discrimination. Their endeavour to derive from the 
peculiarities of the old shore lines the elements of a 
chronology of the lake which wrought them, has led them 
to study also the genesis of each special feature.! 

In the discussion of shore phenomena there is little 
room for originality. Not only has each of the elements 
which go to make up the topography of a shore been 
recognised as such, but its mode of origin has been ascer- 
tained. There appears, however, to be room for a 
systematic treatment of the subject in English, for it is 
only in continental Europe that its general discussion has 
been undertaken. The writings of Elie de Beaumont 
include a valuable contribution,’ and Alessandro Cialdi 
has devoted a volume to the motion of waves and their 
action on coasts.® These cover a large portion of the 
ground of the present essay, but treat the subject from 
points of view so diverse that the essay would be only 
partially superseded by their translation. The title of a 
work by H. Keller (“Studien itiber die Gestaltung der 
Sandkiisten”) indicates another discussion of a general 
nature, but this I have not seen. American and British 
contributions are contained chiefly in the reports of en- 
gineers on works for the improvement of harbours and 
the defence of coasts. The most comprehensive which 
has fallen under my eye, and one, at the same time, of the 
highest scientific character, is contained in the annual 
report of the United States Coast Survey for 1869, where 
Prof. Henry Mitchell, in treating of the reclamation of 
tide lands, describes the formation of the barriers of sand 
and shingle by which these are separated from the ocean. 

It is proper to add that the writer became acquainted 
with these works only after the body of this essay was 
prepared. The objective studies on which his conclusions 
are based had been completed, and the discussion had 
acquired nearly its present shape before he became aware 
of the extent of the affiliated literature. His conclusions 
have, therefore, the quality of independence, and, so far 
as they coincide with those of earlier writers, have a 
corroborative value. 

The engineering works whose construction has led to 
local investigations of shores are chiefly upon maritime 
coasts, where tides exert an important influence, and the 
literature of lake shores is comparatively meagre. It is 

Tt Partial outlines of the subject have been presented by the writer in 
connection with various accounts of Lake Bonneville, and a fuller outline 
was published by Mr. I. C. Russell in a paper on Lake Lahontan in the 
“Third Annual Report of the Geological Survey.” 

2 ‘‘ Lecons de géologie pratique ;’” tome premier ; septi¢me lecon, ‘* Levées 
de sable et de galet,”’ pp. 221-52. 

3 “Sul moto ondoso del mare e su le correnti di esso specialmente su 
quelle littorali pel comm ’’ Alessandro Cialdi. Roma, 1866, 
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true that the phenomena of lake margins are closely 
paralleled by those of tide-washed coasts, but this, 
unfortunately, does not render the literature of the latter 
the more applicable, for there is a tendency to ascribe to 
the action of tides features which the students of inland 
lakes are compelled to account for independently of that 
agent. 

It should be noted also that the point of view of the 
civil engineer is somewhat different from that of the 
present study. He is, indeed, concerned with all the forms 
into which the shore material is wrought by the action of 
the waves, but he is not at all concerned with their in- 
ternal structure ; and he knows them, moreover, only as 
subaqueous banks to be determined by sounding, and not 
at all as features of the dry land. The geologic student 
has, too, some facilities for study which the engineer lacks, 
for he is frequently enabled to investigate the anatomy of 
shore structures by means of natural cross-sections, while 
the engineer is restricted to an examination of their 
superficial forms. 

Earth Shaping 

The earth owes its spheroidal form to attraction and 
rotation. It owes its great features of continent and 
ocean bed to the unequal distribution of the heterogeneous 
material of which it is composed. Many of its minor 
inequalities can be referred to the same cause, but its 
details of surface are chiefly moulded by the circulation 
of the fluids which envelop it. This shaping or moulding 
of the surface may be divided into three parts—subaérial 
shaping (land sculpture), subaqueous shaping, and littoral 
shaping. In each case the process is threefold, comprising 
erosion, transportation, and deposition. 

In subaérial or land shaping the agents of erosion are 
meteoric—rain, acting both mechanically and chemically, 
streams, and frost. The agent of transportation is 
running water. The condition of deposition is diminishing 
velocity. 

In subaqueous shaping, or the moulding of surface 
which takes place beneath lakes and oceans, currents 
constitute the agent of erosion. They constitute also the 
agent of transportation ; and the condition of deposition 
is, as before, diminishing velocity. 

In littoral shaping, or the modelling of shore features, 
waves constitute the agent of erosion. Transportation is 
performed by waves and currents acting conjointly, and 
the condition of deposition is increasing depth. 

On the land the amount of erosion vastly exceeds the 
amount of deposition. Under standing water erosion is 
either #77 or incomparably inferior in amount to deposition. 
And these two facts are correlatives, since the product of 
land erosion is chiefly deposited in lakes and oceans, and 
the sediments of lakes and oceans are derived chiefly 
from land erosion. The products of littoral erosion 
undergo division, going partly to littoral deposition and 
partly to subaqueous deposition. The material for littoral 
deposition is derived partly from littoral erosion and 
partly from land erosion. 

That is to say, the detritus worn from the land by 
meteoric agents is transported outward by streams. 
Normally it is all carried to the coast, but owing to the 
almost universal complication of erosion with local uplift, 
there is a certain share of detritus deposited upon the 
basins and lower slopes of the land. At the shore a 
second division takes place, the minor portion being 
arrested and built into various shore structures, while the 
major portion continues outward and is deposited in the 
sea or lake. The product of shore erosion is similarly 
divided. A part remains upon the shore, where it is com- 
bined with material derived from the land, and the 
remainder goes to swell the volume of subaqueous 
deposition. 
the forms of the land are given chiefly by erosion. 

Since the wear by streams keeps necessarily in advance 

of the waste of the intervening surfaces, and since, also, 
there is inequality of erosion dependent on diversity of 
texture, land forms are characterised by their variety. 

The forms of sea beds and lake beds are given by 
deposition. The great currents by which subaqueous 
sediments are distributed sweep over the ridges and other 
prominences of the surface and leave the intervening de- 
pressions comparatively currentless. Deposition, depend- 
ing on retardation of currents, takes place chiefly in the 
depressions, so that they are eventually filled and a 
monotonous uniformity is the result. 

The forms of the shore are intermediate in point of 
variety between those of the land and those of the sea 
bed ; and since they alone claim parentage in waves, they 
are su? generis. 

Ocean shores are genetically distinguished from lake 
shores by the co-operation of tides, which cannot fail to 
modify the work accomplished by waves and wind currents. 
The shores which constitute the objective basis of the 
present discussion were tideless; and the discussion is 
therefore limited to lake shores. It is perhaps to be 
regretted that the systematic treatment here proposed 
could not be extended so as to include all shores, but 
there is a certain compensation in the fact that the results 
reached in reference to lake shores have an important 
negative bearing on tidal discussions. It was long ago 
pointed out by Elie de Beaumont! and Desor® that many 
of the more important features ascribed by hydraulic 
engineers to tidal action, are produced on the shores of 
inland seas by waves alone; and the demonstration of 
wave-work pure and simple should be serviceable to the 
maritime engineer by pointing out the results in explana- 
tion of which it is unnecessary to appeal to the agency 
of tides. 

CAPILLARY ATTRACTION 

HE heaviness of matter had been known for as many 
thousand years as men and philosophers had lived 

on the earth, but none had suspected or imagined, before 
Newton’s discovery of universal gravitation, that heaviness 
is due to action at a distance between two portions of 
matter. Electrical attractions and repulsions, and mag- 
netic attractions and repulsions, had been familiar to 
naturalists and philosophers for two or three thousand 
years, Gilbert, by showing that the earth, acting as a 
great magnet, is the efficient cause of the compass 
needle’s pointing to the north, had enlarged people’s 
ideas regarding the distances at which magnets can 
exert sensible action. But neither he nor any one 
else had suggested that heaviness is the resultant of 
mutual attractions between all parts of the heavy body 
and all parts of the earth, and it had not entered the 
imagination of man to conceive that different portions of 
matter at the earth’s surface, or even the more dignified 
masses called the heavenly bodies, mutually attract one 
another. Newton did not himself give any observational 
or experimental proof of the mutual attraction between 
any two bodies, of which both are smaller than the moon. 
The smallest case of gravitational action which was in- 
cluded in the observational foundation of his theory, was 
that of the moon on the waters of the ocean, by which the 
tides are produced ; but his inductive conclusion that the 
heaviness of a piece of matter at the earth’s surface, is the 
resultant of attractions from all parts of the earth acting 
in inverse proportion to squares of distances, made it 
highly probable that pieces of matter within a few feet or 
a few inches attract one another according to the same 
law of distance, and Cavendish’s splendid experiment 
verified this conclusion. But now for our question of this 
evening. Does this attraction between any particle of 

* “Tecons de Géologie pratique,’’ Paris, 1845, v. i. p. 232. 
2 “Geology of Lake Superior Land District,’’ by Foster and Whitney, 

Washington, 1851, v. ii. pp. 262, 266. 

a 
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matter in one body and any particle of matter in another 
continue to vary inversely as the square of the distance, 
when the distance between the nearest points of the two 
bodies is diminished to an inch (Cavendish’s experiment 
does not demonstrate this, but makes it very probable), 
or to a centimetre, or to the hundred-thousandth of a 
centimetre, or to the hundred-millionth of a centimetre ? 
Now I dip my finger into this basin of water; you see 
proved a force of attraction between the finger and the 
drop hanging from it, and between the matter on the two 
sides of any horizontal plane you like to imagine through 
the hanging water. These forces are millions of times 
greater than what you would calculate from the Newtonian 
law, on the supposition that water is perfectly homo- 
geneous. Hence either these forces of attraction must, at 
very small distances, increase enormously more rapidly 
than according to the Newtonian law, or the substance of 
water is not homogeneous. We now all know that it is 
not homogeneous. The Newtonian theory of gravitation 
is not surer to us now than is the atomic or molecular 
theory in chemistry and physics ; so far, at all events, as its 
assertion of heterogeneousness in the minute structure of 
matter apparently homogeneous to our senses and to our 
most delicate direct instrumental tests. Hence, unless we 
find heterogeneousness and the Newtonian law of attrac- 
tion incapable of explaining cohesion and capillary at- 
traction, we are not forced to seek the explanation in a 
deviation from Newton’s law of gravitational force. Ina 
little communication to the Royal Society of Edinburgh 
twenty-four years ago,' I showed that heterogeneousness 
does suffice to account for any force of cohesion, however 
great, provided only we give sufficiently great density to 
the molecules in the heterogeneous structure. 

Nothing satisfactory, however, or very interesting 
mechanically, seems attainable by any attempt to work out 
this theory without taking into account the molecular 
motions which we know to be inherent in matter, and to 
constitute its heat. But so far as the main phenomena of 
capillary attraction are concerned, it is satisfactory to 
know that the complete molecular theory could not but 
lead to the same resultant action in the aggregate as if 
water and the solids touching it were each utterly homo- 
geneous to infinite minuteness, and were acted on by 
mutual forces of attraction sufficiently strong between 
portions of matter which are exceedingly near one another, 
but utterly insensible between portions of matter at sen- 
sible distances. This idea of attraction insensible at 
sensible distances (whatever molecular view we may learn, 
or people not now born may learn after us, to account for 
the innate nature of the action), is indeed the key to the 
theory of capillary attraction, and it is to Hawksbee® that 
we owe it. Laplace took it up and thoroughly worked it 
out mathematically in a very admirable manner. One 
part of the theory which he left defective—the action of a 
solid upon a liquid, and the mutual action between two 
liquids—was made dynamically perfect by Gauss, and the 
finishing touch to the mathematical theory was given by 
Neumann in stating for liquids the rule corresponding to 
Gauss’s rule for angles of contact between liquids and 
solids. 

Gauss, expressing enthusiastic appreciation of Laplace’s 
work, adopts the same fundamental assumption of attrac- 
tion sensible only at insensible distances, and, while pro- 
posing as chief object to complete the part of the theory 
not worked out by his predecessor, treats the dynamical 
problem afresh in a remarkably improved manner, by 
founding it wholly upon the principle of what we now call 
potential energy. Thus, though the formulas in which he 
expresses mathematically his ideas are scarcely less 
alarming in appearance than those of Laplace, it is very 
easy to translate them into words by which the whole theory 
will be made perfectly intelligible to persons who imagine 

' Proceedings of the Royal Society of Edinburgh, April 21, 1862 (vol. iv.). 
* Royal Society 7rausactions, 1709-13. 

themselves incapable of understanding sextuple integrals. 
Let us place ourselves conyeniently at the centre of the 
earth so as not to be disturbed by gravity. Take now 
two portions of water, and let them be shaped over a 
certain area of each, call it A for the one, and B for the 
other, so that when put together they will fit perfectly 
throughout these areas. To save all trouble in manipu- 
lating the supposed pieces of water, let them become for 
a time perfectly rigid, without, however, any change in 
their mutual attraction. Bring them now together till the 
two surfaces Aand B come to be within the one-hundred- 
thousandth of an inch apart, that is, the forty-thousandth 
of a centimetre, or two hundred and fifty micro-millimetres 
(about half the wave-length of green light). At so great 
a distance the attraction is quite insensible; we may feel 
very confident that it differs, by but a small percentage, from 
the exceedingly small force of attraction which we should 
calculate for it according to the Newtonian law, on the 
supposition of perfect uniformity of density in each of the 
attracting bodies. Well known phenomena of bubbles, 
and of watery films wetting solids, make it quite certain 
that the molecular attraction does not become sensible 
until the distance is much less than 250 micro-millimetres. 
From the consideration of such phenomena Quincke 
(Pogg. Ann., 1869) came to the conclusion that the mole- 
cular attraction does become sensible at distances of 
about fifty micro-millimetres. His conclusion is strikingly 
confirmed by the very important discovery of Reinold and 
Riicker that the black film, always formed before an un- 
disturbed soap bubble breaks, has a uniform or nearly 
uniform thickness of about eleven or twelve micro-milli- 
metres. The abrupt commencement, and the permanent 
stability, of the black film demonstrate a proposition of 
fundamental importance in the molecular theory :—The 
tension of the film, which is sensibly constant when the 
thickness exceeds fifty micro-millimetres, diminishes to a 
minimum, and begins to increase again when the thickness 
is diminished to ten micro-millimetres. It seems not pos- 
sible to explain this fact by any imaginable law of force 
between the different portions of the film supposed homo- 
geneous, and we are forced to the conclusion that it 
depends upon molecular heterogeneousness. When the 
homogeneous molar theory is thus disproved by observa- 
tion, and its assumption of a law of attraction augmenting 
more rapidly than according to the Newtonian law when 
the distance becomes less than fifty micro-millimetres is 
proved to be insufficient, may we not go farther and say 
thet it is unnecessary to assume any deviation from the 
Newtonian law of force varying inversely as the square of 
the distance continuously from the millionth of a micro- 
millimetre to the remotest star or remotest piece of 
matter in the universe; and, until we see how gravity 
itself is to be explained, as Newton and Faraday thought 
it must be explained, by some continuous action of inter- 
vening or surrounding matter, may we not be temporarily 
satisfied to explain capillary attraction merely as New- 
tonian attraction intensified in virtue of intensely dense 
molecules movable among one another, of which the 
aggregate constitutes a mass of liquid or solid. 

But now for the present, and for the rest of this evening, 
let us dismiss all idea of molecular theory, and think of 
the molar theory pure and simple, of Laplace and Gauss. 
Returning to our two pieces of rigidified water left at a 
distance of 250 micro-millimetres from one another. 
Holding them in my two hands, I let them come nearer 
and neerer until they touch all along the surfaces A and 
B, They begin to attract one another with a force which 
may be scarcely sensible to my hands when their distance 
apart is fifty micro-millimetres, or even as little as ten 
micro-millimetres ; but which certainly becomes sensible 
when the distance becomes one micro-millimetre, or the 
fraction of a micro-millimetre ; and enormous, hundreds 
or thousands of kilogrammes’ weight, before they come 
into absolute contact. Iam supposing the area of each 
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of the opposed surfaces to be a few square centimetres. 
To fix the ideas, I shall suppose it to be exactly thirty 
square centimetres. If my sense of force were sufficiently 
metrical I should find that the work done by the attraction 
of the rigidified pieces of water in pulling my two hands 
together was just about four and a half centimetre- 
grammes. The force to do this work, if it had been 
uniform throughout the space of fifty micro-millimetres 
(five-millionths of a centimetre) must have been nine 
hundred thousand grammes weight, that is to say, 
nine-tenths of a ton. But in reality it is done by a force 
increasing from something very small at the distance of 
fifty micro-millimetres to some unknown greatest amount. 
It may reach a maximum before absolute contact, and 
then begin to diminish, or it may increase and increase 
up to contact, we cannot tell which. Whatever may 
be the law of variation of the force, it is certain that 
throughout a small part of the distance it is considerably 
more than one ton. It is possible that it is enormously 
more than one ton, to make up the ascertained amount of 

Hy 

| 
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work of four and a half centimetre-grammes performed 
in a space of fifty micro-millimetres. 

But now let us vary the circumstances a little. I 
take the two pieces of rigidified water, and bring 
them to touch at a pair of corresponding points in 
the borders of the two surfaces A and B, keeping 
the rest of these surfaces wide asunder (see Fig. 1). 
The work done on my hands in this proceeding is 
infinitesimal. Now, without at all altering the law of 
attractive force, let a minute film of the rigidified water 
become fluid all over each of the surfaces A and B : you see 
exactly what takes place. The pieces of matter I hold in 
my hands are not the supposed pieces of rigidified water. 
They are glass, with the surfaces a and B thoroughly 
clean and wetted all over each with a thin film of water. 
What you now see taking place is the same as what would 
take place if things were exactly according to our ideal 
supposition. Imagine, therefore, that there are really two 
pieces of water, all rigid, except the thin film on each of the 
surfaces A and B, which are to be put together. Remember 
also that the Royal Institution, in which we are met, has 
been, for the occasion, transported to the centre of the 

earth so that we are not troubled in any way by gravity. 
You see we are not troubled by any trickling down of 
these liquid films—but I must not say down, we have no 
up and down here. You see the liquid film does not 
trickle along these surfaces towards the table, at least you 
must imagine that it does not doso. I now turn one or 
both of these pieces of matter till they are so nearly in 
contact all over the surfaces A and B, that the whole inter- 

| stice becomes filled with water. My metrical sense of touch 
tells me that exactly four and a half centimetre-grammes 
of work has again been done ; this time, however, not by a 
very great force, through a space of less than fifty micro- 
millimetres, but by a very gentle force acting throughout 
the large space of the turning or folding-together motion 
which you have seen, and now see again. We know, in 
fact, by the elementary principle of work done in a 
conservative system, that the work done in the first case 
of letting the two bodies come together directly, and in 
the second case of letting them come together by first 
bringing two points into contact and then folding them 
together, must be the same, and my metrical sense of 
touch has merely told me in this particular sense what we 
all know theoretically must be true in every case of pro- 
ceeding by different ways to the same end from the same 
beginning. WILLIAM THOMSON 

(To be continued.) 

THE TOTAL SOLAR ECLIPSE, 1886 
AUGUST 28-29 

qr Eclipse Expedition will leave England on the 
29th inst. in the Royal Mail Steamship /Vz/e, timed 

to arrive at Barbados on August 11. We regret to learn 
that Her Majesty’s ship Canada, which was told off to 
assist the Expedition, chiefly by supplying artificers and 
assistance in camping and in the observations, has been 
withdrawn on some “diplomatic” service. This is a 
serious blow to the probabilities of good results. 

From data supplied by Mr. Hind, the following details 
have been computed for the Island of Grenada :— 

Latitude Longitude Commencement of totality 
N. W. G.M.T. Local time 

; Aer) hs» §ma- dis. m. Ss. 
Levera 12 13°5 61 37 23 17 19 19 YO 51 
Caliveny... ... I2 0'0 61 43 23907 ATA: Ig I0 22 
Point Saline ... 12 0°5 61 48 23 17 10 19 9 58 
Fort Frederick. 12 3°0 61 44 230 7aI3 19 10 17 

Duration of Sun’s Angle from 
totality Azimuth True altitude N. point 
m. s. nae a 

Levera 3 45 84 12 18 56 87° to W. 
Caliveny ... Ruy 84 6 18 48 GE oy) 
Point Saline 3 48 84 4 18 42 OPE oO 
Fort Frederick . 3 49 84 3 18 46 Chie Se 

The sun’s altitude and azimuth and the angle from 
N. point are given for the commencement of totality. 

The time of first contact for the middle of the island 
{assumed lat. 12° 6"0, long. 61° 430] is 18h. Tim. 55s. 
local mean time at 770 N. to W. on the sun’s limb ; and 
ends at 20h. 20m. 44s. at 105° N. to E. on the limb. 

A diagram is given below showing the position of the 
principal stars and planets at the commencement of 
totality. The distances of the planets from the sun are 
very roughly as follows (the positions of Mercury and 
Venus being shown absolutely, and the directions of the 
others indicated by arrows) :— 

Mercury (Me) = 4 | Mars (Ma) = 15 
Venus (V) — Saturn (S) = 12 

ae } almost in conjunction ee =) 

Local mean time of transit of Polaris and 6 Urse 

Minoris for Caliveny (Grenada), long. 61° 43’ W. :— 
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Transit of ‘Transit of 
Date 1886 6 Urszx Minoris Polaris 

Ire Th 5 Is oils Ge 

August 14 8 35 46 ae 15 43 24 
15 8 31 49 eS I5 39 28 

16 8 27 52 £5) 35133 
17 S 23 55 15 31 37 
18 8 19 58 I5 27 41 
19 Selous I 15 23 46 
20 812 4 15 19 50 
21 Sasi, a I5 15 54 
22 Saeae lil ao: I5 11 58 
23 8 o 14 oo iy {3 1 

24 7 50 17 os Mey nd 
25 7 52 20 ae I5 0 12 
26 7 48 23 oe 14 56 15 
27 7 44 20 600 14 52 20 
28 7 40 30 600 14 48 24 

29 TBE OS oe 14 44 28 
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Diagram of configuration of stars and planets during the total solar eclipse, 
1886 August 28-29, for Grenada. V = Venus; Mr = Mercury; 
Ma = Mars; J = Jupiter; S=Saturn; U = Uranus. 

We reprint from Sczezce the following paper by Mr. J. 
Norman Lockyer :— 

In order to obtain the greatest amount of assistance 
from observations of the eclipsed sun, it is necessary to 
consider in the most general way the condition of solar 
inquiry at the time the observations are made. If any 
special work commends itself to those interested in the 
problem,—work which may be likely to enable us to 
emphasise or reject existing ideas,—then that work should 
take precedence of all other. 

Next, if the observers are sufficient in number to under- 
take other work besides this, then that work should be 
arranged in harmony with previous observations ; that is, 
the old methods of work should be exactly followed, or 
they should be expanded so that a new series of observa- 
tions may be begun in the light and in extension of the 
old ones. 

In my opinion, and I only give it for what it is worth, 
the three burning questions at the present time —questions 
on which information is required in order that various 
forms of work may be undertaken to best advantage 
(besides eclipse-work)—are these :— 

(1) The true constitution of the atmosphere of the sun. 
By this I mean, Are the various series of lines of the same 
element observed in sunspots, e.g., limited to a certain 
stratum, each lower stratum being hotter, and therefore 
simpler in its spectrum, than the one overlying it? and do 
some of these strata, with their special spectra, exist high 
in the solar atmosphere, so that the Fraunhofer lines, re- 
represented in the spectrum of any one substance, are the 
result of an integration of the various absorptions from 
the highest stratum to the bottom one? This view is 
sharply opposed to the other, which affirms that the 
absorption of the Fraunhofer lines is due to one unique 
layer at the base of the atmosphere. 

I pointed out before the eclipse of 1882 that crucial ob- 
servations could be made during any eclipse, including 
the time both before and after totality. I made the obser- 
vations: they entirely supported the first view, but I do 
not expect solar inquirers to throw overboard their own 
views until these observations of mine are confirmed ; and 

I think one of the most important pieces of work to be 
done during the next eclipse is to see whether these obser- 
vations can be depended upon or not. 

One observer, I think, should repeat the work over the 
same limited region of the spectrum, near F ; another 
observer should be told off to make similar observations 
in another part of the spectrum. I have prepared a map 
of the lines near E, for this purpose, showing those bright- 
ened on the passage from the arc to the spark, and those 
visible alone at the temperature of the oxy-hydrogen flame. 
Whereas some of the spark lines will be seen seven 
minutes before and after totality as short, bright lines, 
some of the others will be seen as thin, lone lines just 
before and after totality. We want to know whether the 
lines seen at the temperature of the oxy-hydrogen flame 
will be seen at all, and, if so, to what height they 
extend. 

(2) The second point to which I attach importance is one 
which can perhaps be left to a large extent to local 
observers, if the proper apparatus, which may cost very 
little, be taken out. 

With this eclipse in view, I have for the last several 
months gone over all the recorded information, and have 
discussed the photographs taken at the various eclipses 
in connection with the spots observed, especially at those 
times. 

The simple corona observed at a minimum with a con- 
siderable equatorial extension -(twelve diameters, accord- 
ing to Langley), the complex corona observed at maximum 
when the spots have been located at latitudes less than 
20°, have driven me to the view, which I shall expand on 
another occasion, that there is a flattened ring round the 
sun’s equator, probably extending far beyond the true 
atmosphere ; that in this ring are collected the products 
of condensation ; and that it is from the surfaces of this 
ring chiefly that the fall of spot-forming material takes 
place. 

If we take any streamer in mid-latitude, we find, that, 
while the spots may occur on the equatorial side of it, none 
are seen on the poleward side. I regard the streamers, 
therefore, like the metallic prominences, as a sequel to the 
spot ; and there is evidence to suggest that a careful study 
will enable us to see by what process the reaction of the 
photosphere*and underlying gases produced by the fall of 
spot-material tends to make the spot-material discharge 
itself in lower and lower latitudes, as the temperature of 
the sun’s lower atmosphere gets enormously increased. 

The observations of Profs. Newcomb and Langley 
at the minimum{of 1878, on the equatorial extension, are 
among the most remarkable. Prof. Newcomb hid the 
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moon and 12’ of arc around it at the moment of totality 
by a disk of wood, carefully shielding his eyes before 
totality. Prof. Langley observed at a very consider- 
able elevation. It is therefore quite easy to understand 
why this ring has not been seen or photographed at maxi- 
mum. At maximum no precautions have been taken to 
shield the eye; no observations have been made at a 

considerable elevation ; while the fact that the ring, if it 
exists, consists of cool material, fully explains how it is 
that the photographic plates have disregarded it. 

I would propose, therefore, that the repetition of Prof. 
Newcomb’s observations of 1878 be made an important 
part in the arrangements of the eclipse for this year. A 
slight alteration in the method will be necessary, as the 
ring will be near the vertex and the lowest point of the 
eclipsed sun. 

(3) Another point of the highest importance at the pre- 
sent moment has relation to the existence of carbon. Until 
Tacchini’s observations of 1883, the only trace of carbon 
in the solar spectrum consisted of ultra-violet flutings. He 
observed other flutings in the green near the streamers in 
the eclipse referred to. 

Duner’s recent work puts it beyond all doubt that stars 
of Class ITI. é havetheir visible absorption produced chiefly 
by carbon vapour. 

On any theory of evolution, therefore, we must expect 
the sun’s atmosphere to be composed to a large extent of 
carbon at some time or other ; so that the highest interest 
attaches to this question in connection with the height in 
the atmosphere at which the evidence of carbon is ob- 
served. The existence of the ultra-violet flutings among 
the Fraunhofer lines tells nothing absolute about this 
height, although I inferred, at the time I made the 
announcement, that it existed at some height in the coronal 
atmosphere. 

These three points, then, are those to which I attach 
special importance at the present time. 
We next come to photographs of the corona. I believe, 

that, with our present knowledge, the chief thing we have 
to seek in such photographs is not merely the streamers 
and their outlines, which we are sure to get anyway, but 
images on a larger scale; so that in a series of short ex- 
posures we may endeavour to get some records which will 
eventually help us in determining the directions of the 
lower currents. At present we do not know absolutely 
whether these flow to or from the poles. My own impres- 
sion is that the panaches at the poles indicate an upper 
outflow. 

In coming to the photo-spectroscopic observations, I am 
of opinion, that of the two attacks which I first suggested 
for the eclipse of 1875, and which have also been used in 
the last two eclipses of 1882 and 1883, one of them should 
be discarded, and the whole effort concentrated on the 
other. 
We have learned very much from the use of the pris- 

matic camera,—one of the instruments referred to; but 
the results obtained by it are not of sufficient accuracy to 
enable them to be fully utilised. On the other hand, 
though the slit spectroscope failed in 1875, it succeeded 
with a brighter corona and more rapid plates in 1882 ; 
and, with a proper reference spectrum, every iota of the 
facts recorded can be at once utilised for laboratory work 
and subsequent discussion. 

On these grounds, then, I would suggest that slit spec- 
troscopes alone be used for photographic registration. I 
think falling plates should be used, and that the work 
should begin ten minutes before totality, and continue till 
ten minutes after; provided the slit be tangential, or 
nearly so, to the limb. 

I may state that arrangements have been made here to 
take such a series of photographs on the uneclipsed sun ; 
and, with the improved apparatus, I am greatly in hopes 
that we may get something worth having. 

This paper was communicated to the Eclipse Com- 

mittee, and formed in part the basis for the plan of opera- 
tions on this occasion, which, as approved by the Com- 
mittee, are as follows :— 

Coronagraph before and after totality. } 
Camera and prismatic camera during - Capt. Darwin 

totality act SoBe aan PBC a 
Camera and slit spectroscopes ... ... 
Integrated intensity of corona oie 
Camera and slit spectroscopes 

Capt. Abney 

Dr. Schuster 
Be ¥ 3 Mr. Maunder 

Observations of chromosphere before 
and after totality, and search for ¢ Rev. S. J. Perry 
carbon bands during totality ... ... 

Observations of chromosphere before ) 
and after totality, and direction of > Mr. Turner 
solar currents during totality ... ... \ 

Images of corona on large and small ) 
scale (2 inches and j inch) with ( yp. Lockyer 
photoheliograph and a 6-inch object- 
glass by Henry ... < : \ 

Prof. Thorpe replaces Capt. Abney in the above list, 
and Prof. Tacchini joins the expedition at the invitation 
of the Royal Society. 

NOTES 

WE regret to learn of the death of Dr. Abich, the eminent 
Russian geologist. 

Mr. DAviID STEPHENSON, of Edinburgh, the well-known 

civil engineer, died at North Berwick on Saturday last. He 

was born in 1815, and was a son of Mr. Robert Stephenson, the 
celebrated engineer of the Bell Rock and other lighthouses. His 
abilities in his profession were soon recognised. He was ap- 
pointed at an early age engineer to the Lighthouse Board, and 
while occupying that position he constructed a number of im- 

portant lighthouses. In the course of his career he held the office 
of consulting engineer to the Highland and Agricultural Society 
and to the Convention of the Royal Burghs, as also engineer 
to the Board of Fisheries and the Clyde Lighthouse Trust. Mr. 
Stephenson was a voluminous writer ; his more important works 
included ‘‘ A Sketch of Civil Engineering in North America,” 

‘The Application of Modern Hydrometry to the Practice of 
Civil Engineering,” ‘‘ Reclamation and Production of Agricul- 
tural Land,” and “ Principles and Practice of Canal and River 

Engineering.” He was an occasional contributor to the columns 
of NATURE. 

THE death is announced of Mr. Charles Mano, seven days 

after leaving Colon for France, at the age of fifty-five. M. Mano 

had made various journeys in S,anish America for scientific 
purposes. In Mexico he discovered several ancient cities which 
had never before been seen by any European. He was the 

scientific Commissioner of the Governments of Colombia and of 

Guatemala. 

THE arrangements for the Brighton meeting of the British 
Medical Association on the roth, 11th, r2th, and 13th proximo 

are rapidly approaching completion. In the section of pathology, 
the new science of bacteriology will receive a good deal of atten- 

tion, and microscopic photographs of these mysterious organisms 
will be shown by Dr. Heneage Gibbes and Dr. Crookshank, 
while the latter will also exhibit the various organisms growing 

in gelatine, &c. 

WE learn from the Sidereal Messenger for July that the con- 
tract for mounting the 36-inch objective has been awarded by 
the Lick trustees to Warner and Swasey, of Cleveland, O., for 

42,000 dols. 
of the tube 42 inches. Provisions are made by which it will be 

possible for the observer at the eye-end of the telescope to 
command all the possible motions, and these same motions can 

also be controlled by an observer stationed on a small balcony 

The telescope is to be 57 feet long ; the diameter- 

e. © eppeorwwerewn— 
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20 feet above the floor. It is expected that the mounting will 

be completed in April 1887, and that the glass will be brought 
to Mount Hamilton and put in place some time during the sum- 
mer following. The total cost of the equatorial and dome will 
will be about 164,850 dols. ; the cost of the dome being 56,850 

dols. ; the mounting, 42,000 dols. ; the visual objective, 53,000 

dols. ; the additional photographic lens, 13,000 dols. 

WE have received a copy of the address of Sir William 
Manning, as Chancellor of the University of Sydney, at the 
annual commemoration. The report which it contains is one 

of progress in almost every direction. The death of Prof- 

Smith, who had long held the Chair of Experimental Physics, 
Jed to a re-arrangement of duties, a Professorship of Physics 

being substituted, with a wider and different range of teaching 

in Physical Science, including portions of the duties before dis- 
charged by the Professor of Mathematics as Professor also of 

Natural Philosophy. The list of private benefactions appended 

to the address is a remarkable one, It amounts to 317,414/. 12s. 6d. 

Of this, one amount, the Challis Bequest, is estimated at 

180,000/., and is anticipated to reach about 200,000/. As this 

noble donation has only recently fallen into possession, its 
application has not yet been fixed; the only point determined 

about it is that no part of it shall be used on buildings of any 
kind, but the capital shall be kept intact to produce an income 
for direct educational purposes. Another highly important gift 

is the Macleay Natural History Collection, valued at 25,0007. 
A building has been erected to receive the collection, and an 

endowment of 6000/. for a Curator has been promised. The 

other gifts include one of 30,000/. for the library. The amount 

of the donations since 1879 exceed a quarter of a million sterling 

—a magnificent sum for any community, however wealthy, to 

contribute in a few years to a single educational institution. 

On Thursday last week the Photographic Exhibition, pro- 
moted by the Glasgow Town Council, was opened in the Cor- 
poration Galleries with a numerously attended conversazione. It 
is the fullest exposition, historical, practical, and scientific, of 

the art of photography which has yet been given. By means of 
an admirable series of examples it illustrates the development of 

photography from the earliest attempts of Wedgewood, Niepce, 
Daguerre, Fox-Talbot, and numerous other discoverers, to the 

latest products of those who are acknowledged at the present 
day as masters of the art. In the department of photo-litho- 

graphy the numerous methods of photo-engraving and photo- 

type-printing are fully represented by means of exhibits from the 

principal workers in that line. One of the most interesting 

sections is that which illustrates the applications of photography 
to the various branches of science, divided into its relations to 

geography, ethnology, microscopy, meteorology, and astronomy. 

In the last of these, the greatest of the recent triumphs in celes- 
tial photography by the Brothers Henry, of the Paris Observa- 
tory, are admirably shown ; and there are also splendid examples 

of a similar kind from the Royal Observatory, as well as from 
Mr. A. Ainslie Common and others eminent in that field. The 

apparatus range from the primitive appliances of Daguerre to 

the latest ones of Messrs. Mason and Co., Glasgow ; Mr. Stan- 

ley, London ; and Mr. Marion, of the same city. Mr. James 

Paton, the curator of the galleries, has superintended the arrange- 

ments forthe exhibition, which are of a most satisfactory nature. 

WE regret to learn of the probable early recall of the Commis- 

sioner of the Philippine Forest Department, and the practical 

‘suspension of the work in which he is engaged. ‘The step is 

much to be regretted on many grounds, and it is to be hoped 
the Spanish Government will re-consider its decision in the 
matter. Until recently our knowledge of Philippine vegetation 
was extremely scanty, notwithstanding the collections made by 
the late Mr. Hugh Cuming. Even these it remained for Don 
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Sebastian Vidal, Commissioner of Forests there, to place in 
accessible form, the materials for his recently-published ‘‘ Phane- 

rogamz Cumingiane Philippinarum”’ having been collected 
whilst engaged in working up his collections at Kew some two 
or three years ago. The extensive collections recently made by 

the Forest Department, a portion of which has been transmitted 
to Kew for determination, has, we believe, yielded a consider- 

able proportion of novelties, including a number of genera not 

hitherto known from the islands, Information respecting these 
additions will probably be forthcoming in due course, as already 
we have an outline of the flora at the hands of one of the Kew 

staff. The above, together with the fact that the large island of 

Mindanao, and several others, is practically unexplored, shows 
how much yet remains to be done in this direction. From an 

economic stand-point, and for the development of the natural 

resources of the islands, the work of the department is an im- 
portant one. The demand for timber, owing to the exhaustion 
of the forests in various directions, is assuredly forcing the 

forestry question into the foreground. As an example of how 

little we know of the Philippine flora, we may mention the St. 
Ignatius’s bean, of which until recently nothing was known 

beyond the fact that it finds its way into the markets of this 
country as a source of the deadly poison strychnine, and was 

said to be sold in the market at Manila. Now, we believe, the 

plant has been discovered, and information respecting it will 
doubtless be shortly forthcoming. Such matters as these 
naturally engage the attention of the Forest Department, and it 
will be a matter for sincere regret if the work so well begun 

should come to a sudden termination, just at a time when its 

importance is beginning to be realised. 

A PHILIPPINE correspondent, writing on May 24 last, informs 

us that the great volcano, Mayon, in the south of the Island of 

Luzon, is in eruption. He remarks :—‘‘I tried the ascent, and 

climbed to about 5005 feet, when incandescent stones and ashes 
obliged me to come quickly down. I crossed a patch of forest 

—Litsea verticillata, Myrica vidaliana, and Vaccinium abun- 

dant—half burnt and covered with ashes. The sight was mag- 

nificent, but not much botanical work to be done there. I never 

saw anything like it as a sublime scene of devastation ; ashes 
and stones and smoke everywhere, and a fearful noise like heavy 
artillery all around.” ALyrica vidaliana, it may be remembered, 

was described only about a year ago, from specimens collected 

at this very spot. At present it has not been found elsewhere, 
though it probably exists on other volcanic peaks in the island. 

THE Melbourne Argus of June II gives some particulars of the 
eruption of Mount Tarawera, in New Zealand, which was 
briefly reported by telegram. The first news of the outbreak 
was received at Auckland from the telegraphist at Rotorua on 

the morning of June 10. He said :—‘‘ We have all passed a 

fearful night here. The earth has been in a continual quake 
since midnight. At 2.10 a.m. there was a heavy quake and a 
fearful roar, which made every one run out of their houses. A 

grand yet terrible sight for those so near as we were presented 

itself. Mount Tarawera, close to Lake Rotomahana, suddenly 
became an active volcano, belching out fire and lava to a great 

height. The eruption appears to have extended itself to several 
places southward. A dense mass of ashes came pouring down 

here at 4 a.m., accompanied by a suffocating smell as from the 
lower regions. An immense black cloud, which extended in a 
line from Tapeka to Pairoa Mountain, was one continued mass 
of electricity all night, and is still the same. The thunder-like 
roaring of three or four craters, the stench, and the continual 

quaking of the earth, had the effect of completely frightening 
people.” Things became so threatening that the telegraphist 
deemed it prudent to abandon his post; but he afterwards 
returned, At Wairoa the schoolhouse was fired by the light- 
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ning and smothered in mud and stones, and two hotels were 
reduced to ruins. Twenty bodies were recovered. For about 

six miles north of Te Awamutu the whole of the surrounding 

country was covered with blue mud 3 feet deep. It was re- 

ported that all Rotomahana had disappeared. Many natives 

lost their lives; but the exact number is not known. The 

sounds of the explosion were heard at Hamilton, about eighty 
miles distant, early in the morning. They were like great guns 
at sea. The windows of houses in Hamilton were shaken. At 
Maketu there was darkness until 10 a.m. The earthquakes 

lasted from 2.30 a.m. till 8.15, with very strong lightning and 
earth-currents. Four volcanoes were going at Wairoa, The 

Tikitapu bush has been uprooted. All the country down to 
Tauranga was in total darkness, with thick clouds of sulphurous 

matter and gypsum in the air. The following description of the 
scene was given in a message from Taupo :—“ At 3 a.m. a 

terrific report aroused the sleeping inhabitants of Taupo, when 
an immense glare of a pillar-shaped light was observed to the 
north-north-east. A great black cloud hung over this pillar, 

concave on the under-side, and convex on the upper, whilst 

meteors on all sides shot out from the cloud in every direction, 
shedding an unearthly bluish light. Loud reports, accompanied 
by very heavy shocks of earthquake, followed in quick succes- 
sion, and kept on unul 6 o’clock, when the daylight and the 
clouds of ashes rendered the sight invisible. At 2.15 a.m. the 

two extinct volcanoes of Ruawhai and Tarawera threw an 
immense column of flame and smoke into the heavens. Molten 
lava and hot mud were rained abroad, while huge rocks and 
masses of fire went up and around in all directions. The earth- 
quakes were terrible. Tongariro is quiet. Heavy snow is 

falling on the ranges and the cold is intense. The rumbling 
still continues at Maketu, and dust is still falling. The whole 

country is covered from I to 6 inches with dust.” 

THE series of anthropoid apes at the Zoological Society's 

Gardens at the present time is well worthy of attention. Besides 

“Sally,” the bald-headed chimpanzee (Anthropopithecus calvus), 
which has now been two years in the Regent’s Park, there is a 

second chimpanzee of the ordinary species (4. trog/odytes), which 
enables these two forms to be compared side by side. A young 

orang (S%mza satyrus) has likewise recently arrived, and a white- 

handed gibbon ( //yobates dar), from Malacca, deposited by Mr. 
Dudley Hervey, Resident Councillor of the Straits Settlements, 
exemplifies the third type of the highest division of the Quadru- 
mana. It is much to be wished that the long-talked-of plan of 
building a new compartment by the side of the existing monkey- 
house for the Anthropoids could be carried out. At present 
these highly interesting animals are not very conveniently lodged 

along with the sloths and ant-eaters, on the other side of the 
Gardens. 

THE half-yearly general meeting of the Scottish Meteorological 
Society will be held to-day, when the following papers will be 
read :—‘‘ The Extent of the Areas of the different Mean Annual 
Rainfalls over the Globe,” by Mr. John Murray ; ‘‘ On the Tem- 
perature of the Water in the Firth of Clyde and connected 
Lochs,” by Dr. Hugh Robert Mill, F.R.S.E. 

Mr. FRANK E. BEDDARD, Prosector of the Zoological Society, 
has been appointed Lecturer on Biology at Guy’s Hospital. 

ACCORDING to the programme of the approaching celebration 

of the 500th anniversary of the foundation of Heidelberg Uni- 

versity, a grand historical procession designed and to be per- 

sonally directed by Prof. Carl Hoff, of the Karlsruhe School of 
Art, will march through the town on August 6, starting at 
ga.m. More than goo persons with 300 horses and 14 state 

coaches will take part in the procession, which is to give a pic- 

torial representation of the five centuries which have succeeded 

the foundation of the University, and to comprise the following 
groups :—(a) Founding of the University by Elector Ruprecht I., 

1386; (4) public entry of Frederich the Conqueror after the 

battle of Seckenheim, 1462; (c) nurture of science and art by 

Elector Otto Heinrich, 1556-59 ; (@) life among the people of 
the Merry Palatinate at the end of the 16th century : procession 

illustrating the vintage of the Palatinate; (e) entry of the 

Elector Frederick V. with his consort, Elizabeth of England, 

June 17, 1613 ; (f) Bohemian Embassy, 1619; (g) time of the 

Thirty Years’ War (1618-48), and of the War of the Orleans 
Succession (1688-97) ; (Z) Elector Karl Ludwig, with retinue, 

1632-80 ; (2) time of the Elector Karl Philipp, 1716-42: hunt- 

ing cavalcade ; (£) Elector Karl Theodor, 1742-99 ; (7) Restora- 

tion of the University by Karl Friedrich of Baden, 1803: the 
students of the nineteenth century ; (7) the Burschenschaften ; 

(72) the Corps ; (c) the new German Empire. Judging by the ar- 
rangements now nearly completed, the procession may be expected 

to surpass all previous exhibitions of the kind in the splendour of 
its equipage and the historical truth of its representation, 

which will be carried into even its minutest details. For the 

sake of a proper view of the procession, stands are to be erected at 
all convenient points along the line of the procession, and the sale 

of tickets for the numbered seats of the stands has already begun. 

A plan of the procession, issued by the firm Koester, Heidelberg, 

(price 20 Pfennige) shows the arrangement of the stands, with 
the prices of the various seats, and gives information respecting 
hotel accommodation, &c. A very considerable number of 

lodgings, we learn, have already been engaged by strangers 

intending to be present at the ceremonies connected with the 

celebration. All intending visitors who have not yet secured 
accommodation in respect of board and lodging are invited to 
make early application to the Commission specially appointed 
for the negotiation of such business—Wohnungs Commission, 
Rathhaus, Heidelberg. Beds are still to be had at the moderate 
price of 15 marks for the whole term of the celebration, while 
hotel-keepers, &c., have publicly engaged to keep their prices 
within strictly reasonable limits. 

At the Conference of the Colonial and Indian Exhibition, 

held on the 3oth ult., Prof. Fream read a paper on ‘‘ Colonial 
Forestry,” dealing with the present condition of forestry in the 
larger colonies. In Canada there is need of conservation and 
of tree-planting, and everything now seems ripe for the esta- 
blishment of a department of forest conservancy in the 
Dominion. In New South Wales such a department is at work 

H under the Ministry of Mines ; in Victoria a considerable area is 

reserved, but even this is not commensurate with the demand 

for timber for industrial purposes. In South Australia, Queens- 

land, and New Zealand, efficient forestry departments exist. In 

Australia and the Cape Colony, English forest trees are being 

successfully cultivated, and ‘‘in all the colonies the reckless 
waste and wanton destruction of former days have given place 

to wise systems of conservancy, such as are worthy of a tree- 

loying people.” 

A series of photographic views from a balloon has been 
taken by M. Nadar, of Paris, whose father, twenty-five years 

ago, was the first to attempt photographing from a balloon, 
with only partial success. The stereotype plates of the views 
taken were presented to the Academy of Sciences at their 
meeting on July 12. 

SEVERAL attempts have lately been made by the Marquis of 
Lorne to transmit live whitefish (Coregonus albus), which have 

been reared by the National Fish Culture Association, to the 

Isle of Mull, where his lordship is endeavouring to acclimatise 
this valuable American species. After several futile attempts 

two consignments of them have reached their destination in 
safety. Great difficulty attends the operation of removing white 
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fish from one place to another. The best carrier for removing 

them in is an ordinary carboy filled to the top with water. Not 
more than fifty specimens of yearling fish should be placed in 
one carrier. Tlie autumn is the best time for transmitting them. 

WE are informed by Mr. W. August Carter, of the Colonial 

and Indian Exhibition Fisheries Section, that a large speci- 
men of asmooth hound, recently imported into the aquarium 
of the Exhibition from Brighton, gave birth last week 

I to ten young ones, this species being viviparous. She 

did not deliver them simultaneously, but two at a time, 
ys 

at intervals of about twenty hours, occupying six days in 
_ yielding the entire number. All the young on appearing were 
perfectly formed, and resembled in every respect their matured 

_ congeners with the exception of the colour of the upper portion 
of the body and fins, which was white throughout instead of 
grey. Unfortunately nine expired shortly after birth, lacking 

_ the conditions necessary to their existence, such as deep water, 

‘] where in their natural state they always repair for six months 

ui during their alevin stage. The remaining fish was devoured by 

its parent, which is in excellent condition and moves actively 

_ around the tank. 

From the report of the Stockholm Observatory for the last 

_ year, we learn that during the year Prof. Gyldeén continued the 

calculations for the development of certain theories respecting the 

chief planets, and that they are so far advanced as to already 
embrace the terms of the first and second orders in relation to 

_ the masses pertaining to the theory for the system Jupiter-Saturn- 
; Uranus. The Astronomer-Royal also continued his lectures on 

theoretical astronomy, chiefly supported by King Oscar, which 
_were attended by several eminent foreign astronomers. Several 
well-known astronomers from Russia and Germany have also 

4 pursued their studies at the observatory during the year, two of 

whom, Drs. Shdanow and Harzer, of Pulkowa, having, as the 

result of the same, published important papers on the astro- 

nomical theory of perturbation. Three more parts of the work, 

“* Astronomical Observations and Researches at the Stockholm 
Observatory,” were issued during the year. 

BEFORE adjourning this summer the Swedish Parliament 
granted a sum of 325/. towards the continuation of the Acta 

Mathematica during the ensuing financial year 1886-87. 

WE have received Nos. 45-47 of the first part, 34-36 of the 
second part, of the well-known and valuable ‘‘ Encyclopedia of 
Natural Sciences,” now in course of publication by the house of 

Eduard Trewendt, of Breslau. The three numbers of the first 

part include the seventeenth number of the ‘‘ Manual of Botany,” 
containing the beginning of an important note by Prof. Oscar 
Drude, of Dresden, on ‘‘ The Systematic and Geographical Ar- 

rangement of the Phanerogams,” illustrated with finely executed 
drawings by the author, and a map. The two other numbers 

belong to the ‘‘ Alphabetical Manual of Zoology, Anthropology, 
and Ethnology,” advancing that work from ‘‘Kalunda” to 
**Landrace.” Nos. 34 and 36 of the second part carry on 
the ‘‘ Alphabetica! Manual of Chemistry ” from ‘‘ Essigsaure ” 
to ‘‘Furfurangruppe.” Of special interest is the excellent 

_work by Dr. R. Nietzki, of Basel, on ‘‘ Organic Colouring Mate- 
rials.” The 35th number, again, brings us nearer to the conclusion 
of the ‘‘ Alphabetical Manual of Mineralogy, Geology, and Palz- 
ontology,” containing, as it does, palseontological contributions 
by Dr. Fr. Rolles—Trias System, Birds, Wanderings of Plants 
and Animals in the Course of Geological Epochs, Mollusks, and 

Worms, as also mineralogical contributions by the Editor. 
The few articles that still remain to be written on geology, inter- 
rupted by the sudden death of Prof. von Lasaulx, will be taken 
up by Prof. Hoernes, of Graz, so that this ‘‘ Handworterbuch ” 
will be completed in the course of this summer. 

THE Prince of Monaco has left Lorinet with his yacht 

Hirondelle to prosecute the series of marine observations begun 

last year. The cruise will be made between Cape Finisterre 

and the English southern coast. Five hundred tubes have been 

prepared, and will be thrown on the sea. They will carry 

printed forms of the same kind described on a former occasion. 
Dredgings and thermometric readings will be made on the bottom 

of the sea. 

THE administration of the Jardin des Plantes of Paris has 

organised an exhibition of the objects collected on the Congo by 
M. Savorgnan de Brazza. 

THE Franco-Algerian telegraph system is being completed to 

Biskra, but the communication between Biskra and Tugurth 

and Dabila oasis, situated at a great distance to the south, is 

kept up by means of the optical telegraph, the sun being utilised 

in daytime, and at night electricity. The optical system will be 
always kept in operation, as it is apprehended that nomads 

might cut the wires. 

THE Kazan Society of Naturalists has issued the fourteenth 

volume of their Memotrs (Trudy), which contains a very inter- 

esting paper, by MM. Stuckenberg and Vysotski, on the Stone 

Age at Kazan. The commencement of a museum of Stone 

Age implements at Kazan was made in 1877, and now it already 

has a first-rate collection, both in the number and variety o 

implements, and M. Zausailo ff is publishing a beautiful atlas of 

drawings representing them. The paper of MM. Stuckenberg 

and Vysotski contains most interesting details as to the places 
where remains of man were found, illustrated by three maps. 
Three different terraces are seen in the valley of the Volga. The 

upper terrace, rising 50 to 150 feet above the second, consists of 
yellow-brownish sandy clay, covering layers of sand. It con- 
tains remains of mammoths and other extinct mammals. The 
second terrace is much more recent ; and it is on its surface, as 

well as on the slopes of the former, and sometimes on the sur- 
face of the third terrace, that the stone implements are found. 

The third terrace, which is still inundated by the Volga, was 
probably almost covered by its waters during the Stone Age. 
All implements found are Neolithic ; that is, they belong to 
what we should ‘call the lacustrine period. As to the imple- 
ments themselves, many of which are figured on the sixteen 

plates which accompany the paper, they have mostly been made 

of the local flint originating from the Permian deposits, A 
few are made of the Eocene sandstone which extends to the 

south of the Kazan Government; and, finally, boulders of 

granite, diorite, gneiss, quartzite, and so on, have also been used 

for the fabrication of some of the hammers. Broken pottery, 
together with bones of horses, oxen, and pigs, accompany the 

stone implements. 

M. PALMIERI, the director of the Vesuvian Observatory, has 
succeeded in exhibiting the negative electricity developed when 
steam is condensed by cold, and positive electricity liberated 

when evaporation takes place. A platinum shell is placed in 
communication with one of the plates of a condenser. The 

golden leaf is separated when a piece of ice is placed in the shell, 
and also when it is full of water if exposed to the rays of the 

sun. The electricity has been proved positive in the first instance, 

and negative in the second. 

Durinc the last few weeks great tracts of the fertile island of 
Seeland, in Denmark, have been devastated by maybugs, whole 

fields and meadows having been laid quite bare. Last year the 

damage done was very great, but this year it is far worse, being 

estimated at some 25,000/. The distress among farmers is in 

consequence very great. 

A MIRAGE was observed at Algiers prior to the outbreak of the 
destructive thunderstorm which broke over the city on the 7th 
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inst. 

sharply cut rock of granite at its extremity. The temperature 

was 43°°2 C. in the shade, showing that the air above the sea | 

was very hot, and that the explanation of the phenomenon is to 

be found in the same causes as those determining a mirage in 
the Sahara. The lowering of the temperature was very rapid, 
falling as muchas 2° C. at Bouzarcah Observatory. The 7th 

inst. was the hottest day that has yet been felt there this season. 
Lightning struck the Government barrack at Mustapha, and 

ignited piles of hay, inflictins damage to the extent of 4000/. 

THE additions to the Zoological Society’s Gardens during the 

past week include a Khesus Monkey (Aacacus rhesus) from 
India, presented by Mr. F. W. Steward ; a Ring-tailed Lemur 

(Lemus catta) from Madagascar, presented by Mrs. Collcutt ; 

six Prairie Marmots (Cy zomys ludovictanus) from North America, 

presented by Mr. F. J. Thompson ; two Common Foxes (Canis 

vulpes) from Russia, presented by Mr. Harrison Cripps, 

F.R.C.P.; a Common Rhea (Rhea americana) from South 

America, presented by Mr. J. W. Bell; four Red-bellied 

Squirrels (Sezerws variegatus) from Trinidad, presented by Mr. 
R. J. Lichmere Guppy; two Peba Armadillos (Zatusia pea) 
from South America, presented by Mr. J. Clements ; a Greater 

Black-backed Gull (Zavus marinus), British, presented by Mr. 

Henry Stevens, M.D. ; twenty-four Sand-Lizards (Lacerta agilis), 

a Slowworm (dA xguis fragilis), a Common Snake (7rapidonotus 
natrix) from Germany, presented by Mr. S. Schaefer; two 

Sarus Cranes (Gras antigonz) from North India, eight European 

Tree Frogs (/fyla arborea) from Germany, purchased ; two 

Long-fronted Gerbilles (Gerbillus longifrens), an Elliot’s Pheasant 
(Piasianus elliott), a Bronze-winged Dove (Phafs chalcoptera), 

Cape Matifan appeared from Algiers close at hand with a | 

a Barred-shouldered Dove (Geoseltia humeralis), bred in the | 

Gardens. 

OUR ASTRONOMICAL COLUMN 

SCHULHOF’s RESEARCHES ON THE ORBIT OF COMET 1873 
VII. (CoGGiA—WINNECKE).—The elements of Comet 1873 
VIL. bear a certain resemblance to those of Comet 1818 I., which 
was observed by Pons. Prof. Weiss asserts the identity of these 
two comets, and adopts sixty-two years as the most probable 
value of the period ofrevolution. Inthe Bulletin Astronomi jue, 
tome ili. p. 125 ef seg. M. L. Schulhof has published a most 
exhaustive discussion of the orbit of Comet 1873 VIL, and has 
gone into the question of its possible identity with 1818 I., as 
well as with 1457 I. (the observations of which by Toscanelli 
have recently been discussed by Prof. Celoria) in a most 
thorough manner. The opinion which he expresses, with some 
reserve, as the result of his investigations, is that the Comets 
1873 VII. and r8r8 I. are distinct bodies with a short period of 
revolution, having a common origin. The Comet 1457 I. is 
probably identical with 1873 VIL, but it is also possible that 
the two comets, 1873 VII. and 1818 I. are fragments of 1457 L., 
which must have been a much more conspicuous object than 
either of them, to have been seen by Toscanelli and by the | 
Chinese with the naked eye. 

SOLAR ACTIVITY DURING THE First HALF oF 1886.—The | 
numbers and areas of sunspots have shown upon the whole a 
decided falling off during the past half-year as compared with 
the last six months of 1885, although no month of the present 
year has shown so low a daily average as December 1885. 
‘There has been, however, a steady increase in the number of 
days on which the sun’s disk was free from spots, one side of 
the sun being, on the average, much less spotted than the other, 
causing an apparent short period in the variation of the spotted 
area, of about a synodic rotation of the sun in duration. The 
month in which the mean daily number of sunspots was least 
was February ; that in which it was most was March. An 
exceedingly fine group was observed on May 8. 

Prominences have shown fewer fluctuations in their numbers 
and size, but have been fully one-fourth less numerous on the 
average than in 1885. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 ¥ULY 25-31 

(FOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 
At Greenwich on Fuly 25 

Sun rises, 4h. 15m.; souths, 12h. 6m. 14°6s. ; sets, 19h. 57m. ; 
decl. on meridian, 19° 38' N.: Sidereal Time at Sunset, 
16h. 11m. 

Moon (one day after Last Quarter) rises, 23h. 35m.*; souths, 
6h. 39m. ; sets, 13h. 54m. ; decl. on meridian, 11° 23’ N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. . m ha 4 

Mercury 6 50 13) 400. eeOud2 10, GN say 
Vienusiss heel lei 9 40 17 55 22 22 N. 
Mars 10 59 16 35 22 EI coe Sm ESS 
Jupiter... 9 47 554s een 20 I oO 32 N. 
Satum=. =) 2.43 Io 51 . 18 59 22) D5 Nee 

* Indicates that the rising is that of the preceding evening. 

Occultations of Stars by the Moon (visible at Greenwich) 

Corresponding 
angles from ver- 

July Star Mag. Disap. Reap. “tay to right for 

inverted image 
h. m. h. m. Ol 7 

27) 22: (85 qbaliniwes: 220 O 4.2, 049 go 224 
27 2; G Maur Sct, seh) ay toh Bas Ry ZG) 10 297 
27 ... oO) Laur... as. 54) --. 3) 23, Beat approachins 54am 

July h. 
25 5 ... Mercury at greatest distance from the Sun. 
28 22... Venus in conjunction with and o° 6’ south 

of « Geminorum. 
28 23 Venus in conjunction with and 3° 46’ north © 

of the Moon. 

Variable Stars 
Star R.A. Decl. 

| Ing tens yh h. m. 
U Cephei ... o 52:2... 81 16 N.... July 28, 22 51 m 
Algol 3 0'8 ... 40.31 Nis... 5, 28) saan 

»» 30, 22 36 m 
5 Libra ae SEAN SASO. cam Bde O.ar oy) gly Ske eee 
Ry SCorpliy ys. meee LOL OLOh 5.8224 OLS es mee Le iM | 
U Ophiuchi... 17 10:8 .:. 1 20 Ns 3). 27) 23,52 7 
W Sagittarii 17°57°8.... 20 35S. -c- 53, 2OymOmmummE 
B Lyre... 18: 45:9... 33 14. N.... 5, 20; 92eeOmae j 
n Aquilz . 19 46°7~.. "© 43 N...5 %; 25; summer 
5 Cephei | 22 24°90... 57 50N.... ,, 25, 21 3047 

M signifies maximum ; 7 minimum ; 7, secondary minimum. 

Meteor Showers ; 
The principal shower is that of the Aguarids, maximum — 

July 28; radiant R.A. 340°, Decl. 13° S. Other showers are as 
follows :—The Andromedes (I.), R.A. 8°, Decl. 36° N. ; near 
x Persei, R.A. 32°, Decl. 53° N. ; near 8 Urs Majoris, R-A.” 
165°, Decl. 53° N. ; and near the Pole, R.A. 300°, Decl. 87° N. 

ON LAYING THE DUST IN MINES 

eS a paper recently contributed to the South Wales Institute 
of Engineers,! Mr. Archibald Hood, the President, says :— 

““Tt was probably first suggested by Faraday and Lyell about 
the year 1845 that coal-dust was in some way inflammable. 
This idea was subsequently set forth by several French 
engineers, but all that was done previous to the year 1875 bears — 
the same relation to subsequent demonstrations as the steam- 
engine of Hero of Alexandria bears to the steam-engine of the 
nineteenth century.” 
Assuming Mr. Hood's date to mark correctly the commencement 

of the real battle between the new theory and its predecessors, 
it cannot surely be urged that the period of ten years which has 
since elapsed has been too long wherein to destroy the vast herd 
of previously existing chimeras, and to introduce and establish a 
new and different order of ideas. Doubtless the result attained 
up to the present has been prodigiously accelerated by the labours” 
of the Royal Commission on Accidents in Mines, and of the 

**<On the Watering of Dusty Mines.” The South Wales Institute of 
Engineers, March 18, 1886. : 
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similarly constituted bodies in France and Germany, all of which 
have been called into existence and have completed their labours 
within the period named. Indeed, scarcely had the ink with 
which the English Report was written been dry when the Home 
Office introduced a new Mines’ Regulation Bill which provides, 
amongst other things, that ‘* /7 all ary and dusty mines the air- 
ways and travelling roads are t be kept clear of dust OR well 
watered, and a shot is not to be fired until the place and that near 
it is clearet of dust and then weil watered” (‘‘Mining Journal” ). 

The crudeness of the idea embodied in the first alternative, 
which appears to contemplate the possibility of removing the 
dust from roadways and airways without the simultaneous use of 
water, reminds one of an incident of the interview between 
Christian and the Interpreter (‘‘ Pilgrim’s Progress ”) :— 

“*Then he took him by the hand and led him intoa very large 
parlour that was full of dust because never swept ; the which, 
after he had reviewed it a little while, the Interpreter called for 
aman to sweep. Now when he began to sweep the dust began 
so abundantly to fly about that Christian had almost therewith 
been choked. Then said the Interpreter to a damsel that stood 
by, ‘ Bring hither water and sprinkle the room,’ the which, when 
she had done, it was swept and cleansed with pleasure.” 

It has all the appearance of being a compromise between effi- 
ciency on the one hand and ignorance or prejudice on the other, 
and closely resembles, in this respect, the first General Rule of the 
Act for the Regulation and Inspection of Mines, 1860 (23 and 24 
Vic., cap. 151), according to whicha mine was required to be ven- 
tilated only in such a way as to be safe wnder ordinary circum- 
stances. But just as these qualifying words were found to be a 
cloak for all kinds of inefficiency in the matter of ventilation, and 
had to be ultimately expunged after a twelve years’ trial, so we 
venture to predict will this other unscientific alternative, if passed 
into law, cause endless trouble and disaster, and require to be 
similarly dealt with at some future time. 

To lay the dust sufficiently well to prevent the spread of an 
explosion requires a much smaller quantity of water than appears 
to be generally supposed. 

This has been stated more or less directly several times in 
describing the results of coal-dust experiments ; but it was 
very clearly brought out in the examination of the workings of 
Pochin Colliery, in Monmouthshire, after the great explosion in 
November 1884. The flame whichin that case had all but filled 
the mine, and had penetrated into the remotest parts of three 
districts of workings ventilated by separate air-currents, was found 
to have been arrested by aslight dampness on one of the roadways 
leading to several working places. A cask conveying water from 
a dip place to a point more conyenient to the pumps was hauled 
along this roadway four times every twenty-four hours, and it was 
stated by the manager of the colliery at the time that the dampness 

~ in question was due simply to accidental leakages from this cask 
and not to any intentional application of water for the purpose of 
laying the dust. At the inquest on Mardy explosion also, in 
January last, it was pointed out that a similar accidental or irre- 
gular system of watering appeared to have stopped the flame in 
four different directions, and to have saved the lives of many of 
the workmen (Western Mail, January 21, 1886). 

Systematic watering with the avowed object of preventing the 
spread of explo-ions has hitherto been practised in very few col- 
lieries in this country. Llwynypia Colliery in the Rhondda 
Valley is a notable exception. Soon after the earliest coal-dust 
experiments had been made there in 1875 the intelligent pro- 
prietors and manager constructed a number of water-tanks on 
wheels, each provided with a perforated pipe at the back like 
an ordinary watering cart. Some of these were intended 
to be drawn by horses along the less frequented roadways, others 
to be attached to the trains of waggons which are drawn along 
the underground railways by means of wire ropes actuated by 
engine-power. The result of watering by this means was satis- 
factory and remarkable. The whole mine became cooler and 
more pleasant to live in. The dust, as such, disappeared not only 
from the floor of the roadways but also from the timbers and 
from the ledges formed by the irregular projections in the side- 
walls, and became consolidated intoa firm, compact, and slightly 
humid mass under foot. 

On their first arrival in this country in 1880, MM. Pernolet and 
Aguillon, who were sent by the Commission du Grisou to study 

_ the state of the English mines, expressed the opinion then gener- } 
ally held, that watering the floor of a dry mine would leave 
ample supplies of dust on the timbers and side-walls to carry on 
an explosion once begun. But after seeing the actual results in 

Llwynypia Colliery with their own eyes they altered their views 
considerably, as will appear from the following extract from their 
Report, which describes this incident of their visit :— 

“ Ainst, d Lhuynypia, or les chantiers se développent jusqwe 
1500 metres du puits, ef ot Vextraction est de 550 tonnes par jour 
avec un seul poste, il suffit par jour de 5 wagons a’une capacité 
dun demi-méitre cube, soit de 4°500m. d'eau. Nous avons pu 
constater gue les galeries daient partout trés pr opres et Vatmosphére 
bres épurée, bien que celle mine passat auparavant pour une de 
cell-s ott l’atmosphére était le plus chargée et le botsage le plus 
recouvert de pousstores.”! 

About a year and a half ago the Home Office began unex- 
pectedly to prosecute the managers of a few widely separated 
mines in different parts of the country for firing blasting shots 
while the men ordinarily employed were underground. The 
practice of blasting under these conditions had been going on un- 
challenged ever since the passing of the Coal Mines’ Regulation 
Act, 1872, and it was with a feeling somewhat akin to conster- 
nation that the colliery owners viewed the new reading then for 
the first time seriously sought to be attached to part of one of the 
General Rules. The manager of the Standard Steam Coal Colliery 
in South Wales was selected out of hundreds of others in the same 
predicament, and a prosecution against him was begun. The 
colliery owners of the district rallied round the Monmouthshire 
and South Wales Collieries’ As:ociation, and undertook the 
defence. Happily, however, for the ends of justice, as well 
perhaps as for the cause of science, the case soon became involved 
in a whirlpool of legal formalities from which, as far as present 
appearances go, it is little likely to escape until after the passing 
of the new Mines’ Bill. 

During the earlier stages of this prosecution the representatives 
and advisers of the owners met the Inspector of Mines for the 
district (the late Mr. T. E. Wales) and asked him to represent to 
the Home Office that they were prepared immediately to submit to 
anew rule compelling them to water their mines systematically if 
the objectionable interpretation of the shot-firing rule were with- 
drawn. At the same time they expressed the opinion that the 
rule they were themselves proposing would afford a real protec- 
tion to the lives of the miners, and that the one they desired to be 
superseded had been founded upon a misapprehension of the true 
causes of explosions. This intelligent proposal was, however, 
allowed to fall to the ground, and the Juggernaut of office rolled 
on its ponderous and relentless course. 

Where simple tanks on wheels are difficult or expensive to 
manipulate, they may be advantageously replaced by a system of 
pipes bringing water from the surface, or from a reservoir at a 
convenient height in the shaft, and distributing it at different 
points of the workings, in the form of a fine spray. This 
arrangement has been successfully applied both at Llwynypia and 
Standard Collieries. At the latter colliery the pressure of water 
at the bottom of the shaft is regulated to fifty pounds on the 
square inch. The water pipes, which are one inch and a half 
in diameter, lie on the floor at one side of the roadway, or are 
supported on timber as the case may be. At distances of fifty 
yards apart upright branch pipes rise vertically from the main to: 
a height of about four feet, each provided with a leaden plug 
with one minute hole. The jets of water are directed horizontally 
across the roadway, and the spray is carried along in the air- 
current, moistening the floor, more or less, all the way from one 
jet to the next. The cost of first establishment is stated to be 
about 5/. per hundred yards, and the cost of maintenance 
to be almost z7/. 

If the dew-point of the air entering a mine were by any 
simple means raised to the normal temperature of the strata 
in which the workings are situated, it is obvious that no sys- 
tem of watering would be necessary, and that any desirable 
degree of dampness could be maintained in the roadways. 
The only objection to this method is, that it would necessitate 
raising the general temperature of all dry mines. 

A slight dampness, such as that which prevails in shallow 
mines at all times, is sufficient to lay the dust effectually ; and 
it is highly probable that, so soon as anything approaching this. 
condition is maintained also in deep mines, we shall have heard 
the very last of ‘‘ Great Colliery Explosions.” 

W. GALLOWAY 

I P. 287, ‘‘ Exploitation et Réglementation des Mines 4 Grisou en Bel- 
gique, en Angleterre et en Allemagne.’’ Rapport de Mission fait 4 la 
Commiss.on chargée de l'étude des moyens propres 4 prévenir les explosions 
de grisou dans les Houilléres, par MM. A. Pernolet et L. Aguillon, 
“Angleterre.” Paris, 1881. 
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THE SUN AND STARS‘ 

IX, 

L>tT us consider the case, then, on the supposition of small 
masses of matter. Where are we to find them? The 

answer is easy ;—in those small meteoric masses which an ever- 
increasing mass of evidence tends to show occupy all the realms 
of space. 

In connection with this, perhaps I may be permitted to quote 
the following from one of my ‘‘ Manchester Lectures ” :— 

‘There is one point to which I think I may be permitted to 
draw your attention, although at present it rests merely upon an 
unindorsed observation of my own. I thought it would be 
worth while to try what would happen if I inclosed specimens of 
meteorites, taken at random, in a tube from which I subse- 
quently exhausted the air by a pump. After the pumping had 
gone on for some considerable time, of course we got an 
approach to a vacuum ; and arrangements were made by means 
of which an electric spark could pass along this apparent 
vacuum, and give us the spectra of the gases evolved from the 
meteorites. Taking those precautions which are generally sup- 
posed to give us a spark of low temperature, and passing the 
current, we got a luminous effect which, on being analysed by 
the spectroscope, gave us that same spectrum of hydrocarbon 
which Mr, Huggins, Donati, and others have made us perfectly 
familiar with as the spectrum of the head of a comet. ‘There, 
then, we get the atmosphere of meteorites, not necessarily car- 
bonaceous meteorites, but meteorites taken at random ; and this 
atmosphere is exactly what we get in the head of a comet. 

‘* Now let me go one step further ; and to take that step with 
advantage, allow me to refer to another point, . . . that whereas 
Schiaparelli has connected meteorites and falling stars with 
comets, Profs. Tait and Thomson, on the other hand, have con- 
nected comets with nebulz, both of them being, according to 
tho:e physicists, clouds of stones. Now how has one to carry 
these spectroscopic observations into the region of the nébule ? 
A Leyden jar was included in the circuit, and we had what is 
generally supposed to be an electric current giving us a very 
much higher temperature than we had before. What, then, was 
the spectrum? The spectrum, so far as the known lines were 
concerned, was the spectrum which we get from the nebulz ; 
for the hydrocarbon * spectrum, which we get from the atmo- 
spheric meteorites at a low temperature, was replaced by the 
spectrum of hydrogen; the spectrum of hydrogen coming, of 
course, from the decomposition of the hydrocarbon, with the 
curious, but at present unexplained, fact that we got the spec- 
trum indications of hydrogen without indications of carbon. In 
my laboratory work I have come across other curious cases in 
which compound vapours, when dissociated, only gave us one 
spectrum at a time—by which I mean that in a vapour consist- 
ing of two well-known substances, under one condition we only 
get the spectrum of one substance, and under another condition 
we get the spectrum of the other substance alone ; so in others, 
again, of both combined. The evidence seems, therefore— 
though I do not profess to speak with certainty—entirely in 
favour of the ideas of Sir William Thomson and Prof, Tait on 
the one hand, and of Schiaparelli on the other,” 

I have given the above extract to show that a mass of meteor- 
ites at a temperature higher than that found to exist in a comet's 
head could give us the hydrogen spectrum which was discovered 
with such richness in the Mova, which is represented in the 
spectra of most nebula, and which remained in the spectra of the 
Nova after all the other lines had gone. { 

These considerations enhance the interest of the ova to the 
spectroscopist if we accept the bright line observed in the star by 
Dr. Copeland and others to be veritably the chief nebula line. 

This line brightened relatively with each decrease in the 
brilliancy of the hydrogen lines. On December 8, 1876, it was 
much fainter than F, while by March 2, 1877, F was a mere 
ghost by the side of it. On any probable supposition the tem- 
perature must have been higher at the former date. 
Now it is well known that within certain limits the lines in 

the spectrum of a compound body get brighter with decrease of 
temperature, because at the higher one the compound almost 
entirely ceases to exist as such, and we get the lines of its con- 
stituents. It is a fair theory then to suggest that the famous 

* A Course of Lectures to Working Men delivered by J. Norman Lockyer, 
F.R.S., at the Museum of Practical Geology. Revised from shorthand 
notes. Continued from p. 230. 

* The Lectures from which I am quoting were delivered many years ago, 
before the spectrum was recognised to belong to carbon. 

nebula line may belong to acompound. Nay the fact as it stands 
alone further points to the possibility that the compound in 
question contains hydrogen as one of its constituents. 

At present we know very little indeed about these new stars. 
The star which appeared last year in the nebula in Andromeda 
is, 1f possible, still more difficult to understand, because, although 
it was so near the centre of the nebula in apparent position, we 
do not know that it was near the nebula locally, or whether it 
was simply in the line of sight. Therefore the views with regard 
to that star are much complicated by the fact that it is uncertain 
whether it was associated with a nebula. It may have had nothing 
to do with it. I have received this morning from Paris a photo- 
graph taken by the Brothers Henry, who are working now at the 
Paris Observatory, recording the very interesting discovery that 
apparently growing out of the side of one of the stars of the 
Pleiades is a real nebula. Those of you who remember the 
photographs of the corona during different eclipses will imagine 
that there may be some connection between this star and the 
surrounding nebula. Now it seems certain that there is some 
connection between this star and the nebula, and it may be that, 
in fact, what we call nebula in this case is a very considerable 
expansion of the star’s coronal atmosphere. So obvious is that 
suggestion, that I spent last night in trying to observe its spec- 
trum. The fog was too much for me, but still, although there was 
very little light, it did look very much as if there were some bright 
lines in the bright part of the spectrum of the star. And if that 
is so, it will not only show you the possible connection of the 
nebula in Andromeda with the new star in Andromeda, but it 
also shows you the importance of the question of area which I 
brought before you in the previous part of the lecture, if the 
bright lines we got are due, not to the star itself, but to the 
incandescent area which surrounds it. 

Finally, then, with regard to the new stars generally. That 
they are stars in our sense is, I think, quite impossible. Some 
of them, you know, lose their brilliancy in a very few weeks. 
Now we know that any body like the star which we are most 
familiar with—our sun—if ever it got to a sufficient degree of 
temperature to increase its light ten or twenty times, would not 
lose its temperature in ten or twenty days, or ten or twenty years, 
or ten or twenty thousand years, so that the more rapidly any of 
these bodies cool down, the less likely is it that the bodies which 
cool down haye any considerable mass. 

So obvious was that that on the appearance of the star in 1866 
I made the suggestion, as I have said, that the body which 
gave us this light might be quite close to us. Well that was 
negatived. It was found that it was not—that it was at a stellar 
distance—that it was no more possible to tell its distance than 
it was that of an ordinary star. 
We are driven then to the conclusion that, as we must account 

for a tremendous increase of light, and we know that this light 
was produced at a very great distance, and that one very large 
mass cannot be in question, we must distribute the light among 
a great many masses—the idea of a collision between two stars 
must give way to the idea of some action of a meteor-swarm in 
the case of a star already existing, like T Coronz, and of a 
collision between two meteor-swarms in the case of a new one 
like that of 1876; that seems a possible explanation of a great 
many of these ‘‘stars””—the components of meteor-streams driven 
to incandescence supplying that light in consequence of the in- 
numerable multitude of their components, the light dying out 
very quickly because these innumerable components are small 
and far apart. 

The next order of variable stars to which I shall refer you is 
very well represented by 8 Lyre. The curious point about this 
star is that it has a double minimum. Another star, » Argus, 
with a bright line spectrum, is also remarkable from the fact 
that its maximum varies in the same sort of way. 

In this star we get a number of differences. If you start from 
the maximum of the star you find it of three-and-a-quarter mag- 
nitude. It then in three-and-a-half days goes down to four-and- 
a-quarter. It then goes up so that in about six days it gets 
back again to its original brilliancy. It then goes down again, 
but does not stop where it did before, but goes half a magnitude 
lower, and then at last it ends the sequence of phenomena by 
getting up to its original brightness in thirteen days. 

Now, although we cannot explain how it is, we have the fact that 
a curve of that kind is associated with a bright line spectrum. In 
n Argiis, one of the most remarkable stars in the heavens, we have 
very much the same conditions. This star is in the southern hemi- 
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sphere, and during the last twenty or thirty years a considerable 
discussion has been going on among astronomers as to whether 
the surrounding nebula is or is not changing its position with 
regard to the star. Now what happens to the star? I may 
tell you that the curve is only a rough one. But still you see 
the point fairly enough. This is, that this star, which has a bright 

line spectrum like 8 Lyre, has a period not of thirteen days, but 
of seventy years. We find that the star, which is at first possibly 
below a sixth magnitude star, rises up to the first magnitude, but 

then goes down to the second, and soon. ‘The curve shows a 

period of seventy years, the curve being very irregular. 
The third and fourth classes, so far as we can see, resemble 

Fic. 27.—Light curve of 8 Lyre. 

our sun. The curves suggest that of the sun’s spot period, when 
we can make anything out of them at all. 

But when we come to another class, in which we get a large | 
light change in one period, there is one star, the history of which 
is so extraordinary that it is quite worth while to throw its light 
curve on the screen, It is called Mira, or the Marvellous. It visible as a star of the tenth magnitude, 

1 

is in the constellation of the Whale, and what happens to it in 
just a little less than a year is this. First it is of the second 
magnitude, and then in about eighty days it descends to the 
tenth magnitude, and then, so far as the observations have gone, 
it is invisible. In about another hundred days it againf'becomes 

It then increases its 

Fic. 

lizht to the second magnitude, and begins the story over again. 
But sometimes at the maximum its brilliancy is not quite constant. | 
That is to say, sometimes it goes nearer the first magnitude than 
the second. What happens to the light of the star below the 
tenth magnitude it is impossible to say. Whether it follows 
more nearly either of the dotted curves in the diagram is not | 

known. 
made, because it is very difficult to observe a star under those 
conditions. What one knows is that it remains invisible for about 
140 days or something like that, and then it begins its cycle over 
again. 

28.—Light curve of Mira. 

Below the tenth magnitude no observations have been 

The next diagram illustrates the last conditions of, variability, 
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the class of stars in which, if you remember, I told you that the 

variability probably did not depend upon the star itself, but 
upon its surroundings ; and this is the famous star Algol, which 

is always visible in our latitudes. The history of the light changes 

of Algol is this. If we take the beginning of a cycle it is a star 

of the second magnitude. Suddenly in three hours it goes down 
to the fourth, and then it comes up in another three hours to the 
second, and goes on again for very nearly three days ; and then 
it goes down again, comes up again, and goes on again for 
another three days, and so on, The diagram shows the exact 

lel 

Fic. 29.—Light curve of Algol. 

hape of the light curve as d it has been determined by Prof. 
Pickering, dividing the light into a thousand parts. 

Fic. 30.—Plan and section of the orbit of the Companion of Algol. 

There is another star very like this—a star which is in 81° N. 
declination, No, 25 in a well-known Catalogue. The difference 

| the dark body it eclipses the light body. 

between Algol and this is that the rise and fall are a little more 
rapid. Its light is feeble for about the same time as the other 
one, but at the bottom the curve is flat, by which I mean that, 
instead of going suddenly down and coming suddenly up again, 

| it stops at its least luminosity for some little time. 
Prof. Pickering has shown, I think, beyond all reasonable 

oubt that what is happening is this. If we take this diagram to 
epresent in plan a large star giving out light, and B, Cc, D, 
=, F represent also in plan different positions of a dark body 

( 
1 

I 
| revolving round that central star; and then if you take the 

t hing in section, so that the star and its satellite are repre- 
ented as they really are in the plane which joins the earth 
and the star, you will see that in one part of the revolution of 

5 Now, a further inyes- 
tigation of those conditions in the case of the second star has 
shown that there must be a total eclipse, and therefore Prof. 
‘ickering draws the conclusion that in the former case the light 

of the body which revolves round the central one may be con- 
sidered as 27/—that is to say, that it isa dark body ; but that in 
the case of the star D. 25—81° N.—there must be lumin- 
osity from the star which eclipses the other. Anda very beautiful 
justification of that has recently been noted, because, although 
there is no change in the spectrum of Algol, there is a consider- 
able change in the spectrum of that star the bottom curve of which 
is flat, showing that probably the companion has a large coronal 
atmosphere, and that the light of the central star has to pass 
nrough it. The light of the composite star practically changes 

from green to red very much as our sunlight would change if it 
had to pass through the atmosphere of another sun like itself 
coming between us. 

I have prepared two or three other notes with regard to those 
special matters touching the stars which depend upon their 
distances, to show you that our sun, after all, is a small star— 
that there are several suns in the universe near enough to us to 
have had their distances already determined, which are consider- 
ably more brilliant and more imposing in every way than the 
star which is near us. But the clock tells me that I must leave all 
that to some other time, and I now end the course by thanking 
you very much for the indulgence that you have shown me in 
listening to what I have been able to tell you with regard to the 
constitution of our central body, and to the application of the 
knowledge which we have got in that way to an endeavour to 
cull some of the secrets of the physical construction of those 
suns which are very much farther removed from our ken, 

J. NorRMAN LOCKYER 

y, 
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SOCIETIES AND ACADEMIES 

LONDON 

Physical Society, June 26.—Prof. W. E. Ayrton, F.R.S., 
Vice-President, in the chair.—Mr. E. M. Langley was elected 
a Member of the Society. —The following communications were 
read :—On certain sources of error in connection with experi- 
ments on torsional vibrations, by Mr. Herbert Tomlinson. 
During a long series of researches on the torsional elasticity and 
internal friction of metals, the author has come across the fol- 
lowing sources of error in connection with torsional vibrations. 
In some of the earlier experiments a horizontal brass bar was 
suspended by a wire and oscillated, the times of oscillation 
being observed by the ordinary lamp, mirror, and scale. The 
moment of inertia was varied by sliding two brass cylinders, 
suspended from the bar by fine wires, backwards and forwards 
along it. It was then found that under certain conditions the 
bar executed a few vibrations of rapidly decreasing amplitude, 
came to rest, and then commenced to swing again, the ampli- 
tude increasing to a maximum, again decreasing, and so on. 
This effect was finally traced to an approach to synchronism 
between the time of oscillation of the bar and that of the 
small cylinders about their axes of suspension, the absorption 
of energy being due to these being set in vibration. The effect 
entirely disappeared upon clamping the cylinders rapidly to the 
bar. On another occasion, however, the old phenomenon re- 
appeared, and after much time spent in investigating it, was 

_ found to be due toa somewhat similar cause, a near approach 
to synchronism between the periods of torsional and pendulous 
vibrations. If the axis of the wire passed accurately through the 
centre of mass of the vibrator, this would not occur ; and this condi- 
tion it is practically impossible to fulfil. Another source of error 
lies in the fact that, in a wire recently suspended, the torsional 
vibration-period will always be found to be slightly greater than 
when it has been suspended for some time and frequently oscil- 
lated. —On a mode of driving electric tuning-forks, by Prof. S. 
P. Thompson. It is invariably found that the frequency of an 
electrically maintained fork is continually changing. This great 
inconvenience the author believes to be due to the fact that the 
impulses are given to the prongs at a disadvantageous moment, 
namely, when they are at the extremities of their swings. It is 
desirable that the impulse should be given at the middle of the 
swing, and to effect this it is suggested that each fork should 
make and break the circuit of the magnet influencing the other 
one, and it was shown how the electrical connections could be 
made to effect this in a simple manner.—Prof. Silvanus P. 
Thompson then read some further notes on the formulz of the 
electro-magnet and of the dynamo. The author pointed out that 

_a misapprehension of his former paper on this subject had given 
rise to certain critical remarks by Dr. O. Frohlich, to which he 
replied. The author also explained the new form given recently 
by Dr. Frohlich to the formula of the electro-magnet, rendering 
I much more readily applicable to the various equations of 
_ dynamo-machines. Formerly the Lamont-Frohlich formula had 
_ been written— 

m= M ee 7 
I + kx 

| 

} 
} where JZ and & are constants, and x the magnetising force. Dr. 
_ Frohlich now suggested a formula of the form— 

x 
Ta > 

x+ x" 

where Y is the maximum value of 7, and where x is either the 
current or the potential applied to the electro-magnet, and «’ the 
diacritical value of the same; the ‘‘diacritical” value, as 
defined by the author in 1884, being that value which produced 
the state of half-saturation of the magnetic circuit. The author, 

_ folowing the lines laid down by Frohlich in the use of this equa- 
tion, showed that the general equation of the self-exciting 
dynamo is necessarily of the form 

y=¥-vV, 

where y is either current or potential, y the “ diacritical” value 
f the same, and ¥ the ‘‘ maximal” value of the same ; that is 
0 say, is the value which w would have if the given machine 
were run at the given speed and with the given internal and 
external resistances, but having its magnets independently 
excited to absolute saturation. Further deductions concerning 
the ‘“dead turns” of the dynamo, their independence of speed, 

and dependence upon the resistances of the circuit and upon the 
construction of the machine were shown. 

SYDNEY 

Linnean Society of New South Wales, April 28.— 
Prof. W. J. Stephens, F.G.S., President, in the chair.— 
The following papers were read:—On some Lepidoptera from 
the Fly River, New Guinea, by E. Meyrick. Mr. Meyrick’s 
paper contains an account of the Lepidoptera (Heterocera), col- 
lected by the recent New Guinea Expedition. Specimens of 
twenty-five species were met with, of which fifteen appear to be 
new, and are described by Mr. Meyrick. Nearly all :of these 
may be said to be of normal Indo-Malayan types. A few speci- 
mens, from their bad condition, were unidentifiable or unfit for 
description.—Catalogue of the described Coleoptera of Australia, 
part 4, by George Masters. This part contains the names of, 
and refezences to, all the known species of the families—7)zxa- 
gide, Eucnmide, Elateridi, Cebrionide, Rhipidoceride, Dascil- 
lide, Malacodermide, Cleride, Lymexylonide, Cupeside, Ptin- 
ide, Cwide, Bostrychide, Tenebrionide, Cistelide, P)thide, 
Monommatide, Mdandryide, Lagrude, Vedilide, Anthicide, 
Pyrochroide, Mordellide, Rhipidophoride, Cantharide, and 
GQdemeride, numbering 1494 species.—Miscellanea Entomo- 
logica, by William Macleay, F.L.S. This is the first of a series 
of papers descriptive of some of the new or rare Coleoptera in 
the Macleay Museum. The intention of the author is to 
accompany these de-criptions with a general review of the 
genera or groups dealt with. The present paper is a revision of 
the genus Diphucephala, to which oyer twenty new species are 
added.—A revision of the Staphylinidz of Australia, part 1, 
by A. Sidney Olliff, Assistant Zoologist, Australian Museum. 
The object of this paper is to furnish entomologists with descrip- 
tions of all the Australian Staphylinidz at present known, to 
summarise the characters of the genera, and to make known a 
number of new forms. ‘This first part contains the sub-family 
Aleocharine, of which the tribes Aleocharina, Gyrophzenina, and 
Gymnusina are all represented. Among the most remarkable of 
the new forms belonging to the first of these tribes is a species 
from New South Wales described under the name Apphianie 
veris (gen. et sp. noy.), and characterised by having the basal 
joints of the antennze enormously dilated on the outer side ; the 
second joint being twice as broad as long, the third equally 
broad, but shorter, the fourth, fifth, and sixth shorter and 
gradually decreasing in breadth. In facies the species resembles 
a Pelioptera.—Notes from the Australian Museum, by E, P. 
Ramsay, F.R.S.E., and J. Douglas Ogilby. Two species cf 
fish are described in this paper—JZyripristis carneus, from the 
Admiralty Islands, presented to the Australian Museum by Capt. 
Farrell, and Sygvathus parviceps, from the Clarence River dis- 
trict, presented by Mr. Temperly, Inspector of Fisheries. —The 
Hon. James Norton exhibited a number of fossils (Chzetetes and 
Spirifers) from Black Head, a few miles south of Kiama. 
Also, specimens of a porphyritic rock from Coolangatta, Shoal- 
hayen, with the large crystals present in some, and decomposed 
by weathering in others.—Mr. Whitelegge exhibited specimens 
of a large species of Vite//a with the following explanatory note. 
““ A short time ago I found in the Parramatta River a very re- 
markable member of the above genus. It is an erect growing 
plant between 3 and 4 feet in height, mostly branching near the 
base, and giving off some five or six whorls of simple leaves, 
each leaf consisting usually of three cells, sometime of only two. 
The stem and leaves (six in number) are usually about 4; of an 
inch in diameter. The internodal cells of the stem are usually 
4 or 5 inches, but sometimes much longer. I have measured 
some of the largest yet found, and they are from 7 inches up to 
84 long. It is highly probable that the cells of this plant are 
larger than those of any hitherto recorded. There are several 
other features which may not have been noticed in the genus. 
For instance, the leaves can be realily disarticulated from the 
stems without any apparent injury to either. When a cell is 
ruptured the sound produced is not unlike that of the bursting of 
the air-bladders of seaweeds. The rotation exhibited in the 
inner nodal cells differs from that of the stem and leaves, inas- 
much as the chlorophyll granules take part in the general rota- 
tion. The protoplasm in the young leaves, when viewed under 
the microscope with the edge of the cell in focus, appears as a 
series of elevations and depressions, and with the higher part of 
the cell in focus, these elevations appear as clear spaces sui- 
rounded by small granules. Within the layer of protoplasm 
there exist large numbers of spherical clusters of needle-like 
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crystals, which circulate along the line of demarcation between 
the cell-sap and the protoplasm.” 

PARIS 

Academy of Sciences, July 12,—M. Jurien de la Graviere, 
President, in the chair.—On the relations that exist between the 
geodetic and geological sciences, by M. Faye. The author's 
remarks are intended to show that the distinction formerly 
drawn between these two sciences can no longer be maintained. 
Thus in geodesy, for example, the sum of the forces acting on 
the terrestrial globe cannot be considered apart from those in- 
cessantly modifying its relief. The recent objection regarding 
the Quaternary glaciers is specially dealt with, not from the 
geological standpoint, but from that of the attraction exercised by 
them on the seas.—Note on the navigation of the Suez Canal at 
night, by M. de Lesseps. The question of nocturnal navigation, 
which would practically double the capacity of the canal, has 
now been studied exhaustively, and successfully solved by the 
adoption of signal lights along the route and electric lights on 
board the vessels in transit.—Experiments on waves, and espe- 
cially on the diminution of the mean lateral pressures of undu- 
lations in canals, by M. A. de Caligny. A series of experiments 
are reported made on a miniature artificial canal, with the view 
of testing the various actions of translation and side pressure of 
the waves on floating bodies.—Reflections on the critical re- 
marks of M. Hugoniot, which appeared in the Comptes rendus 
of June 28, by M. Hirn. The reference is to the author's last 
experiments on the flow of gases, some of whose conclusions 
are here sustained against M. Hirn’s objections.—Identity of 
origin of the fluorescence ZB by reversion, and of the bands 
obtained by Mr. Crookes in vacuum, by M. Lecoq de Boisbau- 
dran. It is shown that the red band 619 of Mr. Crookes’s 
former spectrum of yttria is due to the same earth as the author's 
band ZB obtained by reversion, and that this band does not 
consequently characterise a new element.—Observations made 
during the cholera epidemic of 1885, by M. A. Gueérard.— 
This work, by the engineer-in-chief of the Marseilles harbour 
works, traces the progress of the epidemic during the 
years 1884-85, and attributes its virulence primarily to the 
contaminated waters of the little River Huveaune used 
for domestic purposes in the districts which suffered 
most. — Observations of the new planet 259 and of the 
comet Brooks III., made at the Observato-y of Nice (Gautier 
equatorial), by M. Charlois.—Solar observations during the 
first six months of the year 1886, by M. Tacchini. These 
observations show a progressive diminution of the phenomenon 
of solar spots, as well as of the solar protuberances.—On the 
Peruvian metrical standard, by M. Foerster. Admitting the 
authenticity of this standard, the author asks that accurate deter- 
minations be made of the value in metres of its two lengths, in 
order that all geodetic measurements, old and recent, be re- 
duced to the same unity, that is, the international metre. In 
some subsequent remarks the same course was urged by M. 
Wolf.—Note on M. G. A. Hirn’s experiments on the discharge 
of gases through orifices, by M. Parenty.—A new method of 
constructing the screw, by M. Trouvé. During the course of 
protracted experiments on the application of electricity to the 
propulsion of ships, the author has been led to study the various 
forms of screw now in use, and to devise another, here de- 
scribed, of far more simple structure. —On a physiological condi- 
tion influencing photometric measurements, by M. Aug. Char- 
pentier.—On the heat of formation of selenhydric acid, by M. 
Ch. Fabre. The three methods here described for measuring 
this heat of formation yield a mean of —9744 cal. for gaseous 
selenhydric acid.—On a new species of asparagine, by M. A. 
Piutti. This new substance, recently discovered by the author 
while assisting at the preparation of asparagine in M. G. 
Parenti’s laboratory, at Sienna, has a rotatory power, as deter- 
mined by Laurent’s great polarimeter, equal to, and with con- 
trary sign to that of ordinary asparagine. The paper elicited 
some remarks by M. Pasteur on the great difference in taste of the 
two varieties of asparagine.—Distribution of a base between 
two acids; special case of the alkaline chromates, by 
M. P. Sabatier. — On the titanates of crystallised baryta 
and strontian, by M. L. Bourgeois. This paper is de- 
voted to a study of the crystallised earthy alkaline titanates, 
which are obtained by the application of the known method— 
fusion of the elements of the salt in the corresponding chloride. 
—Action of chlorine on the seleniocyanate of potassium, by M. 
A, Verneuil. From the experiments here described, it appears 

that the action of chlorine on the alkaline seleniocyanates differs 
greatly from that which it exercises on the corresponding sulpho- 
cyanates. Bromine and iodine give rise to analogous pheno- 
mena.— Transformation of glucose to dextrine, by MM. E. 
Grimaux and L. Lefevre. The transformation here effected for the 
first time is shown to throw some light on the somewhat obscure 
history of the dextrines.—On the transformation of the amides to 
amines, by M. H. Baubigny.—Isomery of the camphols and cam- 
phors ; camphol of valerian, by M. Alb. Haller, A comparison of 
the properties of this camphol and its derivatives with those of the 
camphol of N’gai and its corresponding derivatives shows com- 
plete identity between these two products. In a further com- 
munication the author hopes to show that these two camphols 
themselves are also identical with that derived from the spirit of 
madder.—Electrolysis of an ammoniacal solution with the elec- 
trodes of carbon, by M. A. Millot.—On an alcoholate of erys- 
tallised potassa, by M. Engel. The body here determined, and 
named ‘‘alcoholate of potassa,” has the formula— 

KOH + 2(C.H,0). 
—On propionic acid, by M. Ad. Renard.—Researches on the 
development of beetroot (continued) ; general conclusion ; by 
M. Aimé Girard.—The law of connections applied to the mor- 
phology of the organs of the Mollusks, and especially of Ampul- 
laria, by M. E. L. Bouvier. —On the presence of Ricins (Mallo-_ 
phages) in the quills of birds’ feathers, by M. Trouessart.— 
On the absorption of carbonic acid by leaves, by MM. Deherain 
and Maquenne. From the experiments here described it is 
shown (1) that the proportion of pure carbonic acid absorbed 
under atmospheric pressure varies with the quantity of water 
contained in the leaves ; (2) that the coefficient of absorption of 
this acid by the water contained in the leaves is in the normal 
temperature superior to the coefficient of solubility of the same 
gas in water ; (3) that the absorption is extremely rapid, which 
explains how the foliage is able to extract the extremely minute 
quantities of carbonic acid (some ten-thousandths) contained in 
the normal atmosphere.—On the crystallographic association of 
the triclinic felspars, by M. R. Bréon.—On the ‘‘ophite”” erup- 
tive rocks of Corbiéres, by M. Viguier.—Note on the primitive 
and Cambrian micaceous schists of Southern Andalusia, by MM. 
Ch. Barrois and Alb. Offret.—On injections of toxic gaseous 
medicines through the rectum; successful treatment of pul- 
monary affections by this means, by M. L. Bergeon. 
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ELECTRIC TRANSMISSION OF ENERGY 

Electric Transmission of Energy. By Gisbert Kapp, C.E. 
(London: Whittaker and Co., 1886.) 

‘SyAke2 the invention of the electric telegraph the sub- 
ject of the electric transmission of energy is that 

subject which of all others has most attracted the atten- 
tion of practical scientific men. Under this head are 
comprehended every form of telegraph and of telephone, 
electric railways, and the electric transmission of power 

for the driving of lathes and other machines. Even the 

novel apparatus which has been described for enabling 
us to see what is happening at distant places and the very 
transmission of light itself through the interstellar ether 

must be regarded as parts of the great subject which Mr. 
Kapp has undertaken to treat of in this small volume. 
On examining the book, however, it will be found that 

the author has wisely confined his attention to the electric 
transmission of energy for the purpose of its being trans- 
formed at a distant place into mechanical energy for driving 
machinery. Indeed, it may be said that much more than 

half the book is devoted to the subject of the dynamo- 
machine, and that much less than half of it is devoted to 

the subject of the electric transmission of energy. Before 
electric energy can be transmitted it is necessary to 
produce it. It is rather difficult to imagine a store of 
electric energy existing anywhere and ready for trans- 
mission; and hence its production, transmission, and 

transformation into some other form of energy are circum- 
stances which are exactly coincident with one another: 
as its transmission therefore implicitly involves its pro- 

duction and transformation, Mr. Kapp is perfectly justified 
in devoting as much of his book as he pleases to a 
description of the dynamo-machine. 

Few people are better qualified to speak from experi- 
ence of the most recent practice in the manufacture of 

dynamo-machines than the author of this book, and his 

paper entitled “ Modern Continuous-Current Dynamo- 
Electric Machines and their Engines,” read on November 
24, 1885, before the Institution of Civil Engineers, and 
the discussion upon it, are to be regarded as exceedingly 
valuable helps to the electrical engineer. This book will 

be valuable to students who do not possess a copy of Mr. 
Kapp’s original paper. Jt contains additional matter, 
much of it good ; but to some of it we would offer a mild 

objection. For example, some distinction might have 
been made between the magnetic theories of Weber and 
Prof. Hughes. Mr. Kapp has certainly a good working 
knowledge of the theory of the dynamo-machine, and he 
leads up to the theory in a very ingenious way, but we 
are afraid that students will benefit more by reading an 
elementary treatise on electricity and magnetism, the 
writer of which may have had less originality than Mr. 

Kapp, than by taking their elementary notions from this 
book. Thus, for example, the following statement may 

have a perfectly orthodox meaning to Mr. Kapp :—“‘ We 
can either assume that the lines are of different strength, 
and that the mechanical force with which a given free 

magnet pole is urged along any one particular line, is 

dependent on the strength of that line, which may be 
VOL. XXXIV.—No. 874 
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different from that of any other line belonging to the 

same field” (p. 18); but it will give great trouble to a 
student who knows that the resultant force is not the 
same at all points in a line of force, and who will find it 
inconsistent with the statements which Mr. Kapp has 
himself to make later on. - 

Again, we are disposed to think that it would be 
graceful in Mr. Kapp, and other makers of dynamo- 
machines at the present time, to give a little more 

credit to Gramme, and to refrain from dwelling so 
much on the great advances which have been made 

in recent years in the construction of dynamo-machines. 
When we compare modern machines with the Gramme 

machine of ten years ago, we see improvements on the 

original machine certainly, but they are very small. They 

consist mainly in ways of winding the conductor on the 

armature, so that it shall not readily slip or heat. How 
little of an essential kind has been introduced in the field- 
magnet arrangement may be gathered from the sheet of 
diagrams given at p. 102 of this book. In fact, a modern 
dynamo-machine may be said to be a Gramme or Sie- 
mens machine, the field-magnet circuit of which has been 
modified in a fanciful manner. Happily such modifica- 
tion in shape, however fanciful, does not seem to have 
impaired very much the efficiency of the arrangement, 
whereas it has enabled makers to greatly alter the outside 

appearances of machines, so that good Gramme and 

Siemens dynamo-machines are no longer called by these 
names, but by the names of the makers who have given 
them such various outside appearances. Large modern 

machines are superior to ancient small machines in 
efficiency and in the “output” per pound weight : firstly, 
because they are larger—and this is the main cause of 

their superiority ; secondly, because the mechanical 
engineers to whom the details in construction have 
always been intrusted are now, some of them, slightly 
acquainted with the laws of electricity and magnetism ; 
and, thirdly, because the manufacture of numerous 
machines has enabled costly manufacturing tools to be 
introduced, and these tools enable a method of construc- 
tion to be employed which would in the past have been 
prohibited by the expense. 
Again, we object somewhat to Mr. Kapp’s use of the 

terms “theoretical” and “ practical.” For example, in 
discussing the efficiency of the electromotor when doing 
various amounts of work, at p. 129, he says that a certain 

statement which he has made is theoretically quite accu- 
rate, but from a practical point of view it requires some 
modification, and he proceeds to show that the want of 
accuracy was due to the fact that all considerations of 
magnetic and material friction had been neglected. We 
should have said in such a case that the statement was 
theoretically quite inaccurate. We consider that much 

mischief is occasionally done by what is usually called the 

comparison of theory and practice. If the mathematical 
results derived from some hypothesis which is evidently 

wrong be called a theory, we must of course have dis- 
agreement between theory and practice, and it is greatly 
in consequence of this that the majority of practical 
engineers have acquired a contempt for theory and for 
the reading of books which deal with the theoretical 
principles underlying their professional work. If the 

results of speculation on absurd hypotheses must be 
oO 
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compared with facts, the terms to be used are “hypo- 
thetical” and “practical.” 

This is one of three advertised books of ‘“ The 
Specialists’ Series” which deal with electric engineering. 
Another of the three is devoted to the subject of magneto- 
and dynamo-electric machines, and the third is on electric 

lighting. We think it probable that in the greater part 
of Mr. Kapp’s book he is going over ground which belongs 
almost altogether to the author of one of the other books 

of the series. As Mr. Kapp treats his subjects well, 
however, we cannot much object to this ; but what we do 

object to is, that while taking up the subjects of the other 
authors, he has not given us his own subject. 

three pages, or about one-fifth of the book, an instructive 
account is given of the various attempts which have been 
made to drive carriages on railways, telpher lines, ploughs, 
cranes, fans, and pumps, and we understand from: Mr. 
Kapp’s introduction that it is to this sort of transmission 
of energy that his book is devoted. 

Now it is not merely sufficient for the author to give 
an account of what has already been done in this wav ; 
the reader expects a correct theoretical treatment of the 
whole subject, the cost of conductors, the fall of potentia) 

along the conductor, and the efficiency of transmission. 

These questions are sufficiently well taken up fora treatise 
on electric lighting, but for a book on the electric driving 
of machines at a distance the subject can hardly be said 
to be touched upon. Thus, for example, the develop- 

ment of Sir Willian Thomson’s law as applied in electric 
light installations, and published by Prof. Forbes in his 

lectures at the Society of Arts, is carefully given. Now 

small alteration of potential difference at an incandescent 
lamp may produce disastrous effects on the lamp, may 

destroy it, or may cause sudden darkness, and this is the 
most important consideration in arranging conductors 

for lighting purposes ; whereas, in the electric driving of 
trains or machinery, small alterations of potential differ- 
ence are of no importance whatsoever. In consequence 
of this, in driving machinery electrically there may be a 

very considerable fall of potential along the conductor 
from the dynamo to the motor, and hence motors may be 

worked directly at distances which it would be absurd to 
contemplate in working an incandescent lamp. In fact 
the question of cost of conductors must be treated from 
quite a different point of view in the two cases, and it 

seems to us that Mr. Kapp has taken up the point of 
view which is most remote from his subject. 

We think Mr. Kapp’s book a very valuable addition to 
electrical engineering literature. It will be widely read, 
and it deserves the popularity which it will receive. Had 
we not thought it to be so excellent in many ways we should 

not have criticised it so narrowly, and, in spite of our 
warning to the student, we are very glad to meet with 

originality in leading up to the theory of the dynamo- 
machine. We are glad to see that the author has slightly 

amplified his account of the method, now in general 

use, of calculating the probable electromotive force 
of a dynamo-machine, which he published in his 
paper. The method is known to be practically correct, 
although it is based on a magnetic hypothesis of which 
there is no recognition in any book on physics—the 

hypothesis of magnetic resistance. We could have 

In sixty- | 
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thesis, as we know of no actual results of experiment 
having yet beea published which give it a general verifi- 
cation. 

In reading over this criticism we feel that our 

objections to the book have all been brought very pro- 
minently forward. It would be very easy to point out 
here much that is good in the book, but perhaps our 

readers would then find this article long and tedious. Any 
reader of the book will find original and interesting views 

in every chapter ; it is not every reader who would for 
himself have noticed the faults which we have here 
gathered together. We have achieved the difficult task 
of finding fault with an excellent book. 

JOHN PERRY 

OUR BOOK SHELF 

The Aryan Maort. By Edward Tregear. 
N.Z.: George Didsbury, 1885.) 

THIs little book contains a theory that the ancestors of the 
New Zealanders belonged to the Aryan race, and were a 
pastoral people. To signify this, the cover is adorned with 
a golden picture, seemingly representing a Maori warrior 
in native guise, accompanied by a sturdy little Highland 
bull. Now, it being notorious that the New Zealanders, 
when discovered, had no cattle nor remains of them in 
their country, the reader’s curiosity is aroused to see how 
Mr. Edward Tregear supports this unlikely thesis. His 
method proves to be a philological paradox which we 
have never met with before. For example, it is argued 
(p. 31) that the Maoris once knew the bull by a word like 
the latin fawrus, a bull. How so, one asks, when they 

(Wellington, 

' no more had the word in their vocabulary than the beast 
on their land? The answer is, that in the absence of the 
word ¢aurus itself the author relies on a dozen or so of 
other Maori words which he alleges to refer to it. The 
following are a few of them:—Zara, had courage ; 
tararau, made a loud noise ; ¢avarva, had two points or 
peaks ; taveha, was red; ¢farehu, caught one unawares; 
zarore, had a noose put on him; Zaruke, lay dead in 
numbers (if it was characteristic of the bulls to lie dead 
in numbers, how multitudinous the cows and calves must 
have been in the Aryan-Maori herds !). The poverty of 
the Maori language in consonants makes it easy to the 
author to play this fanciful game with his dictionary to 
his own full satisfaction. He takes a real interest in 
studying the Maoris, and though he has gone astray this 
time, he may, if a young man, do something more worth 
doing in the collection of native customs, legends, games, 
and the like which the older natives still remember. 

LEDBLERS LO PAE EDITOR: 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice ts taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Tidal Friction and the Evolution of a Satellite 

In NaTuRE, vol. xxxiii. p. 367, is an article by Mr. G. H. 
Darwin, defending his theory of tidal evolution, and dealing 
with what I have written respecting that theory. Space will 
here prevent my replying at length to the above ; but as the 
author of it seems to think that my inquiry has been confined 
too much to the mode of origin of the moon, I have pushed it 
out in other directions, when important results have been 
obtained. I purpose here chiefly devoting my space to these, 

wished that Mr. Kapp had dwelt more upon this hypo- | which can be put in a comparatively short and simple form, 
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But before entering on the new ground I think a few words 
of explanation will be necessary. Mr, Darwin takes exception 
to a proposition of mine in that it holds his theory to be depen- 
dent upon the genesis of the moon at the present surface of the 
earth. I was led to this conclusion chiefly from the apparent 
stress laid on the condition by the writer on that subject in 
Thomson and Tait’s ‘‘ Natural Philosophy,” but as the author 
now states that his theory is not so founded, I think it ought to 
be allowed that it is not. But I think the argument can be 
put in another way ; for if the moon beallowed to have separated 
at a period over four hours, the theory would be at variance 
with the calculations of its author (for he fixes the period at 
between two and four hours). A flock of meteorites is proposed 
as a form in which the moon might have receded from the earth. 
Nothing can be gained by this, for the flock of meteorites can- 
not come nearly so close to the earth as the moon ina single 
mass, without the constituent members being separated and each 
compelled to describe an independent orbit with its own period. 
In other words, the tidal force would separate the flock of 
meteorites at a greater distance than it would the single body. 
And at a greater distance it is not necessary, as the moon in her 
conglomerate form could not be objected to, 

Also, he quotes and questions a passage, which is to the effect 
that two heavenly bodies cannot revolve about their centre of 
inertia with their surfaces nearly in contact, unless one is smaller 
than, and denser than, the other by a certain amount. The 
case was intended for where the two bodies move as parts of a 
rigid body, 7.e. each keeps the same face towards the other ; 
but I omitted to insert this condition in giving the rule. 

Coming now to the results of my second investigation. In 
his last reply, as well as in several other places, Mr. Darwin 
advances the Martian system as affording a striking confirmation 
of the influence of tidal friction. The view is that the extreme 
minuteness of the inner satellite has preserved it as a standing 
memorial of the primitive time of rotation of Mars round his 
axis (see the Observatory, July, 1879). 
Now I think it must have been taken for granted that the 

smallness of the satellite would allow the above state of things 
to come about, for an estimate of the comparative effects pro- 
duced on Mars by solar and by satellite tidal friction, and the 
reaction on the satellite shows that, according to the estimated 
dimensions of the latter body, its period must be considerably 
more disturbed than that of Mars. Prof. Newcomb estimates 
the diameter of the inner satellite at from 10 to 40 miles. If we 
take the lower estimate and suppose the body to be only as 

_ dense as the sun, then its mass will be 86000" times smaller than 
the sun’s. But the distance of the satellite—6000 miles—is 
23333 times less than the sun’s distance, and this number must 
be cubed to get the effect on the tidal force through greater 
proximity. After making the proper allowances, as above, it 
will be found that the satellite has a tidal force fifty times less 
than that of the sun. Ifthe tidal retardation or acceleration, 
as the case may be, varies as the square of the tidal force, as 
Mr. Darwin allows, then 1/2500 of the planet’s retardation must 
be counteracted by the satellite tides, which go round in the 

_ reverse direction to the solar tide. Here the reaction on the 
satellite must be considerable, for an approximate calculation 
will show that the orbital momentum of that body is only about 
1/2,800,000 of the planet’s rotational momentum. It will not 
be necessary to work out the calculation. Suffice it to say that 
the density and dimensions of the planet are taken from New- 
-comb’s tables, and that the distribution of density is supposed to 
be like that of the earth, giving a rotational momentum equal to 
that of homogeneous density multiplied by 0°83. 

If solar tides lengthen the Martian day by one minute, then 
the rotational momentum will have been reduced by about 
1/1400 of the whole, and the satellite must have produced an 
effect in the opposite direction 2500 times as small, so that the 
actual effect of the satellite is to increase the rotational momen- 
tum by 1/3,500,000. And since the reaction on the satellite 
will be equal and in the opposite direction, more than half its 
momentum (which is 1/2,800,000 of the planet’s) will be lost, 
which will reduce its distance to the surface of the planet. 
Hence we are led to the startling conclusion that before solar 

if tidal friction can alter the rotation-period of Mars by one 
minute, the inner satellite must fall into the planet. I have not 

_ taken into the calculation the circumstance that the satellite tide 
_ goes round quicker than the solar one, nor that, as the satellite 

approached the planet, its tides would increase, the purpose here 
__ being only to give an account of the relative changes that should 
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take place at about the present configuration. Further, it 
would seem that solar tides could not have reduced the period 
of Mars much, even if it be supposed that the inner satellite was 
first at any greater distance, for then it must either have gone 
out and attained a longer period than Mars, or it must have 
fallen into the central body long ere this. There seems no 
escape from these conclusions, unless the little body gives out an 
extraordinary amount of light for its size (for its probable size is 
judged by its brightness), but this seems so improbable, that it 
would be unreasonable to suppose so. As for the density, the 
inferior limit must be not less than half that allowed, otherwise 
the tidal force of the planet would break the body up. 
Now a few words may be said on the future history of the 

moon. Before, I have said that the tracing back of the moon 
has apparently been carried too far in one direction ; and now I 
think that the tracing forward, supposing tidal friction to have 
free play in the future, has been carried too far in the other 
direction. According to Thomson and Tait (‘‘ Elements of 
Natural Philosophy”), the moon’s distance should increase to 
347,100 miles by the time the earth’s rotation relatively to the 
moon is stopped, when the two bodies should revolve in about 
48°3 days. Now it would take all the rotative momentum that 
the earth would lose during the change to send the moon to the 
above distance ; or, in other words, if there were no solar tides 
or other causes to prevent all the rotational momentum lost 
by the earth going to increase the moon’s orbital momentum, 
the moon’s distance would not be increased to beyond the above. 
But it is clear that a considerable portion of the rotative energy 
would be lost in solar tidal friction, which would have no part 
in increasing the moon’s distance from the earth. For the moon 
to recede to the distance named, the earth must not only have 
its present moment of momentum, but also as much as solar 
tides would extract during the interval. At the present time 
the retardation through solar tides is not a small fraction of the 
whole, and it should increase till, at the other end of the jour- 
ney, it will be more than half the whole retardation, for then 
the solar will be greater than the lunar tide. 

I believe that Messrs. Darwin and Ball, who wrote a year or 
two before the date of Thomson and Tait’s work, give the dis- 
tance to which the moon will recede a; even greater than the 
above, and say her period of revolution will be about fifty days. 
Certain remarks made by Mr. Darwin iu the larger work of 
Thomson and Tait leave some doubt as to whether a correction 
has recenily been made in the moment of momentum of the 
earth’s rotation, but even if the earth be supposed homogeneous, 
the rotational momentum would not be sufficient to send the 
moon to the above distance, when allowance is made for solar 
tidal retardation. Hence it seems that no allowance has been 
made for the effects of this agency, and that when such allow- 
ance is made, the moon’s destination must fall far short of the 
estimates given. If the distance (347,109 miles) be reduced to 
about 320,000 miles, I think it would be nearer the mark. 

Mr. Darwin says that the eccentricity of the lunar orbit, the 
obliquity of the ecliptic, and other elements would be co- 
ordinated together by supposing that the moon first had a 
separate existence at no great distance from the present surface 
of the earth, and with small differential motion with respect 
thereto. I will only say that the case is so complicated, and 
the data so unreliable, that the results of the calculations in- 
volved seem to be little better than guess-work. 

As for the distribution of satellites in the solar system, I think 
the majority of diverse theories would hold that they should be 
more numerous far from the sun, for the simple reason that solar 
disturbance would be less there. James NOLAN 

Dergholm, Victoria, May 25 

Mr. NoLan is correct in supposing that I made no nume- 
rical calculation with regard to the inner satellites of Mars. I 
accept the calculation which he gives, and admit that the 
present period of revolution of the satellite cannot be regarded, 
as I supposed, as a memorial of the primitive period of rotation 
of the planet. 

I see, however, no reason, as yet, to recede from the follow- 
ing statement (Pil. Trans., Part I. 1880, p. 883), which em- 
bodies the essence of the argument, without the erroneous 
phrase :-— 

‘Tt is here (in the case of Mars) alone in the whole system that 
we find a satellite moving orbitally faster than the planet 
rotates. This will also be the ultimate fate of our moon, be- 
cause, after the moon’s orbital motion has been reduced to 
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identity with that of the earth’s rotation, solar tidal friction will 
further reduce the earth’s angular velocity, the tidal reaction on 
the moon will be reversed, and the moon’s orbital velocity will 
increase, and her distance fromthe earth will diminish. But 
since the moon’s mass is very large, the moon must recede to an 
enormous distance from the earth, before this reversal will take 
place. Now the satellites of Mars are very small, and therefore 
they need only to recede a short distance from the planet before 
the reversal of tidal friction.” 

No one can have any datum for saying that the Martian satel- 
lite must have fallen into the planet ‘‘long ere this,” but Mr. 
Nolan shows that the satellite is now near the end of its 
history. 

I do not think that Sir William Thomson made any allowance 
for solar tidal friction in estimating the ultimate distance of the 
moon. Both he and I only cared to obtain the result in round 
numbers. 

I should be very much obliged to Mr. Nolan if he would give a 
reference to the proof of the theorem, that two heavenly bodies 
cannot revolve about their centre of inertia, as parts of a rigid 
body with their surfaces nearly in contact, unless one is smaller 
and denser than the other by a certain amount. 

July 15 G, H. Darwin 

Peripatus in Demerara 

CONSIDERING the great antiquity and importance of Peripa/us 
it seems desirable to make a public notification of the fact that I 
have found a species, apparently Perifatus Edwardsi, in the 
Demerara division of British Guiana. Four specimens were 
obtained by me, but three of them, owing to some unknown 
cause, became considerably damaged and _ practically useless. 
The fourth specimen, which was found by me nearly a month 
ago, is still alive and evidently in good health. It is, when in 
progression, about 34 inches in length, but it often elongates it- 
self considerably more and at other times becomes nearly coiled 
into a thick lump. It possesses thirty-one pairs of feet, the last 
three of which it rarely puts to the ground except when it goes 
backwards for short distances. Several other pairs at intervals 
along the body are carried off the ground in the same manner. 
It seems distinctly restless under the influence of light, appear- 
ing comfortable only when it retreats into some moist and 
darkened corner. When handled, it frequently discharges its 
viscid secretion, but as frequently neglects to do it when 
handled for the first time after a long interval, but more 
especially when touched or taken up for three or four times in 
rapid succession. It has been kept in an old sardine tin with 
small pieces of decayed wood, which were taken from the stump 
in which it was found, and the wood is kept in a moist condi- 
tion. The locality from which it was obtained was the Hoorubea 
Creek, about twenty miles from Georgetown, on the east coast 
of the Demerara River, close to the meeting-point of an ex- 
tensive forest and a water savannah. The four specimens were 
obtained in the same locality ; and, though I have sought for 
them continually in other places, up to the present I have been 
unable to find others. From the long period of time during 
which this specimen has survived in confinement, I think there 
will be no difficulty, when I have obtained a large number of 
specimens, in sending them alive to England to Prof. Moseley 
and others. Unfortunately I have no possible access here to 
any literature on the group. I do not think it is generally 
known, but Mr. Im Thurn has once previously found specimens 
of Peripatus in the Essequebo division of British Guiana. His 
specimens were, however, very small ones. 

British Guiana Museum JoHN J. QUELCH 

Upper Wind-Currents over the Bay of Bengal in March, 
and Malaysia in April and May 

IN my last letter to NATURE, yol. xxxiii. p. 460, on the 
subject of upper winds, I described the circulation of the Indian 
Ocean from the equator, where the north-west wind changes 
into the north-east monsoon, as far north as Ceylon, in the 
month of February. From there, about the beginning of March, 
I took a section of the weather, as nearly straight as practicable, 
from Colombo, through Calcutta, and 400 miles due north to 
Darjeeling. 

The general weather system at that season is very simple. A 
belt of high pressure lies across the Bay of Bengal, from about 
Madras, to the southern limits of Burmah. ‘The north-east 
monsoon blows to the south of this, towards the low pressure 

below the equator; the belt, of course, covers a calm area; 
while to the north a south-west wind blows towards a low pres- 
sure somewhere beyond the Himalayas. 

The upper currents over the north-east monsoon always blew 
from some more easterly point than the surface-wind ; the cloud- 
less sky over Madras prevented any observations ; north of this 
the higher clouds always came from some point more northerly 
than the south-west wind below. The lofty range of the 
Himalayas seemed to make no difference ; at Sendukphu I suc- 
ceeded in getting a photograph of acumulo-form cloud trailing 
from the summit of Kanching Junga (29,000 feet) well from the 
west-north-west, while a south-west wind was driving up mist 
from the plains. The existence of cumulus at so high a level 
has, I think, been denied by some meteorologists. 

All these observations are in complete accordance with the 
normal circulation of the northern hemisphere ; but the character 
of south-west monsoons deserves notice. The term south-west 
monsoon is unfortunately used for two different stages of the same 
weather sequence, and much confusion comes thereby. Maury and 
others think only of the direction of the wind ; common parlance 
all over the East talks of the monsoon as of a rainy season which 
sets in suddenly, long after south-west winds have been blowing 
for weeks or months previously. 

The facts of the case are these :—As early as January a light 
south-west wind commences in the north of the Bay of Bengal, 
first only as a sea breeze; later, when we encountered it, as a 
light continuous wind. Nothing can be more lovely than the 
weather then; bright blue sky, scarcely a light cloud, with a 
warm gentle wind; the monsoon, unlike March, begins like a 
lamb and goes out like a lion. As the season goes on an area 
of low pressure, which has been gradually forming over Northern 
Bengal, becomes more pronounced, and the south-west wind 
gradually works further and further to the southwards below 
Ceylon. Then, sometimes in June, a sudden total change comes 
over the weather, while the only alteration the isobars show is a 
slight motion of the lowest pressure towards the North-west 
Provinces of India. A sudden burst of rain and thunder breaks 
over Ceylon, and then the bad weather works slowly north- 
wards. ‘This is the commencement of the south-west monsoon 
in common talk. Everyone will tell you how many days it 
takes to work up to Bombay on one side and to Calcutta, by 
way of Burmah and Assam, on the other. Madras escapes for 

| the present, only to be deluged in November by the north-east 
monsoon. So we get the curious sequence that the wind works 
downwards, the rain upwards ; and also the fact that the greatest 
and most sudden change in the year is associated with no 
striking change in the distribution of pressure. The Indian 
meteorologists are of opinion that this sudden change in the 
character of the same wind is due to a sudden irruption of air, 
highly charged with vapour from the neighbourhood of the 
equatorial doldrums, but that the south-east trade is not linked 
with the south-west monsoon in a continuous current, except 
occasionally and temporarily. Would it not be of the highest 
interest and importance to discover whether this sudden change 
of weather is associated with any change in the relation of the 
upper and lower winds? In my letter to NATURE (vol. xxxiii. 
p- 460) I showed that over the south-west monsoon of the 
Gulf of Guinea the upper currents were those of the southern 
hemisphere, and that the south-east trade there seemed to grow 
gradually into a south-west wind as it crossed the line. If in 
Ceylon and India the higher clouds continue to come, as we found 
them, from west or north-west after the burst of the south-west 
monsoon, there must be a doldrum between it and the south-east 
trade ; but if the upper currents turn towards south or south-east 
after the burst, then undoubtedly the south-east trade has in- 
vaded the northern hemisphere. The latter is of course the old 
theory of the monsoon ; and perhaps another test may be ap- 
plied to the solution of these alternatives. If the south-east 
trade blows into a doldrum, there must be a belt of high pressure 
between Ceylon and the equator to give gradients for south-west 
winds. Has this ever been found? I do not think that calm 
alone is sufficient to be called a ‘‘doldrum.” During the north- 
west monsoon, which is unquestionably the north-east monsoon 
drawn across the line, the direction of the wind changes gradu- 
ally, but the velocity is often less just on the equator than on 
either side. I made some special inquiries on this point. 

In the Philippines, China, and Japan the upper winds over 
the south-west monsoon follow the normal course of the northern 
hemisphere ; but there jis no burst of the monsoon in those 
countries. 
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Some meteorologists have asserted that the south-west mon- 
soon may be considered a stationary cyclone. This might beso if 
we define a cyclone simply as an irregularly circular area of low 
pressure round and into which the wind blows spirally. But 
when we look at the kind of rain and varieties of cloud which 
give distinctive character to various parts of a cyclone, our own 
observations and the information we have received from others 
entirely discountenance this idea. 

In Malaysia, between Singapore and Borneo, in the early 
days of April the surface-winds were all from about north-east, 
and the clouds at various levels always from more south of east. 
In North Borneo, later in the month, the south-west land breeze 
of the morning always went round by south-east to north-east 
in the afternoon and evening, while the higher clouds came 
always from about north-east. 

In Sooloo and the Philippines during the month of May the 
surface winds were much complicated by land and sea breezes, 
but the sequence of upper currents was always that proper to 
the hemisphere. 

So far for ordinary weather. I was not fortunate enough to 
meet with a typhoon, but the reports of the observatories at 
Manilla, Hong Kong, and Tokio are all agreed that the relation 
of upper and lower currents is the same in a typhoon in the 
China Seas as in a European cyclone. 
Yokohama, June 12 RALPH ABERCROMBY 

Mock Sun 

I INCLOSE sketch of the first mock sun I have been fortunate 
enough to see at Cranbrook, Kent, on July 20, 5 to 54 p.m. 

About Iom. before noticing this fine phenomenon we had 
noticed a fragment of it, not knowing what was to follow ; and 
we were struck by the extraordinary position of the bow with 
reference to the sun, viz. about 45° from it, and at an unaccount- 
able angle to the horizon. The latter picture I can only draw by 
memory. ‘The upper drawing is from one made on the spot in 
presence of two intelligent adult witnesses, who were consulted 
on each point which I proceed to notice. 

(1) The rainbow near the zenith was of the breadth and _bril- 
liancy of an ordinary rainbow (the same was the case with the 
fragment seen ten minutes earlier, which was lost when the rest 
came out). The fact of the arc seen near the zenith belonging 
to two circles, one small and one large, touching each other, 
was sufficiently certain to my eye, confirmed by another educated 
eye, but not admitted by the third less educated one. I draw 
it as I apprehended it. The colours were unusually vivid against 
a thin veil of fleecy clouds. 

(2) The halo-circle round the sun, and the arched eyebrows, 
so to call them, were about half the breadth of the rainbow, 
and washy in colour. The shapes drawn are quite faithful, and 
were so sharp as to leave no room whatever for doubt or 
Imagination. 

(3) The interior area of the circle was darker than the ouside. 
(4) The position of the mock sun was not diametrical. The 

sun, seen through a handkerchief whose edge was stretched 
through the two mocks, was about two-thirds of its own breadth 
below the edge, clear. 

(5) The white rays (about half the breadth of the mock lights) 
were seldom seen both at the same time, but were quite decided 
outside the circle and traceable within it, but nowhere nearly so 
bright as the mock lights. 

(6) The mock lights were short fragments of arcs of rainbows, 
more vividly coloured than the halo-circle outside of which they 
stood clear of it, but not so broad and not quite so vivid as the 
great rainbow arc. 

These fragments were wof tangential. Short as they were, 
their own axis was clearly determined by all three witnesses to 
be inclired towards the radial ray, and more inclined to the 
arc of the halo. But I have unconsciously given a curved shape 
to the short fragment. It was too short to show a curve. There 
was no pretence of a disk, as if really a mock sun. It was only 
a very vivid fragment of a rainbow. A third fainter one was 
at the top of the halo. 
The sky was much covered with thin cirrus ; a fine sunny 

evening ; air peculiarly clear for distant views. 
Collingwood, July 22 W. J. HERSCHEL 

P.S.—Radius of halo-circle, measured as best I could, 224° 
+ 23°. Radius, continued to the rainbow, 45° with propor- 
tionate error. The arc of the halo-circle was generally absent 
next to the mock lights, but could sometimes be traced. 
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“The Duration of Germ-Life in Water” 

IN a letter bearing this title in your last issue (p. 265) Mr- 
Downes refers to the recent publication by Messrs. Crookes» 
Odling, and Tidy, of some experiments which they have made 
on the vitality of the Bacillus anthracis in water, with regard to 
which I should like to call attention to the fact that this sub- 
ject has during the past three years been investigated by various 
experimenters, including Koch, Cornil, and Babes, Nicati and 
Rietsch. Within the past two months no less than three papers 
have been published on this subject, two of them in Germany by 
Dr. Wolfhiigel and Meade Bolton respectively, whilst the third, 
by myself, ‘‘On the Multiplication of Micro-organisms,” was 
communicated to the Royal Society at the meeting in June last. 
In this paper I have recorded a number of experiments made 
both with the mixtures of organisms found in various natural 
waters, as well as with three well-characterised forms which are 
associated with disease, viz. Koch’s ‘‘Comma”’ spirillum of 
Asiatic cholera, Finkler-Prior’s ‘‘Comma” spirillum of European 
cholera, and the Bacillus pyocyaneus, which produces the 
greenish-blue colouring matter frequently present in abscesses. 
The methods of research which have been independently se- 
lected both by Wolfbiigel, Meade Bolton, and myself, are 
identical, and consist in the examination, by gelatine plate- 
cultivation, of waters purposely impregnated with the organisms 
in question. This method is obviously the one which most 
recommends itself for the purpose, as it not only enables one to 
ascertain the presence or absence of the organisms, but also to 
quantitatively follow their multiplication or reduction. I may 
mention that these three organisms present great differences in 
their behaviour under similar circumstances; thus the Baczllus 
pyocyaneus is possessed of far greater vitality in water than either 
of the other two, its presence being demonstrable even in dis- 
tilled water after fifty-three days, in numbers exceeding many- 
fold those originally introduced. Koch’s ‘‘Comma” spirillum, 
on the other hand, was in the purest forms of potable water no 
longer demonstrable after the ninth day, whilst in London 
sewage it was found in largely multiplied numbers after twenty- 
nine days; whilst Finkler’s spirillum could in no case be 
detected after the first day, and frequently not even on the day 
of inoculation. A curious phenomenon, which my experiments, 
as well as those of Wolfhiigel and Meade Bolton have brought 
to light, is that when organisms of this kind, which are not the 
natural inhabitants of water, are introduced into this medium, 
a large proportion of them are frequently at first destroyed, a 
greater or less multiplication in their numbers often subsequently 
taking place. 

The Aactllus anthracis, as is well known to bacteriologists, 
appears in two very distinct forms, the Jacz//ws-form and the 
sfore-form, and these present very great differences in their 
powers of endurance, the former being destroyed with compara- 
tive ease, whilst the spores are remarkable for their vitality. 
Mr. Crookes and his colleagues have apparently experimented 
with the bacillus-form of anthrax only, which they state is rapidly 
destroyed when introduced into London water, but Dr. Meade 
Bolton, who has dealt with anthrax in both its forms, has shown 
that the spores of anthrax retain their vitality even in distilled 
water for upwards of ninety days, and that it is only the bacilli 
which rapidly perish in some kinds of potable water. In pol- 
luted well-water Meade Bolton has also shown that even the 
bacilli are persistent for upwards of ninety days, and the spores 
for nearly a year, whilst Wolfhiigel has found that in polluted 
river-water (the River Panke, in Berlin), even when diluted ten- 
fold with distilled water, the anthrax bacilli undergo extensive 
multiplication. Percy F, FRANKLAND 

Normal School of Science, 
South Kensington Museum, S. W., July 26 

Animal Intelligence 

In Nature for July 22, on p. 265, Mr. Frederick Lewis calls 
attention to a nest-building wasp who closed up her nest without 
filling it first with grubs or laying an egg. There is nothing 
uncommon in this neglect on the part of the wasp, as any one 
who has at all studied their habits in the tropics will know, such 
perfectly empty nests being frequently met with. I have 
often thought the empty nest might have something to do 
with the fact that the wasp may not have been prepared to 
deposit her egg; but then, if that were the case, we should 
occasionally find nests with the remains of the caterpillars or 
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spiders collected. When a wasp has once rchosen a site for 
building, it is very difficult to drive her away. 

63, St. George Street, Leeds Hy. Linc Rotu 

The Microscope as a Refractor 

I am rather surprised, after the judicious remarks of Dr. 
Gladstone on this subject in NATURE of July I (p. 192), to find 
Mr. Gordon Thompson still maintaining his opinion to have 
introduced anything not yet known or tried with the microscope 
adapted to this purpose. If he had had time to go over the 
papers of Royston Pigott (Proceedings of the Royal Society, 
1876), of Mr. Sorby (Afxeralogical Magazine, 1878), and of 
myself (Proceedings of the Royal Society, 1884), he could have 
convinced himself that all what he proposes has been already 
elaborated and applied. He could also have learnt why the 
method with the microscope is limited in its exactitude to the 
third decimal, as the mathematical expression which it involves 
is deduced from not very strict principles, this being as well 
the case with the formula for the hollow prism. 

The Hague, July 21 L, BLEEKRODE 

HERRMANN ABICH 

AS briefly reported in NATURE last week this venerable 
geologist died at Vienna on July 1. As far back as 

the year 1831 he began his scientific career by the publi- 
cation of an important memoir, in which by novel methods | 
of chemical analysis he determined the composition of | 
various minerals of the Spinel family, and showed how 
alike by chemical composition and crystalline form they 
could all be ranged in one group. This early paper gave 
evidence of the carefulness of observation which dis- 
tinguished him through life. It was followed by other 
chemical and mineralogical essays, especially in the de- 
partment of volcanic products. Gradually he was led to 
devote special attention to the phenomena of volcanic 
action, and in the course of his investigations to visit 
most of the volcanic districts of Europe. His folio atlas 
of views illustrative of Vesuvius and Etna (1837), and 
his “ Vulkanische Bildungen” (1841), are among the best 
known of his writings. He had great facility as a 
sketcher, and some of his drawings of volcanic craters 
have done duty for nearly half a century in text-books 
in many languages. The east of Europe presented a wide 
and almost unknown field for his exploration. As far 
back as 1840 he published notices of his wanderings in 
the Caucasus. He ascended to the summit of Mount 
Ararat, and devoted most of the remainder of his ! 
life to the investigation of the vast region of the Caucasus 
and south-eastern Europe. Many papers published from 
time to time in the scientific journals record his unwearied 
industry. But perhaps the most striking and durable 
monument of his scientific achievements is his great 
work, “ Geologische Forschungen in den Kaukasischen 
Landern,” the publication of which he was superintending 
at the time of his death. This magnificent monograph, 
of which only the first part has been published, brings 
before the reader in a series of maps, sketches, large 
panoramic views, and detailed descriptions a picture of 
the external aspect and geological structure of the Cauca- 
sian region and impresses him with a profound admira- 
tion for the author’s geological prowess. . Abich had 
during the last few years settled in Vienna, availing him- 
self of the typographic facilities to be found in the 
Austrian capital. He has been a notable instance of 
the longevity attained by many active field-geologists, for 
he almost reached the age of three score and ten years, 
retaining to the end his enthusiasm and industry. It is 
to be hoped that the second part of his monumental 
work, which is to treat of the eastern half of the Armenian 
Highlands, has been left in such a state as to admit of 
publication. ; 
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CAPILLARY ATTRACTION 

Il. 

OW in this second way we have, in performing the 
folding motion, allowed the water surface to become 

less by 60 square centimetres. It is easily seen that, pro- 
vided the radius of curvature in every part of the surface 
exceeds one or two hundred times the extent of distance 
to which the molecular attraction is sensible, or, as we 
may say practically, provided the radius of curvature is 
everwhere greater than 5000 micro-millimetres (that is, 
the two-hundredth of a millimetre), we should have ob- 
tained this amount of work with the same diminution of 
water-surface, however performed. Hence our result is 
that we have found 4°5/60 (or 3/40) of a centimetre-gramme 
of work per square centimetre of diminution of surface. 
This is precisely the result we should have had if the 
water had been absolutely deprived of the attractive force 
between water and water, and its whole surface had been 
coated over with an infinitely thin contractile film pos- 
sessing a uniform contractile force of 3/40 of a gramme 
weight, or 75 milligrammes, per lineal centimetre. 

It is now conveniert to keep to our ideal film, and give 

up thinking of what, according to our present capacity 
for imagining molecular action, is the more real thing— 
namely, the mutual attraction between the different por- 
tions of the liquid. But do not, I entreat you, fall into 
the paradoxical habit of thinking of the surface film as ~ 
other than an ideal way of stating the resultant effect of 
mutual attraction between the different portions of the 
fluid. Look, now, at one of the pieces of water ideally 
rigidified, or, if you please, at the two pieces put 
together to make one. Remember we are at the centre’ 
of the earth. What will take place if this piece of matter _ 
resting in the air before you suddenly ceases to be rigid ? 
Imagine it, as I have said, to be enclosed in a film every- 
where tending to contract with a force equal to 3/40 of — 
a gramme or 75 milligrammes weight per lineal centi- 
metre. This contractile film will clearly press most 
where the convexity is greatest. Avery elementary piece 
of mathematics tells us that on the rigid convex surface 
which you see, the amount of its pressure per square 
centimetre will be found by multiplying the sum ® of the — 
curvatures in two mutually-perpendicular normal sections 

1 Continued from p. 272. hs 
2 This sum for brevity I henceforth call simply ‘“‘the curvature of the 

surface”’ at any point. 
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by the amount of the force per lineal centimetre. In any 
place where the surface is concave the effect of the sur- 
face tension is to suck outwards—that is to say, in 
mathematical language, to exert negative pressure inwards. 
Now, suppose in an instant the rigidity to be annulled, 
and the piece of glass which you see, still undisturbed by 
gravity, to become water. The instantaneous effect of 
these unequal pressures over its surface will be to set it 
in motion. If it were a perfect fluid it would go on 
vibrating for ever with wildly-irregular vibrations, start- 
ing from so rude an initial shape as this which I hold in 
my hand. Water, as any other liquid, is in reality vis- 
cous, and therefore the vibrations will gradually subside, 
and the piece of matter will come to rest in a spherical 
figure, slightly warmed as the result of the work done by 
the forces of mutual attraction by which it was set in 
motion from the initial shape. The work done by these 
forces during the change of the body from any one shape 
to any other is in simple proportion to the diminution of 
the whole surface area; and the configuration of equili- 
brium, when there is no disturbance from gravity, or from 
any other solid or liquid body, is the figure in which the 
surface area is the smallest possible that can enclose the 
given bulk of matter. 

Fic. 3. 

I have calculated the period of vibration of a sphere of 
water! (a dew-drop !) and find it to be $a’, where ais 
the radius measured in centimetres ; thus— 

For a radius of 4 cm. the period is ;4: second 
1 

” I ” ” cs ” 

” 2°54 55 LB] I ” 

” 4 22 29 2 ” 

3 16 29 ” 16 9 

” 30) Fs ys 36! ss 
” 1407 a7 ” 13,200 ” 

The dynamics of the subject, so far as a single liquid is 
concerned, is absolutely comprised in the mathematics 
‘without symbols which I have put before you. Twenty 
pages covered with sextuple integrals could tell us no 
more, 

Hitherto we have only considered mutual attraction 
between the parts of two portions of one and the same 
liquid—water for instance. Consider, now, two different 
kinds of liquid: forinstance, water and carbon disulphide 
(which, for brevity, I shall call sulphide). Deal with them 

* See paper by Lord Rayleigh in Prec. Roy. Soc., No. 196, May 5s, 1879. 

" 

exactly as we dealt with the two pieces of water. I need 
not go through the whole process again; the result is 
obvious. Thirty times the excess of the sum of the surface- 
tensions of the two liquids separately, above the tension 
of the interface between them, is equal to the work done 
in letting the two bodies come together directly over the 

Bicwds 

supposed area of thirty square centimetres. Hence the 
interfacial tension per unit area of the interface ts equal to 
the excess of the sum of the surface-tenstons of the two 
liquids separately, above the work done in letting the two 
bodies come together directly so as to meetin a untt area 
of each. >In the particular case of two similar bodies 

————— 
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Fic. 5. 

coming together into perfect contact, the interfacial tension 
must be zero, and therefore the work done in letting them 
come together over a unit area must be exactly equal to 
twice the surface-tension ; which is the case we first con- 
sidered. 

If the work done between two different liquids in letting 



292 

them come together over a small area, exceeds the sum 
of the surface-tensions, the interfacial tension is negative. 
The result is an instantaneous puckering of the interface, 
as the commencement of diffusion and the well-known 
process of continued inter-diffusion follows. 

Consider next the mutual attraction between a solid 
and a liquid. Choose any particular area of the solid, 
and let a portion of the surface of the liquid be pre- 
liminarily shaped to fit it. Let now the liquid, kept for 

Fic. 6. 

the moment rigid, be allowed to come into contact over 
this area with the solid. The amount by which the work 
done per unit area of contact falls short of the surface- 
tension of the liquid is equal to the interfacial tension of 
the liquid. If the work done per unit area is exactly 
equal to the free-surface tension of the liquid, the inter- 
facial tension is zero. In this case the surface of the 
liquid when in equilibrium at the place of meeting of 
liquid and solid is at right angles to the surface of the 

solid. The angle between the free surfaces of liquid and 
solid is acute or obtuse according as the interfacial 
tension is positive or negative ; its cosine being equal to 
the interfacial tension divided by the free-surface tension. 
The greatest possible value the interfacial tension can 
have is clearly the free-surface tension, and it reaches 
this limiting value only in the, not purely static, case of a 
liquid resting on a solid of high thermal conductivity, 
kept at a temperature greatly above the boiling-point of 

6.. 
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the liquid ; as in the well-known phenomena to which 
attention has been called by Leidenfrost and Boutigny. 
There is no such limit to the absolute value of the inter- 
facial tension when negative, but its absolute value must 
be less than that of the free surface tension to admit of 
equilibrium at a line of separation between liquid and 
solid. If minus the interfacial tension is exactly equal to 
the free-surface tension, the angle between the free surfaces 
at the line of separation is exactly 180°. If minus the 
interfacial tension exceeds the free-surface tension, the 
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liquid runs all over the solid, as, for instance, water over 
a glass plate which has been very perfectly cleansed. If 
for a moment we leave the centre of the earth, and sup- 
pose ourselves anywhere else in or on the earth, we find 
the liquid running up, against gravity, in a thin film over 
the upper part of the containing vessel, and leaving the 
interface at an angle of 180° between the free surface of 
the liquid, and the surface of the film adhering to the 
solid above the bounding line of the free liquid surface. 
This is the case of water contained in a glass vessel, or in 
contact with a piece of glass of any shape, provided the 
surface of the glass be very perfectly cleansed. 
When two liquids which do not mingle, that is to say, 

two liquids of which the interfacial tension is positive, 
are placed in contact and left to themselves undis- 
turbed by gravity (in our favourite laboratory in the 
centre of the earth suppose), after performing vibra- 
tions subsiding in virtue of viscosity, the compound mass 
will come to rest, in a configuration consisting of two in- 

tersecting segments of spherical surfaces constituting the 
outer boundary of the two portions of liquid, and a third 
segment of spherical surface through their intersection 
constituting the interface between the two liquids. These 
three spherical surfaces meet at the same angles as three 
balancing forces in a plane whose magnitudes are re- 
spectively the surface tensions of the outer surfaces of the 
two liquids and the tension of their interface. Figs. 2 to 
5 illustrate these configurations in the case of bisulphide 
of carbon and water for several different proportions of 
the volumes of the two liquids. (In the figures the dark 
shading represents water in each case.) When the volume 
of each liquid is given, and the angles of meeting of the 
three surfaces are known, the problem of describing the 
three spherical surfaces is clearly determinate. It is an 
interesting enough geometrical problem. 

If we now for a moment leave our gravitationless 
laboratory, and, returning to the Theatre of the Royal 
Institution, bring our two masses of liquid into contact, 
as I now do in this glass bottle, we have the one liquid 
floating upon the other, and the form assumed by the 
floating liquid may be learned, for several different 
cases, from the phenomena exhibited in these bottles - 

—— 
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and glass beakers, and shown on an enlarged scale in 
these two diagrams (Figs. 6 to 8); which represent 
bisulphide of carbon floating on the surface of sulphate of 
zinc, and in this case (Fig. 8) the bisulphide of carbon 
drop is of nearly the maximum size capable of floating. 
Here is the bottle whose contents are represented in Fig. 
8, and we shall find that a very slight vertical disturb- 
ance serves to submerge the mass of bisulphide of 
carbon. There now it has sunk, and we shall find when 
its vibrations have ceased that the bisulphide of carbon 
has taken the form of a large sphere supported within 
the sulphate of zinc. Now, remembering that we are 
again at the centre of the earth, and that gravity does 
not hinder us, suppose the glass matter of the bottle 

suddenly to become liquid sulphate of zinc, this mass 
would become a compound sphere like the one shown 
on this diagram (Fig. 3), and would have a radius of 
about 8 centimetres. If it were sulphate of zine alone, 
and of this magnitude, its period of vibration would be 
about 54 seconds. 

Fig. 9 shows a drop of sulphate of zinc floating on a 
wine-glassful of bisulphide of carbon. 

In observing the phenomena of two liquids in contact, 
I have found it very convenient to use sulphate of zinc 
(which I find, by experiment, has the same free-surface 
tension as water) and bisulphide of carbon; as these 
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liquids do not mix when brought together, and, for 
a short time at least, there is no chemical interaction 
between them. Also, sulphate of zinc may be made 
to have a density less than, or equal to, or greater 
than, that of the bisulphide, and the bisulphide may be 
coloured to a more or less deep purple tint by iodine, and 
this enables us easily to observe drops of any one of these 
liquids on the other. In the three bottles now before 
you the clear liquid is sulphate of zinc—in one bottle it 
has a density less than, in another equal to, and in the 
third greater than, the density of the sulphide—and you 
see how, by means of the coloured sulphide, all the phe- 
nomena of drops resting upon or floating within a liquid 
into which they do not diffuse may be observed, and, 
under suitable arrangements, quantitatively estimated. 
When a liquid under the influence of gravity is sup- 

ported by a solid, it takes a configuration in which the 
difference of curvature of the free surface at different 
levels is equal to the difference of levels divided by the 
surface tension reckoned in terms of weight of unit bulk 
of the liquid as unity ; and the free surface of the liquid 
leaves the free surface of the solid at the angle whose 

Fic. 1x 

' cosine is, as stated above, equal to the interfacial 
tension divided by the free-surface tension, or at an angle 
of 180° in any case in which minus the interfacial tension 
exceeds the free-surface tension. The surface equation 
of equilibrium and the boundary conditions thus stated 
in words, suffice fully to determine the configuration when 
the volume of the liquid and the shape and dimensions of 
the solid are given. When I say determine, I do not 
mean unambiguously. There may of course be a multi- 
plicity of solutions of the problem ; as, for instance, when 
the solid presents several hollows in which, or projections 
hanging from which, portions of the liquid, or in or 
hanging from any one of which the whole liquid, may 
rest. 
When the solid is symmetrical round a vertical axis, 

the figure assumed by the liquid is that of a figure of 
revolution, and its form is determined by the equation 
given above in words. A general solution of this problem 
by the methods of the differential and integral calculus 
transcends the powers of mathematical analysis, but the 
following simple graphical method of working out what 
constitutes mathematically a complete solution, occurred 
to me a great many years ago. 

Draw a line to represent the axis of the surface of revo- 
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lution. This line is vertical in the realisation now to be 

given, and it or any line parallel to it will be called vertical 
in the drawing, and any line perpendicular to it will be 
called horizontal. The distance between any two hori- 
zontal lines in the drawing will be called dference of 
levels. 

Through any point, N, of the axis draw a line, N P, cutting 
it at any angle. With any point, 0, as centre on the line 
NP, describe a very small circular arc through P P’, and let 
N’ be the point in which the line of 0 P’ cuts the axis. 
Measure N P, N’ P’, and the difference of levels between P | L : J 

result of his labours was a series of skilfully executed and Pp’. Denoting this last by 6, and taking @ as a linear 
parameter, calculate the value of 

fo I I I ye 
(2 top tue we | 

Take this length on the compasses, and putting the 
pencil point at P’, place the other point at 0’ on the line P’N’, 
and with 0’ as centre, describe a small arc, P’ P". Con- 
tinue the process according to the same rule, and the 

successive very small arcs so drawn will constitute a 
curved line, which is the generating line of the surface of 
revolution inclosing the liquid, according to the conditions 
of the special case treated. 

This method of solving the capillary equation for sur- 
faces of revolution remained unused for fifteen or twenty 
years, until in 1874 I placed it in the hands of Mr. John 
Perry (now Professor of Mechanics at the City and Guilds 
Institute), who was then attending the Natural Philosophy 
Laboratory of Glasgow University. He worked out the 
problem with great perseverance and ability, and the 

drawings representing a large variety of cases of the 
capillary surfaces of revolution. These drawings, which 
are most instructive and valuable, I have not yet been 
able to prepare for publication, but the most characteristic 
of them have been reproduced on an enlarged scale, and 
are now on the screen before you.! Three of the diagrams, 
those to which I am now pointing (Figs. 10, 11, and 12), 
illustrate strictly theoretical solutions—that is to say, the 
curves there shown do not represent real capillary sur- 
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faces—but these mathematical extensions of the problem, 
while most interesting and instructive, are such as cannot 
be adequately:treated in the tinie now at my disposal. 

WILLIAM THOMSON 

(To be continued.) 

THE SCIENCE AND ART DEPARTMENT 
EXAMINATION IN CHEMISTRY 

HE new editor of the “Science and Art Directory” 
announces a new departure of the most important 

kind in the teaching of chemistry. In addition to the 
oral instruction in the elementary stage, there is now 
introduced an alternative first stage or elementary course 
intended {or those students who only require the elements 
of chemistr;; as a foundation for their studies in other 
subjects. 
We give the new syllabus so that it may speak for it- 

self, and congratulate the Department on a step in 

| Crystallisation. 
spring, river, and pond waters, &c. 

G. 12. 

harmony with the views of the best friends of scientific 
education in this country. 

SoLuTION.—Disappearance of a solid in a liquid by solution. 
Saturation of a liquid. Effect of increase of temperature on 
saturation. Effect of lowering the temperature on saturation. 

Filtration. Solvent properties of water. Rain, 
Solid matter in different 

waters ; how estimated. Loch Katrine water. Thames water. 
Sea water. Hard and soft waters. Mineral waters. Similar 
solvent of other liquids. Solution of one liquid in another. 
Liquids insoluble in one another. Solution of gases in water 
and other liquids. The effect of heat on the quantity of gas 
dissolved by a liquid. : A 

Experimen(s.—Suspend a piece of white sugar by a thread in 
a glass vessel containing water. Dissolve salt in water. Show 
on a balance that sugar or salt and water when separate and 
when dissolved weigh the same. Show that salt is obtained 

* The diagrams here referred to are now published in Figs. ro to 24 of the 
present report of the lecture at the Royal Institution. ‘These figures are 
accurate copies of Mr. Perry’s original drawings, and J desire to acknow- 
ledge the great care and attention which Mr. Cooper, engraver to NATURE, 
has given to the work. 

| 
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from the solution by evaporation. Saturate water with nitre, 
and show that the solubility is increased by increase of tempera- 
ture. Demonstrate the formation of crystals. Illustrate the 
removal of substances in suspension, and the non-removal of 
substances in solution by filtration. Show by evaporation the 
solid matter dissolved in a sample of pump, or river, or spring 
water, and explain the method for its quantitative determina- 
tion. Show the like solvent action with other liquids, as calcium 
chloride, in alcohol and sulphur in carbon disulphide. Compare 
the result of admixture of spirit or oil of vitriol with water with 
that of oil or mercury with water. Heat ordinary water and 
collect the expelled air. 

Arr.—Surrounds the globe. Wind is air in motion. Breathing. 
Air occupies space. The bulk of any quantity of air is much 
changed by temperature and by pressure. Air has weight. The 
necessity of air for animals and plants. Bodies when burning 
require air. Air a mixture of two gases. Oxygen and nitrogen. 
The proportion of nitrogen to oxygen. Oxygen the active body 
in air. Bodies burn in it alone and more brilliantly than in air, 
The combination of oxygen with iron and with other bodies. 
Increase of weight of bodies which unite with oxygen, Nitrogen 
does not combine directly with bodies. The nearly constant 
composition of pure air. Presence of other gases in small 
amount in air. Water in the airasagas, The drying up of 
water. 
Experiments.—That air occupies space may be shown by 

plunging a bell jar into a vessel of water. Fita flask containing 
water with an india-rubber plug and delivery tube, heat the 
water, and collect the expelled air over water. Close the short 
limb of a syphon tube containing air, and compress the air in 
the long limb by pouringin mercury. Weigh a flask, fitted with 
a stop-cock, full of air, and then exhaust by an air-pump, and 
weigh again. Show that a lighted candle is soon extinguished 
when burnt under a bell jar, but that it continues to burn if fresh 
air be from time to time supplied. Burn phosphorus in a tall 
bell jar over water, and show the diminution of bulk of air. 
Ignite phosphoius, place it in the remaining gas. Burn some 
phosphorus under a dry bell jar to show the compound of phos- 
phorus and oxygen which is formed. Place phosphorus in a 
graduated tube over water to show that at ordinary temperatures 
it combines with the oxygen of the air and removes it, so that 
by measuring the volume of gas left, the amount of oxygen con- 
tained in air can be roughly determined (to introduce the phos- 
phorus, fuse it in a test-tube under water, and introduce the end 
of a long wire into it, then let it cool). Burn charcoal and 
sulphur in oxygen, and call attention to their disappearance. 
Demonstrate by lime water and by litmus paper that a new body 
is in each case formed. Burn iron powder (ferrum vidactum) 
on a scale pan of a balance, to show that an increase of weight 
occurs. A glass or metal vessel filled with ice or cold water can 
be used to show the condensation of mixture upon it. Place 
calcium chloride on the pan of a balance to show the gradual 
increase of weight which occurs. 

WatTER.—Its three states. Expansion of water by heat. 
Equal volumes at different temperatures have not the same 
weight. Formation of currents in water by heating. Boiling 
point. Increase of volume on conversion of water into steam. 
Distillation. Pure water. Hydrogen and its properties. The 
burning of hydrogen in air, and the weight of the product com- 
pared with the weight of the hydrogen ; the difference due to 
oxygen of the air with which hydrogen has combined. Hence 
oxygen and hydrogen are the constituents of water. Combina- 
tion of oxygen and hydrogen with explosion to form water. If 
by measure there be twice as much hydrogen as oxygen, or by 
weight eight times as much oxygen as hydrogen, then no gas 
remains—all becomes water. All water composed of these two 
bodies in this proportion. These two bodies can then be sepa- 
rated from water and can be made to make, unite, and form 
water. In all cases of chemical combination bodies are united 
in constant proportion. 

Experiments.—Illustrate the characteristic properties of ice, 
water, and steam. Show that equal volumes of hot and cold 
water do not counterbalance one another. Fill a flask to the 
bottom of the neck with cold water, and then heat to show ex- 
pansion of the water. Show current by heating a large flask of 
water. To illustrate distillation, distil water containing copper 
sulphate. Show Liebig’s or other forms of condensers. Show 
the mode of determining the boiling point of a liquid. Show 
that the temperature remains constant, and that on dissolving 
substances in water the boiling point is raised. To show the 

presence of hydrogen in water, pass steam through a red-hot 
iron tube filled with coarse iron turnings or nails. Water formed 
of two components, both gaseous. Note the change in the 
iron both in appearance and weight. This increase of weight 
and the weight of gas which comes off equals weight of steam 
which has disappeared. Hence two substances in water, one 
the combustible gas that comes through the tube, the other the 
body which remains with the iron. Collect the hydrogen over cold 
water in proof that it is not steam, also show that it burns. 
After the tube is cooled show the iron from inside of the tube 
and explode the oxygen and hydrogen. Plunge a burning taper 
into jar of hydro en held mouth downwards, to show burning of 
the gas and extinction of the taper. Show by a balloon, or 
soap bubbles, or inverted beaker glass suspended froma balance, 
that hydrogen is lighter than air. Condense the water formed 
by the burning of a jet of hydrogen. 

Carbon.—Charcoal, graphite, or blacklead and diamond. 
When wood, sugar, meat, bread are heated carbon remains. 
Charcoal not changed in the air at ordinary temperatures. 
Combination of carbon with the oxygen of the air at a red heat. 
Carbon dioxide a compound of carbon and oxygen. Chemical 
combination of carbon and oxygen is attended by the evolution 
of adefinite amount of heat expressed by amount of water it will 
heat. Combustion. The properties of carbon dioxide. Water 
dissolves carbon dioxide at ordinary temperatures. Action of 
carbon dioxide on lime-water; no animal can live in this gas. 
100 parts of carbon dioxide are composed of 27'27 parts of 
carbon, and 72°73 parts of oxygen. Carbon dioxide obtained 
from marble, limestone, oyster-shells, chalk, &c. Charcoal fire. 
Coal composed of carbon, hydrogen, and a little oxygen, &e. ; 
its burning is the carbon and the hydrogen combining with 
oxygen. Whenever oil, tallow, coal gas are burnt this carbon 
dioxide and oxide of hydrogen (water) are formed. Respiraticn 
produces similar changes. In expired air the same products 
arise as from the burning of the food, and there is the same evo- 
lution of heat. Carbon a constituent of all animal and vegetable 
bodies. 

Experiments.—Specimens of charcoal. Make charcoal by 
heating wood in covered crucible. The black lead of a pencil as 
a specimen of graphite. Sugar heated on piece of tin plate. 
Show that acids and alkalies do not change charcoal, but that 
when heated it soon burns away, and only ash is left. Take a 
small piece of charcoal in a glass tube, pass air over it into lime 
water, and show no change takes place until the charcoal is 
made red hot ; as the charcoal disappears the lime water becomes 
milky. Show by means of the balance, or by soap bubbles, or 
by passing it from one vessel to another, that carbon dioxide is 
heavier than air, that it acts on lime water, that a burning candle 
is extinguished in it. Its solubility in water shown by agitating 
a tube of the gas over water. Prepare the gas from marble by 
the action on it of dilute acid. Collect all the gas given off from 
a small piece of marble weighing 5 or 10 grains. Show by 
collecting in inverted beaker the products of combustion of a 
candle, of a lamp, and of a gas flame, and adding lime water, 
that carbon dioxide is given off. Show also by means of lime 
water that respired air contains this gas. 
SuLPHUR.—Known also as brimstone. Where found. Its 

properties. Is also found chemically combined with many metals, 
so not recognisable by the eye. Sulphur heated in the air melts ; 
more strongly heated it burns, then the sulphur disappears ; the 
strong smell produced belongs to a new body formed by the burn- 
ing, a compound of sulphur and oxygen. Gaseous properties of 
the new body, its effect on blue litmus paper, which oxygen and 

sulphur have not. Its composition is 50°00 parts of sulphur and 

50°00 parts of oxygen, and it is called sulphur dioxide. Water 

dissolves nearly fifty times its volume of this gas, and then turns 

blue litmus strongly red and has an acid taste. The combination 

of the gas and water to form sulphurous acid. Another com- 

pound of sulphur and oxygen can be made, in which the same 

weight of sulphur is combined with more oxygen. One hundred 

parts contain 4o of sulphur and 60 of oxygen, and it is called 

sulphur trioxide. Sulphur trioxide has properties differing from 

the dioxide. If the dioxide and oxygen be mixed they do not 

combine, but if they are passed over hot platinum dense white 

fumes are formed, which are the trioxide. Combination of the 

trioxide with water to form sulphuric acid (oil of vitriol). i 

Experiments.—Show roll and flowers of sulphur and specimen 

of native sulphur, also iron pyrites and other native sulphides. 

Powder iron pyrites and heat it in a tube held horizontally over a 

lamp to show the sulphur obtained from the pyrites. Show the 
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melting of sulphur by heating flowers of sulphur in small flask. 
Heat sulphur on a piece of tin plate till it catches fire, show the 
colour of the flame and observe the smell of burning sulphur. 
Prepare sulphur dioxide by heating copper turnings in sulphuric 
acid, and show that it extinguishes flame, is very soluble in water, 
and that the water dissolving it becomes very acid, turning blue 
litmus red. Bubble air through a strong solution of sulphur 
dioxide, and then over platinised asbestos ; demonstrate that when 
the platinised asbestos is hot dense white fumes are formed of the 
sulphur trioxide. Pour some sulphuric acid into 20 or 30 times 
its volume of water and prove its acid taste, its action on litmus, 
and its power of causing effervescence if dropped on sodium car- 
bonate. Show that sulphuric acid is a colourless liquid, that bulk 
for bulk it is much heavier, more than 19 times, than water. 
Show bya thermometer or by immersing a test tube with spirit in 
it that a large amount of heat is evolved when this acid is poured 
into water. Pour sone on sugar or shake it up with oil to show 
its action on organic bodies. 
CHLORINE.—The gas obtained by the action of hydrochloric 

acid on the black oxide of manganese. So called on account of 
its colour. Its characteristic smell. Is 24 times heavier than 
air and 354 times heavier than hydrogen. Soluble in water. 
Many substances take fire in chlorine gas, e.g., phosphorus, and 
form chlorides. Ignition of oil of turpentine in chlorine with 
separation of carbon and formation of hydrochloric acid. Bleach- 
ing power of chlorine. Bleaching-powder. 

Lxperiments.—Samples of common salt, rock-salt. Prepare 
chlorine from (1) mixture of common salt, black oxide of man- 
ganese and sulphuric acid ; (2) from mixture of black oxide of 
manganese and hydrochloric acid. Collect gas by downward 
displacement. Draw attention to its colour, and show that 
phosphorus spontaneously inflames in the gas to form chemical 
compound of phosphorus and chlorine. Show that oil of tur- 
pentine ignites spontaneously in chlorine. Show that sodium when 
strongly heated burns in chlorine and forms common salt. Show 
bleaching action of chlorine by dipping moistened Turkey red 
rag in bottle filled with gas. Show similar action with solution 
of bleaching: powder and acid. Show that chlorine is soluble in 
water and that the solution has characteristic smell and colour of 
the gas. 
Acips.—Are bodies which have sour taste, turn blue litmus 

red, and liberate carbon dioxide when added to solution of sodium 
carbonate. Sulphuric acid has these properties. Its specific 
gravity. Colourless when pure. Evolves heat on being mixed 
with water. There are two other common bodies which have 
strong acid properties like sulphuric acid, these are nitric acid 
and hydrochloric or muriatic acid; these are made of different 
constituents from sulphuric acid. All act on litmus, &c. in same 
way ; allcan be neutralised by potash forming potassium sulphate, 
or nitrate, or chloride. The compound formed by the union of 
an acid and alkali is called a salt. All three acids are colourless 
liquids, but, beside the properties possessed by all acids, each acid 
has properties which belong to it alone. Nitric acid attacks most 
metals. 
are formed. Hydrochloric acid does not dissolve copper, is not so 
heavy as sulphuric acid ; when mixed with manganese dioxide 
gives off a yellow irrespirable gas known as chlorine. 
Experiments.—Samples of both nitric and hydrochloric acid. 

Show that they have all the properties belonging to acids and that | 
by neutralising them common salt and nitre can be made. Show 
the action of nitric acid on copper, tin foil, &c. Show that it has 
no action on platinum or on gold. Copper placed in hydrochloric 
acid not attacked, but if mixed with manganese dioxide and 
warmed chlorine is given off. 
ALKALIES.—Are another class of bodies which turn red litmus 

blue ; have soapy taste and absorb carbon dioxide. 
be added gradually to sulphuric acid the properties of both bodies 
gradually disappear, and at last a liquid is obtained that has no 
action on litmus. The combination of acid and alkali and the 
body formation of sulphate of potash or potassium sulphate ; sul- 
phate of soda or sulphate of ammonia can be formed in asimilar 
manner. 

Lxperiments.—Show that solutions of potash, soda, and 
ammonia turn reddened litmus blue, and that when a tube con- 
taining carbon dioxide is inverted in any of these solutions the 
gas is absorbed. The taste of these bodies is soapy not sour. 
Add gradually to dilute sulphuric acid one of these bodies, and 
see that the acid character of the dilute sulphuric acid disappears. 
Neutralise exactly sulphuric acid with potash, then evaporate and 
crystallise out the salt formed. 

Poured on copper the metal is dissolved and red fumes | 

If potash | 
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AMMONIA.—A gas with a very pungent smell, Solution in 
water. One volume of water dissolves 800 volumes of ammonia. 
This liquid has the pungent smell of the gas, and it can neutralise 
the strongest acids. Formation of ammonium zhloride or sal 
ammoniac by ammonia with hydrochloric aci¢. Ammonium 
chloride a white solid, soluble in water, with no smell of ammonia. 
Ammonium chloride a volatile body. The effect of boiling a solu- 
tion of ammonium chloride with lime or potash. Ammonia is com- 
posed of 82°3 parts of nitrogen and 17°7 parts cf hydrogen. The 
pungent odour of smelling salts is due to ammonia. Animal 
matters, such as horn, dried flesh, glue, cheese, isinglass, heated 
so as to decompose these bodies, yield ammonia. The formation 
of ammonia in large quantities by heating coal to make coal gas. 
Production of ammonia when animal matters containing nitrogen 
putrify. 

Experiments.—Prepare ammonia by treating ammonium chlo- 
ride with an equal weight of slaked lime and enough water to 
make the whole into a thick mud ; and demonstrate its smell, its 
action on red litmus, and its great solubility in water. The gas 
passed into water, the increase of volume of the liquid. Its pro- 
perties and their identity with those of the gas. Volatility of 
ammonia shown by the liquid leaving no residue on evaporation. 
Show that ammonium chloride is formed by neutralising a solu- 
tion of ammonia with hydrochloric acid, and is obtained as a solid 
on evaporation, and that on further heating it is volatilised, Heat 
coal in a coarse powder in a glass tube, and show that the liquid 
obtained is very alkaline. Show the formation of ammonia by 
the addition of potash and lime to a solution of ammonium chloride. 

LIME AND CLAy.—Limestone, marble, oyster-shells, chalk, 
all contain a metal known as calcium. The oxide of this metal 
known as lime. Lime and carbon dioxide are together present 
in limestone, marble, shells, and chalk. When these are strongly 
heated, especially in a current of air, the carbon dioxide is evolved 
and the lime is left. Action of water on lime. Its use in making 
mortar. Lime slightly soluble in water. On blowing carbon 
dioxide into a clear solution of lime (lime-water), liquid becomes 
turbid, owing to combination of carbon dioxide and lime to form 
chalk. Same effect on breathing through lime-water. Other 
important salts of lime are gypsum or plaster of Paris (sulphate 
of lime) and phosphate of lime, which exists largely in bone. 
Clay is a combination of a body called silica, which is the chief 
constituent of sand and flint, with the oxide of a metal known as 
aluminium, so called because it exists also in alum. Glass is a 
compound of silica with lime and an alkali, potash or soda. 
Varieties of clay ; their use in manufacture of bricks and pots. 
The metal of clay (aluminium), a white body with a brilliant 
lustre, 25 times heavier than water ; may be rolled out into thin 
sheets and drawn into fine wire. Not oxidised in the air, 

Experiments.—Samples of limestone, marble, oyster shells. 
Show that these substances effervesce with dilute hydrochloric 
acid, and that a gas carbon dioxide is evolved. Heat a piece of 
limestone or marble to redness in a fire, and show that after 
heating it no longer gives off carbon dioxide on treatment with 
an acid. Describe process of lime-burning. Properties of lime 
as distinguished from limestone. Show that a piece of moistened 
red litmus paper pressed against limestone is not affected, but 
that when pressed against lime it is turned blue. Show slaking 
of lime ; draw attention to heat evolved. No such result on 
treating limestone with water. Show that lime is soluble in 
water, whereas limestone is not. Add carbon dioxide to the 
solution of lime, and show that white powder is formed which on 
treatment with acid evolves carbon dioxide again. Explain that 
white powder thus formed is identical in chemical composition 
with limestone, and hence that limestone isa compound of carbon 
dioxide and lime. Explain use of lime in making mortar. 
Various samples of clay are used in manufacture of bricks and 
pots. Show plasticity of clay and exhibit one or two specimens 
of ware before being baked. Show that a vessel of kneaded or 
“*puddled” clay will hold water. Explain chemical nature of 
clay, and show specimens of silica and alumina. Show alum and 
demonstrate that alumina is contained in it by heating ammonia 
alum. Show specimen of aluminium and explain that this metal 
is contained in alumina and therefore in clay. 

- METALS, INTRODUCTORY.—About 70 different elementary 
subjects known. Almost all the common metals are elements. 
For instance, iron, lead, copper, zinc, mercury, silver, gold, tin, 
are elements. All combine with oxygen to form oxides, with 
chlorine to form chlorides, and with sulphur to form sulphides. 

E-xperiment.—Specimens of metallic and non-metallic elements 
and of oxides and sulphides. 
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LEAD.—Its colour ; a fresh surface bright, but soon tarnishes 
in the air. Is heavy. Lead is 114 times heavier than water. 
Can be beaten or rolled into thin sheet or drawn into wire. 
Melts at temperature 633° F. Can becast in amould. Its com- 
bination when liquid with oxygen. Formation of lead oxide. 
The oxide has entirely different properties from lead. Removal 
of the oxygen when heated with carbon and the formation of 
metallic lead. Formation of red lead by heating the oxide. 
Solution of lead by nitric acid and the formation of lead nitrate. 
Solution of lead oxide by nitric acid and the formation of lead 
nitrate. Similarly to potassium nitrate this is to be termed ‘‘a 
salt.” Its solution in water. Other salts of lead, chloride, 
sulphate. Formation of sulphate and chloride of lead, their 
insolubility in water. Galena, or lead sulphide, one of the ores 
from which lead is obtained. 
Experiments.—Piece of lead to scrape and show it is then 

bright and has ‘‘ metallic” appearance. Show by balance that 
compared with water it is bulk for bulk much heavier. Show 
the metal beaten out into thin sheet, also as wire. Melt lead in 
an iron spoon, and cast in a mould. Show formation of oxide 
by blowing air onto the melted metal. Contrast the properties 
of the oxide with those of the metal. Convert the oxide again 
into metal by strongly heating an intimate mixture of it and 
charcoal powder. Heat the oxide to show its further oxidation 
and the formation of red lead. Show the action of nitric acid 
on lead, also on lead oxide, and. the formation of lead nitrate. 
Show this is “salt,” and prove that it is soluble in water. De- 
monstrate that the first is very slightly soluble, and the last 
almost insoluble in water. Show the formation of chloride and 
sulphate of lead by the addition of the respective acids to a 
solution of lead nitrate. Collect on filter the salts so formed, 
wash and dry them. Show specimen of Galena (lead sulphide). 
Tron.—Not used in a pure condition, always obtained united 

with carbon. Three kinds of iron; wrought iron, cast iron, and 
steel. Wrought iron the purest and used if the body is to be 
formed by hammering. Cast iron contains most carbon. Steel 
used for cutting instruments ; can be made into a magnet; can 
be ‘‘annealed.” Solubility of all three forms of iron in sul- 
phuric, nitric, and in hydrochloric acids, and the formation of 
iron sulphate, nitrate, and chloride. Their solubility in water. 
Melting point of iron is at much higher temperature than that of 
lead. Comparison of the weight of iron with that of water. 
Its colour. The ready action of air on it. Formation of rust. 
Oxidation by heating. The action of steam on iron when red 
hot. Oxide of iron heated with hydrogen or with carbon parts 
with its oxygen, and iron is left. Oxide of iron found in the 
earth. Hematite. A carbonate of iron mixed with clay used 
as a source of iron. Heating the ore the iron is converted into 
oxide. Removal of the oxygen by heating it to a very high 
temperature with carbon. Formation of slag from clay and lime. 

Experiments.—Specimens of the different kinds of iron, 
wrought iron, cast iron, and steel. Dissolve cast iron in hydro- 
chloric acid diluted with equal volume of water, show carbon 
which remains, filter and evaporate the liquid to show the chloride 
of iron formed. Heat iron wire by the blowpipe to show the 
high temperature required to fuse it. Iron acted on by air and 
moisture to show its rusting. Heat iron oxide in a tube and pass 

hydrogen over it to show formation of water and metallic iron. 
Show specimens of iron ores, clay iron stone. Hematite 
magnetic iron ore, and slag. 

Correr.—Its colour. Does not rust in air at ordinary 
temperatures. Thin wire melts in flame of Bunsen burner. 
When heated in air becomes black, owing to formation of an 
oxide. Oxide heated in hydrogen gas yields up its oxygen, water 
is formed, and the red-coloured copper is obtained. Action of 
acids on copper. With dilute nitric acid evolves a colourless gas, 
which turns red in contact with the air, and the metal dissolves, 
forming a green solution of copper nitrate. Heated with sul- 
phuric acid copper yields sulphur dioxide, the same gas which is 
formed when sulphur burns in air or in oxygen. Substance 
formed when copper dissolved in sulphuric acid is when crystal- 
lised from water of a fine blue colour, known as copper sulphate 
or blue vitriol. Action of vegetable acids on copper. Verdigris. 
Use of copper in alloys. A penny composed of 95 parts of 
copper, 4 parts of tin, and 1 part of zinc. Bell metal and gun 
metal contain copper and tin. 
Experiments.—Show specimens of copper in bar, sheet, and 

wire. Point out characteristic colour of metal. Heat piece of 
sheet copper over flame of Bunsen burner. Show formation of 
black film. Explain its origin. Take black oxide of copper 

and heat in hydrogen gas. Show that metal is again formed and 
that water is produced. Show action of nitric and sulphuric 
acids upon copper. Exhibit specimen of copper sulphate (blue 
vitriol). Show that on placing a knife blade in a solution of 
copper sulphate metallic copper is formed on the steel. Show 
sample of verdigris and explain how formed. Show various 
alloys of copper, bell-metal; brass, gun-metal, &c., a penny- 
piece. 
Mercury.—A liquid metal, but if it be cooled to — 40° 

Fahrenheit it is solid. Its metallic appearance. Its weight ; 
heaviest liquid known ; 13°6 times heavier than water. Use in 
the barometer and thermometer. Does not rust or tarnish in the 
air at ordinary temperatures, oxidation if heated to about 600° F. 
in the air, and the formation of red mercuric oxide, Is readily 
attacked and dissolved by nitric acid. It dissolves many metals, 
-.g., tin, lead, &c. ; amalgams. Mercury in combination with 
sulphur, as cinnabar. Mercury can be obtained from any salt of 
mercury by heat, volatilization of mercury, and the condensation 
of the vapour. 
Experiments.—Specimen of mercury. Show that to balance 

a given volume of mercury 134 volumes of water are necessary. 
Boil a little mercury in a tube to show it vaporizes. Treat 
mercury with nitric acid and show its solution. Show that tin 
foil is dissolved by mercury, which becomes less fluid. Heat 
mercuric oxide in a tube and collect both the oxygen and the 
mercury. Heat mercuric chloride in tube sealed at one end with 
dry sodium carbonate and show the metallic mercury condensed 
on the side of the tube. 
Soptum.—Common salt contains a metal combined with 

chlorine known as sodium. 100 parts of common salt contain 
39°3 parts of Sodium and 60°7 parts of Chlorine. Carbonate of 
soda (washing soda) contains sodium. Sodium obtained on 
strongly heating carbonate of soda with charcoal. Sodium one 
of the lightest solids known. Swims on the surface of water 
and decomposes that liquid with evolution of hydrogen and 
formation of the alkali soda. Other properties of the metal 
sodium : its low fusibility and softness. Its tarnishing in air. 
Preservation of sodium from action of air by being kept in same 
liquid lighter than water and free from oxygen. 

Experiments.—Samples of common salt and rock salt ; also 
washing soda and bicarbonate of soda. Recall experiment 
showing that chlorine is constituent of common salt. Show that 
washing soda and sodium bicarbonate evolve carbon dioxide on 
treatment with an acid. Common salt a compound of chlorine 
with a metal called sodium ; bicarbonate of soda and washing 
soda compounds of carbon dioxide and sodium. Sodium can be 
made by strongly heating sodiu n carbonate with charcoal. Ex- 
hibit specimen of portions sodium. Show that it can be cut with 
a knife, and that the so cut can be pressed together again. Ex- 
hibit metallic lustre of sodium ; show that it quickly tarnishes in 
the air. Show that sodium is lighter than water and decomposes 
that liquid with evolution of gas (hydrogen). Collect hydrogen 
from water by thrusting small piece of sodium beneath test-tube 
filled with water and standing in basin of water. 

Carbon CompouNpDs.—Large numbers of substances are met 
with in plants and animals which are not found in the earth. 
Most of these bodies contain carbon. The other elements united 
with the carbon are hydrogen, oxygen, nitrogen ; some bodies 
are composed of all these elements ; others of only two of them. 
Many of these bodies when heated leave black residue of carbon ; 
when this is more strongly heated it burns away. The great 
number of these carbon compounds, and the great difference in 
their properties. Sone are acids, ¢g., vinegar (acetic acid), 
and tartaric acid, Some are salts, eg, fats, tallow, butter. 
Some are neutral bodies, ¢.g., sugar, starch, spirit. 
Experiment.—Show that on heating any ordinary vegetable or 

animal substance carbon is left behind. 
Acetic Acip.—One form of dilute acetic acid is known as 

vinegar. Formation of acetic acid when beer or wine exposed 
to the air becomes sour. The spirit present combines with 
oxygen of the air and forms acetic acid. The presence of a kind 
of fungus called mycoderma aceti necessary to cause this oxida- 
tion. Large amount of vinegar is made from poor kinds of wine 
and beer. Action of vinegar on blue litmus, and on sodium 
carbonate. Vinegar is also made by heating wood in a retort ; 
a great many bodies distil over, among them acetic acid, The 
pure acid has very pungent smell, and has all the properties 
which are characteristic of the acids. Boils at 246° F. Dis- 
solves in water. It is composed of carbon, hydrogen, and oxygen 
in the proportion of 40’0 parts of ciwrbon, 6°7 parts of hydrogen, 
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and 53°3 parts of oxygen. It is neutralised by alkalies like sul- 
phuric acid. Iron put into it is slowly dissolved, hydrogen being 
given off. Oxide of lead dissolves in it, forming a salt, and if 
the clear solution be evaporated a white crystalline body called 
‘sugar of lead’? is formed, which is lead acetate. The vinegar 
smell belongs only to the acid, not to the salts. Sodium acetate 
has no smell ; add toit sulphuric acid and warm, when the smell 
shows the acid has been liberated and that it is volatile. 
Experiments.—Show that vinegar has the properties of an 

acid, and that a salt is formed on neutralising it. Show a 
specimen of the commercial acetic acid, and point out its colour- 
less appearance and strong smell and acid reaction. Show that 
iron is acted on and dissolved by acetic acid. Make sugar of 
lead by dissolving lead oxide in acetic acid, and crystallise out 
the salt. Point out disappearance of the pungent odour of the 
acid on neutralisation by potash or soda. Demonstrate the 
liberation of the acid as indicated by the odour on addition of 
sulphuric acid to sodium acetate, and show that it can be 
separated from the liquid by distillation. 

TARTARIC AcID.—Occurs in many fruits; especially in 
““c grapes. Is obtained from ‘‘argol,” an impure potassium salt of 

tartaric acid, deposited when grape juice ferments. Tartaric 
acid is a crystalline solid, and dissolves easily in water. Has no 
smell. Is composed of carbon, hydrogen, and oxygen, 7.e., the 
same elements as are in acetic acid but in different proportions, 
viz. : 32°0 parts of carbon, 40 parts of hydrogen, and 640 parts 
of oxygen. Its action on sodium carbonate. Effervescing 
draughts ; seidlitz powders. Tartrates. 

Experiments.— Specimen of argol and of crystals of tartaric 
acid. Show solubility of the solid acid in water, and that the 
solution has acid properties and is without odour. Demonstrate 
the presence of carbon in the acid by ignition. 

Far AND OILs.—Are neutral bodies made up of an acid and 
a base, the base in all cases is glycerine, the acid varies in 
different oils and fats. They are all insoluble in water. Oils 
are liquid ; fats are solid. Many of the oils are obtained from 
vegetables, either from the seed or fruit. Most of the fats are 
from animals. Melting of tallow (fat of the ox, sheep, &c.) 
put in boiling water. Its non-solution in water. Its lightness 
as compared with water. If a solution of caustic potash be 
added, and the solution of the liquid boiled, the fat disappears 
and the liquid becomes slightly milky, and nearly the whole 
dissolves. Combination of the potash with the acid (stearic) of 
the tallow and formation of potassium stearate. Previously the 
stearic acid was combined with glycerine. To the solution of 
potassium stearate hydrochloric acid is added. The potash is 
again separated from the stearic acid, and the stearic acid, 
as it cannot dissolve in water, separates out. Stearic acid dis- 
solves in alcohol and in ether and separates out in crystals. 
Used in making candles, and is better than tal'ow because it 
melts at a higher temperature. Tallow distilled with steam of 
temperature 609° F. (high pressure steam). separates into stearic 
acid and glycerine, and when cold these bodies remain separate. 
All oils and fats are decomposed by potash in the same way as 
tallow. 

Experimen’s.—Tie beef or mutton fat up in muslin bag, and 
melt to separate the fat from membranous matter Show that 
fat is insoluble in water, that it floats on water, and melts at a 
temperature below boiling water. Show that oil has very similar 
properties to melted fat. Boil oil or fat with caustic potash. 
Prepare a solution of potassium stearate, and precipitate stearic 
acid from it by the addition of hydrochloric acid. Show the 
solubility of the acid in alcohol and ether, and the insolubility 
of the lime salt of stearic acid. 
GLYCERINE.—A thick colourless liquid with a sweet taste. 

Dissolves readily in water. When quite pure becomes solid 
at a low temperature. If heated alone it is destroyed, but if 
heated with water in a retort it distils over with the steam. 
Heated with acids it combines with them, and bodies similar to 
fats are formed. 

Expertment.—Specimen of glycerine. 
bility in water and its sweet taste. 

Soapr.—By boiling fat with caustic soda sodium stearate is 
formed. On adding salt to the liquid the sodium stearate, which 
is soap, separates out and solidifies on the surface of the liquid. 
Soft soap is potassium stearate. Action of soap in washing. 
Action of soap on hard and on soft waters. 
Experiment.—Shake distilled water up in bottle with soap. 

Show action of solution of salts and acids on the solution. Add 
soap solution to distilled water, also to common water, and 

Demonstrate its solu- 

J 

explain the difference of action. Show the presence of stearic 
acid in soap by adding hydrochloric acid to a solution of soap. 

SuGAR.—Exists in many plants. Is obtained from the sugar- 
cane ; also from beetroot. The juice of these plants yields the 
sugar. When pure it is white, crystalline, sweet, and very 
soluble in water. Sugar candy. If heated with very little water 
to 365° F., on cooling it is no longer crystalline and is ‘* barley 
sugar.” Does not combine with acids, but even a very little 
acid boiled for a long time with a solution of sugar changes it 
to another kind of sugar. Composition of cane sugar. The 
several different kinds of sugar, e.g., the solid part of honey is 
a sugar which differs from the sugar in the sugar-cane ; the same 
found in all sweet fruits and is called grape-sugar. Grape-sugar 
not so sweet nor so soluble as cane-sugar. 

Lxperiment.—Specimens of ordinary white and brown sugar ; 
also sugar candy and barley sugar. Show its great solubility in 
water ; also that its solution is neutral. Heat it and point out 
the peculiar odour it gives oat, and that on further continuing 
the heat it leaves a residue of carbon. Wash honey with spirit, 
and show the residue is sugar, but that it is not sweet as ordinary 
sugar, and not so soluble. 
STARCH.—A neutral substance, composed of carbon, hydrogen, 

and oxygen. Composition. Peculiar structure ; not crystalline. 
Is found in all parts of a plant. Is obtained from wheat, rice, 
potatoes, arrowroot, &c. Starch in its ordinary condition in- 
soluble in water. When starch powder is boiled with water, the 
membrane of starch cells bursts, and the starch is partially dis- 
solved. Strong solutions form a jelly when cold. Used for 
stiffening linen. Starch recognised by its forming a blue com- 
pound with iodine. Undergoes no change in the air at ordinary 
temperatures ; if heated to about 300° F. it becomes slightly dis-~ 
coloured and is changed into a soluble body, known as British 
gum (dextrin). If small amount of nitric or hydrochloric acid 
be added to the starch this change is more rapid. Extract of 
malt also changes starch into soluble compounds. Starch as a 
food. 

Experiment.—Specimen (of starch), point out its peculiar 
structure and absence of crystalline form, Demonstrate that it 
does not dissolve in cold water, but on boiling some does dis- 
solve. Show that starch both solid and in solution gives a blue 
colour when iodine is added to it. Moisten starch with very 
dilute hydrochloric acid, and heat to convert it into a gum, 
which is thus soluble in water. 

GLUTEN.—TIf flour is tied up in a calico bag and well kneaded 
in a basin of water, the water becomes milky, and on standing 
starch sinks to the bottom. All the starch in the flour can thus 
be removed, and then a sticky substance remains in the bag 
called gluten. About 70 per cent. of flour is starch and 10 per 
cent. is gluten. Gluten contains nitrogen, starch does not. These 
bodies represent two most important constituents of food. 
The gluten exposed to the air soon decomposes and smells very 
disagreeably (putrifies). 

Experiment.—Tie some flour up in a piece of calico and knead 
it for some time in a vessel of water ; the starch comes through, 
and will settle to the bottom of the vessel, and can be collected 
and examined ; the gluten remains in the bag. 

Spirit.—Alcohol, spirits of wine. A colourless, light liquid. — 
Neutral to test papers. Has pleasant odour, boils at 173° F. 
Burns with a flame, which gives very little light, without leaving 
any black residue of carbon. A large number of different 
bodies dissolve in it. It is the intoxicating principle in wines 
and spirits. In beer there is 3 to 5 per cent. of alcohol. In 
light wines about 8 per cent. In spirits 60 to 75 per cent. The 
different flavours of wines and spirits depend on very small 
quantities of other bodies present. Alcohol dissolves in water, 
giving out heat. 

«Proof spirit” contains 50°76 parts of water, and 49°24 parts 
of alcohol. If more water be present the spirit will not set fire 
to gunpowder when burning. Alcohol obtained from grape 
sugar. Fermentation grape sugar converted into alcohol and 
carbon dioxide by presence of some ferment which exists in 
yeast. Cane sugar on the addition of yeast is first converted 
into grape sugar, then into alcohol and carbon dioxide. Use of 
yeast in brewing. Not neces ary for making wine, as there is 
already a ferment in expressed juice of grape. mney 
Experiment.—Show it is neutral liquid dissolving in water, 

that it burns with nearly colourless flame, and leaves no residue 
of carbon. Show that it can be made to boil at much lower 
temperature than water by placing test-tube of it in hot water. 
Distil beer and collect the alcohol and water which comes over ; 

> 

% 
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add quicklime to this. Allow it to stand some hours, and distil 
again. Show that this is much stronger, catches fire readily, 
and tastes more burning. Make a solution of common sugar in 
a large flask ; add yeast, and fit a cork with a bent tube to the 
flask. Let the tube dip into lime water. Place it in a warm 
place, and after some days show that spirit has been formed in 
the flask by distilling the liquid and collecting the portion 
coming over first. 

All the substances and experiments mentioned above are to 
be shown to the class. This does not preclude such other ex- 
periments and illustrations as may suggest themselves to the 
teacher. 

NOTES 

WE trust that it is not in the least likely that the proposal 

“*From a Correspondent” in Saturday’s 7zzes to remove the 
Science Museum to make way for a permanent Colonial Museum 
will receive serious attention in any influential quarter. For this 
proposal really involves the monstrous step of shunting col- 
lections which have been brought together with so much trouble 

and at so much expense. Their value was recognised by the 
Duke of Devonshire’s Commission. As to the Colonial Museum 
we shall be in a better position to express an opinion upon it 
when its nature and objects are further developed. We wish in 
no way to disparage it; but there is room for it elsewhere. 

Why should its founders try to build it on the ruins of an existing 
and valuable collection ? 

THE thirty-fifth meeting of the American Association for the 
Advancement of Science will be held at Buffalo, from Wednes- 

day, August 18, until Tuesday evening, August 24, 1886. For 
the third time, at intervals of ten years each, the Association 

has accepted an invitation to hold a meeting in Buffalo. The 
Local Committee intend to make the meeting a great success : 
and members who were at the meeting of 1876 need only to 

recall it in order to form an idea of what the coming meeting 
promises to be. The facilities which the city offers are all 
that can be desired, both in regard to rooms for the several 

Sections and in hotel accommodation, while the health and 

comfort of the city in the month of August are well known. 

The headquarters of the Association will be at the High School, 
and all the offices and meeting-rooms will be in that building or 

in one of the schoolhouses near by. The hotel headquarters 
will be at the Genesee House. A special circular in relation to 
railroads, hotels, and other matters, has been issued by the Local 

Committee. Arrangements for excursions and receptions will be 
announced by the Local Committee. The officers of Sections 

D and H have issued special circulars relating to the meeting, 

which can be had by addressing the respective secretaries. 
Special information relating to any of the Sections will be fur- 
nished by their officers. In Section E special attention will be 
given to the problems connected with the Niagara Falls and its 
gorge. 

WE have only just received the Proceedings of the American 

Association for the Advancement of Science at the Philadelphia 

meeting of 1884. The volume is particularly well printed and 
fully illustrated. 

THE Institution of Naval Architects is holding a summer 

meeting at Liverpool this week. 

THE recent elections have done nothing to alter the compara- 

tively small but distinguished band of men of science in the House 
of Commons. Sir John Lubbock retains his seat for London 
University. The electors of South Manchester have remained 
faithful to Sir Henry Roscoe, and those of South Leeds to Sir 
Lyon Playfair. Mr. Story-Maskelyne returns from North Wilt- 
shire, and Sir Edward Reed, after one of the principal contests 
of the ejection, from Cardiff. 

M. JANSSEN is continuing, at Meudon, his researches on the 
influence of gases on the rays of the spectrum. He is building 
tubes, which can be loaded with 1000 atmospheres of hydrogen, 

oxygen, or carbonic acid. In this last case the real density of the 

gas will be superior to the density of water. The filling of the 

tubes to these high pressures is not directly obtained by pres- 

sure ; they are loaded by a sort of step-by-step or cascade 
process. This is a very long affair. After the filling of 

these tubes some time must be allowed for the settling 

down of the dust which has been raised by compression. As 
long as the cloud of minute particles is floating, the colour 

of the light traversing longitudinally the tubes is blood-red. 

This effect can be shown with a far lessened pressure. 

Mr. J. M. Horspurcu has been appointed Secretary of 

University College, London, to enter upon his duties on 

October 1. 

DurinG the last ten years M. Marcel Deprez has been 
engaged in experiments connected with the transmission of force 

by means of electricity. The Rothschilds some time since pro- 
vided him with an unlimited credit to prosecute his researches 

at Creil, under the inspection of a commission of thirty-eight 

men of science. On Friday the commission met to hear a report 
on the results at present obtained, drawn up at their request 

by M. Maurice Lévy. This report was unanimously approved. 

It appears from it that we can now, with only one generator and 
only one receiver, transport to a distance of about 35 miles a 

force capable of being used for industrial purposes ef 52-horse 

power, with a yield of 45 per cent., without exceeding a current 
of £0 amperes. When the amount of force absorbed by the 
apparatus used to facilitate the recent experiment, but not 

required in the applications to industrial purposes, is added, the 
yield will be nearly 50 per cent. The commission certifies that 

the machines now work regularly and continuously. The maxi- 
mum electromotive force is 6290 volts. Before the construction 

of the Marcel Deprez apparatus the maximum force did not 
exceed 2000 volts. The report states that this high tension does 
not give rise to any danger, and that no accident has occurred 
during the past six months. The commission is of opinion that the 
transmitting wire may be left uncovered on poles provided it be 
placed beyond the reach of the hand. It estimates at nearly 
5000/. the probable cost of the transmission of 50-horse power 
round a circular line of about 70 miles. This price would, how- 

-ever, be much diminished if the machines were frequently con- 
structed. The commission, in the name of science and industry, 

warmly congratulated M. Deprez on the admirable results which 
he had obtained, and expressed thanks to the Rothschilds for 
the generous aid extended to the undertaking. 

Tue eighth congress of the French Geographical Societies 
will meet at Nantes on the 4th proximo, and will continue until 

the 9th. 

Ir is stated that Baron de Miklouho-Maclay is now busy 
getting printed at St. Petersburg, by command of the Czar, the 
result of his scientific researches in New Guinea from 1870 to 

1883. 

A CONFERENCE was held by the National Fish Culture 
Association on Monday last at the Colonial and Indian Exhibi- 

tion. Sir Albert K. Rollit, M.P., presided. The chairman, in 

delivering the presidential address, stated that the Association 
had made a great impression upon the public as to the necessity 
for remedial, protective, and other measures in the interest of our 
fishing industries and population. The Association was doing 

work which many other nations and colonies thought it expedient 

and economical to do upon a much larger and more expensive 

scale. He therefore thought the public ought to support it 
liberally in order to enable it to carry out the work which could 
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not be left undone without serious danger to one of the greatest 
industries of this country. Mr. Oldham Chambers then read a 
paper upon ‘‘ Carp Culture,” which was followed by the Rev. 
C. J. Steward with a paper upon ‘‘ Marine Temperatures and 

their Influence upon Fishes,” and Mr. Willis-Bund with a paper 
upon ‘‘ The Influence of the Weather upon the Migration of 

Fish.” After the several papers had been fully discussed, the 
proceedings terminated with a vote of thanks to the chairman 

for presiding. 

IN a recent article the Ceylon Observer refers to the power of the 
coco-nut palm to conduct lightning. Sir Emerson Tennent long 
ago pointed out that this tree acts as a conductor in protecting 
houses from lightning, and in one instance 500 palms were struck 

in a single plantation during a succession of thunderstorms in 
April 1859. But the trees themselves suffer terribly in the pro- 

cess, for however slightly they may be touched by the electric 
fluid, they die. Sometimes only the edges of the branches are 

singed, at others a few leaves turned brown alone show where 

the tree was touched, yet however slight the apparent effect, in 

course of time the tree withers gradually and dies. In conclu- 

sion the journal quoted inquires why it is that coco-nut palms 
which have merely had their external parts, their foliage, 

almost imperceptibly singed should be as much doomed to death 
as those which have had their vital parts permeated by the light- 

ning, the fatal result being only protracted in the one case, while 
it is instantaneous in the other. 

At Nottingham the University College, Technical Schools, 

and a Museum are under the same committee as the Free 
Library ; and from the not very carefully edited Report of that 
committee the convenience of combination is further shown by 

special classes being opened at the first of them for elementary 
school teachers, while the expense is defrayed by the School 

Board. The Technical Schools, whose evening class students 

we trust will far exceed in number the regular daily pupils, are 

largely supported by voluntary contributions from the Drapers’ 

Company ; so natural and appropriate a use to put such money 
to, that it is to be hoped that the reforming spirit of the age will 

lead to the same commendable action voluntarily on the part of 
all such old trade guilds. As might easily have been foreseen, 
commercial classes held during the working hours of all those 
who felt their need have failed ; just like the free library at the 

Guildhall, London, so discreetly opened at first from ten till four 

—Jjust the hours when the pressure of business was greatest upon 
every one to whom it could be of any use! An experience of 

the Nottingham Committee seems to be that the highest working 
power of their money may be obtained by opening district 
branches, modestly termed reading rooms, yet each the germ of 
a branch library ; and also that the most economical size for a 

free library, as far as supplying literature to the working classes 
is concerned, is from three to four thousand volumes ; their 

libraries of that size having a greater circulation in proportion 
than either the larger or the smaller ones. 

WE have received the first number of a new technical journal 

named /xdustries, published in Manchester. As its name 
implies it is the intention of the publishers that it shall cover all 
the ground of the manifold manufactures of the country, and 
include the dissemination of technical education in its widest and 

most useful form. A new departure is taken in technical 
journalism, inasmuch as the publishers propose to offer a series 
of substantial rewards to those of their readers who may bring 

forward some new and useful advance in practical science. 
These awards will be granted on certain conditions being ful- 
filled, and will be made by the editors, assisted by two or more 
gentlemen eminent in the particular science. As a commence- 
ment it is the intention to arrange rewards in each of the follow- 
ing subjects, viz. engineering, electricity, and chemistry. In 

| by many savanés for zoological studies. 

order to increase the value of the reward, and should the suc- 

cessful reader desire it, a patent will be obtained by the publisher 
for the invention or process, which will be presented to the 
successful reader before the invention is described in the paper, 
and further, if a model is necessary, this also will be added to 
the reward. This inducement ought to add considerably to the 

subscribers’ list, and ensure the success of the paper; at the same 

time it will without doubt increase, the number of workers 

and probably add to the already large list of inventions. The 
paper is nicely printed, and the woodcuts are well executed. 

We find an illustrated Patent record at the end of the journal, 

and arrangements are to be made so as to include the more 
important American and German Patent Specifications. Journals 
of this class add greatly to the general advancement of technical 

education, and we wish the new venture every success in its 
youth and a strong and sturdy future. 

A Moscow journal states that it is contemplated establishing 
a university for women in that city, founded on private capital. 
It is to have three faculties—a mathematical, a natural history 
one (with medicinal studies), and a philological. Doubt is, 
however, expressed whether the Government wi'l sanction the 
scheme. 

FROM several parts of Western Norway complaints are being 
received of the great destruction of fir and spruce cones by a 

little unknown insect. 

FRoM the report of the Swedish Academy of Sctences for last 
year, it appears that the National Museum—which is under the 

authority of the Academy—succeeded in acquiring some splendid 
specimens of topazes from Brazil, containing fluids on which expe- 
riments are now in progress in the Academy’s chemical laboratory. 
Some specimens of argyrodite, containing the new element ger- 

manium, were also acquired, with which Profs. Nilsson and 
Petterson have been experimenting. The museum for lower 

invertebrates acquired from Lieut. Sandberg a very valuable 
collection of lower marine animals from the shores of Northern 
Russia, collected by this gentleman during his extensive journeys 
in these parts. At the Academy’s biological station on the 
coast of the province of Bohus, aquaria were kept in perfect 
working order from June till October. The station was visited 

Through Dr. Carlson’s 
researches on the former existence in Sweden of Zrafa nalans, 

the National Museum has become possessed of more than a 

thousand sub-fossil trapa fruits from Southern Sweden. In 
addition to the sums granted by the Government towards scien- 
tific researches on the recommendation of the Academy (p. 201), 

several others were made out of the funds administrated by that 

institution. Among them are the interest on the large sum left 
by the late Dr. Regwell for zoological studies, distributed for 
the first time; a sum of 250/. to Dr. S. Arrhenius for the 
study of the galvanic conductive force of electrolytes, and their 
relation to physics, at certain institutions in Russia, Germany, 
and Holland. Prof. Agardh was awarded the yearly Lettersted 

prize for his celebrated work ‘‘ Fresh contributions to the 

Systematic of the Algz.” The Lettersted fund for scientific 
research amounted at the end of the year to 30,000/. A number 

of smaller sums were also granted by the Academy towards 

researches on a variety of scientific subjects. 

Mr. Oris T. MASON sends us a reprint of his valuable paper 

on the progress of anthropology in 1885, which was originally 
embodied in the Smithsonian report for that year. Here anthro- 
pology is used in a very wide sense, giving scope to remarks on 

comparative psychology, biology, archzology, and sociology, as 

well as to the more closely-connected subjects of general and 
special ethnology. Some of the more important recent works 

a 
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on these several branches are noticed in greater or less detail, 

and there is appended an ample ‘‘ Bibliography of Anthro- 
pology, 1885,” which is arranged in alphabetical order, and 
which will be found most useful for purposes of general refer- 

ence. It includes not only independent works and memoirs, 

but also special papers bearing on the subject, which have been 
contributed in the specified period to various English, American, 
French, German, and other scientific journals. Amongst the 
essays more fully noticed are M. Gabriel de Mortillet’s work on 
“‘The Precursor of Man,” advancing the theory that the flints of 
Thenay were the workmanship, not of man as fully developed, 
but of his immediate predecessor, the anthropopithecus ; Dr. 
Lissauer’s paper on human craniolozy, introducing the sagittal 
suture as a new element in obtaining anthropological measure- 

ments ; Dr. Hermann Welcker’s treatise on the capacity of the 

cranium in connection with the three diameters, with classifica- 
tions of races according to their skull capacity ; Dr. Topinard’s 
masterly work on genera! anthropology, from which copious 

extracts are made; Dr. Otto Stoll’s contribution to the com- 

parative philology of Central America, embodying a scientific 
classification of the eighteen languages still current in Guate- 
mala. Here the Maya family is specially dealt with and divided 
into four distinct groups: Tzental (Chendal), Pokonchi, Quiché, 

and Marne. It is incidentally mentioned that in 1885 the 

Woman’s Anthropological Society was organised in Washington 
under the presidentship of Mrs. Tilly Stevenson. The object of 
this association is stated to be ‘‘to conduct investigations to 

which the avenues are especially open to women, and to en- 
courage the sex in the prosecution of scientific work.” 

THE catalogue of the Library of the Chemical Society, 
arranged according to subjects with indexes containing authors’ 
naines and subjects, will be useful to chemists, 

Voi. I. of ‘‘ Studies from the Biological Laboratories of the 
Owens College” (Manchester: Cornish) is mainly a reprint of 
papers that have appeared in various journals. 

WE have received the last (19th) Report of the Peabody In- 

stitute of Baltimore. There is no marked advance over past 

years in any department, but all have been prosperous and the 
results attained have been satisfactory. The attendance at the 

courses of lectures was exceptionally large, but the use of the 

library has been somewhat reduced owing to the opening of 
another free public library in Baltimore. Amongst the lectures 
during the year were courses on Arctic Explorations and Life in 

the Arctic Regions, on Mexico, Ancient and Modern, on the 

Mound Builders of Ohio, and on the Poetry of Science. 

Mr. C. G. Rockwoop, jun., of Princeton, N.J., writes that 

the shock of earthquake at Sandy Hook, New York, of June 11, 

noticed in NATURE of June 17 (p. 153) is anerror. The tremor 

which was felt in that vicinity at the time stated, and which was 

at first reported as an earthquake, was afterwards traced to the 
firing of heavy guns on board the U.S.S. Fuziata, at that time 
approaching Sandy Hook. 

THE additions to the Zoological Society’s Gardens during the 
past week include a White-handed Capuchin (Cebus hypoleucus) 
from Brazil, presented by Madam Sangiorgi; a Levaillant’s 

Cynictis (Cyrictis penicillata 8), five Suricates (Suricata tetra- 

dacyla 6 6 § 2 ¢), two Triangular Spotted Pigeons (Columba 
guinea), three Vinaceous Turtle Doves (7zstur vinaceus), two 

Cape Turtle Doves (Zurtur capicola) from South Africa, pre- 
sented by Mr. R. A. Fairclough; two Red Foxes (Canzs 

fulvus & 3) from North America, presented by Messrs. Enson, 
Weber, and Co. ; a Masked Paradoxure (Paradoxurus larvatus) 

from Hong Kong, presented by Mr. J. Orange ; five Forster’s 
Milvagos (A/i/vago australis) from the Fal.land Islands, pre- 

sented by Mr. James Moore; a Tawny Owl (Syrnium aluco), 
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British, presented by Master C. G. Gregory; five Common 

Toads (Bufo vulgaris) from the South of France, presented by 

Mrs. F. Walker; a King Vulture (Gyfagus papa) from Brazil, 
deposited ; three Lions (Felis eo 6 2 2) from Africa, a Grey 

Squirrel (Scizerws cinereus), a Mink (Putorius vison), three Hud- 

son’s Bay Squirrels (Sciurus hudsonius), a Virginian Eagle Owl 
(Bubo virginianus) from North America, purchased ; two Mule 

Deer (Cariacus macrotis 8 8), born in the Gardens. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 AUGUST 1-7 

(OS the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on August t 

Sun rises, 4h. 26m. ; souths, 12h. 6m. 4’9s.; sets, 19h. 46m. ; 
decl. on meridian, 17° 59’ N.: Sidereal Time at Sunset, 
16h. 27m. 

Moon (one day after New) rises, 5h. 59m. ; souths, 
sets, 20h. 26m. ; decl. on meridian, 11° 23’ N 

13h. 19m. ; 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h. m. A ; 

Mercury 6 43 13 26 20 9 7 52N. 
Venus ... I 45 9 54 18 3 22 29 N. 
Mars - 1055 16 23 21 51 Oss 
Jupiter... 9 27 15 31 21 35 OM SENT 
Saturn.. 2 21 Io 28 18 35 22 10N. 

Oo ciianions of Stars By the Moos (visible at Greenwich) 
Corresponding 

Aug. Star Mags Disap: “Reap. Se SRS 
inverted image 

h. m. h. m. o ° 
By c--| Oh, WIrGinis; cs. (6) sec) 20) 544-22 22053) ea OOr 207 
5 ... 94 Virginis ... 6 ... 22 3 nearapproach 202 — 

Aug. h. 
iss TS Mercury stationary. 

Variable Stars 

Star R.A. Decl. 
h m. ones h. m. 

U Cephei © 522... 81 10 N.... Aug. 2, 22 30 m 
A Tauri 3) 5404 cap l2 TOMNaees ssl Gs 22. Leave 
U Monocerotis Uf Behe @) BRATS 205 58 ; M 
S Virginis ae Pehla (9 S4/h sos oy m 
V Corone BOA pom sie) Si INIS ceo gq SS MM 
U Ophiuchi... SOG Gti OO en a Se © Be 
R Scuti PA ng GS OG: Ge pp M 
n Aquilz +o LOE A4Oe7 inc.) OLAS Nita. e ssn en ORZz 
5 Cephei 5 2202450) 857 5ONte: esas tO mEOnZE 

M signifies maximum ; #2 minimum. 

Meteor Showers 

Showers have been observed at this season from the following 
radiants :—The Azdromedes (I.), from R.A. 8°, Decl. 36° N. ; 
from Camelopardus, R.A. 12°, Decl. 70° N. ; near 7 Persei (the 
Perseids), ®.A. 45°, Decl. 56° N. ; near 7 Herculis, R.A. 254°, 
Decl. 372 No; near A Aquarii, R.A. 342°, Decl. 9° S. ; from 
Lacerta, R.A. 342°, Decl. 40° N. ; and one near Fomalhaut, 
R.A. 342°, Decl. 34° Se 

Stars with Remarkable Spectra 
Name of Star R.A. 1886'0 Decl. 1886*0 Type of 

h om. s. 5 7 spectrum 

DM. + 44° 3877 ... 21 30 42)... AA 50ON. «2. 
249a Schjellerup ... 21 37 13... 34 594N. .. DW 
paeephell....* 26. =<. 2U AO) WL 2.) FOULS cAU Nil eee Ill. 
254 Schjellerup see, 2YAO Al 22) U2UAACANS econ Ill. 
258 Schjellerup ... 21 59 I ... 27 47°8N. ... IIT. 
18 Cephei... . ZZ OL ZO 62038:5u Ne esee Ill. 
D.M. + 56° 2821 ... 22 BA TO) SONN eco eieres III. 
BePepasiit... on sae) 22050 01d eee 27 ouNeraes ILI. 

THE VOLCANIC ERUPTION IN NEW 
ZEALAND 

7 URTHER details have been received of the volcanic erup- 
tion in the Hot Lake district of New Zealand, which has 

| been the scene of a terrible and unexpected catastrophe which 
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occurred early on the morning of June 10. At Ohinemutu, on 
Lake Rotorua, the earth began to tremble at midnight. At ten 
minutes past 2 a.m. there was a heavy quake and a loud roaring 
noise which startled the inhabitants and caused them to flee 
from their houses. From this pointit could be seen that Mount 
Tarawera, about fourteen miles distant, had suddenly become 
an active volcano, belching out fire and lava to a great height. 
At 4.a.m. a dense mass of ashes poured down, accompanied by 
suffocating smells. A large black cloud, which extended in a 
line from Mount Tarawera to the Pairoa Mountains, was filled 
with flame and electricity. The thunder-like roar from the 
crater, the sulphurous smells and constant quaking of the earth, 
caused many of the inhabitants to leave their homes and proceed 
to Tauranga, a distant township on the east coast. At 8a.m. 
the aspect of affairs was as bad as it was all night, and hundreds 
of boiling springs had broken out around Lake Rotorua. At 11 
a.m. the eruptions were going on continuously, and all the country 
down to Tauranga was in total darkness, with thick clouds of 
dust and sulphurous fumes in the air, At one o’clock the dark- 
ness had all cleared away and the principal centres of eruption 
had subsided. 

At Lake Taupo, about forty miles to the south of Tarawera, 
the spectacle presented was most extraordinary. At 2 a.m. the 
outbreak was heralded by terrific reports, which resembled the 
roar of artillery, while a pillar of flame shooting hundreds of 
feet into the air was observed in the locality of the eruption. <A 
great black cloud hung over this pillar, whilst flashes of elec- 
tricity shot out from the cloud in every direction, shedding an 
unearthly bluish light. I.oud reports, accompanied by heavy 
shocks of earthquake, followed in quick succession, and kept on 
until six o’clock, when the daylight and clouds of ashes rendered 
the sight invisible. 

At Tauranga, forty-seven miles distant to the north-east, loud 
reports of heavy earthquakes began at 2.15a.m., and very severe 
shocks were experienced at 3 a.m., while in the direction of the 
outbreak the country was illuminated for hours with flames and 
lightning. In the neighbourhood of Maketu, fifty miles to the 
east of the principal centre of eruption, atmospheric disturbances 
caused darkness till ro a.m., and the shocks of earthquake 
were accompanied with strong lightning and earth currents, 
while at Hamilton, eighty miles to the west, the volcanic dis- 
charges are said to have resembled the firing of great guns 
at sea. 

The devastation caused by the eruption is very widespread, 
and it is believed that all the natives round Rotomahana and 
Tarawera Lakes must have died. About a hundred Maoris are 
known to have perished. Mr. Haszard, the schoolmaster at 
Wairoa, and his four children and niece, and-an English tourist 
named Bambridge are the only Europeans known to be killed. 
The country for fifty miles around the vicinity of the disturbance 
has been covered by the discharge of stones and ashes, and large 
craters have risen up. Mount Tarawera is elevated 300 [eet 
higher than before. Lake Rotomahana has subsided, and has 
been transformed into an expanse of seething mud, and the 
renowned terraces are reported to be destroyed. Large areas 
are covered with volcanic dust and mud. During the disturb- 
ance the wind blew from the east, heavy snow fell on the ranges, 
and there was intense cold. 

The wide area forming the scene of the eruption has been the 
chief centre of volcanic activity in New Zealand since the country 
has been known to Europeans, and in fact since the earliest 
period of Maori tradition. The region forms of itself a distinct 
volcanic zone remarkable for its picturesque hot lakes, boiling 
geysers, and numerous thermal springs. | For many years it has 
been the resort of tourists from all parts of the world, and who 
reached it by way of Tauranga, a picturesque town on the east 
coast of the North Island, with a fine harbour opening into the 
Bay of Plenty. It is in this bay, about 30 miles from the main- 
land, that the first indication of volcanic activity presents itself 
in the form of Whakari, or White Island, a cone-shaped moun- 
tain which rises abruptly from the sea to an altitude of 860 feet. 
The crater, about 14 miles in circumference, is in a condition of 
a very active so/fatara, whose numerous geysers and boiling 
springs evolve at all times dense volumes of steam and sulphu- 
rous gases. 

From Tauranga the traveller proceeds in a southerly direction 
through a fern-clad country interspersed with broad belts of 
primeval forest presenting the most luxuriant and varied vegeta- 
tion. Ina distance little short of 4o miles the land rises gradu- 
ally to an altitude of 800 feet, when the great table-land of the 

Lake Region is reached. Here, in a depression which appears 
to have formed at some remote period the area of an immense 
lake-basin, is situated the township of Ohinemutu, where there 
are several good hotels and a small white population. Just 
beneath the township the blue surface of Lake Rotorua, with 
the picturesque Island of Mokoia in its centre, spreads itself out 
in a circle of nearly 25 miles. The area in the immediate 
vicinity of the lake, where the action of the thermal springs is 
most active, extends from Whakarewrewa on the one side to 
Te Koutu on the other, and inland to Tikitere and Ariki Kapa, 
celebrated for its big holes of black boiling mud. Hot springs 
occur on its southern shore, while still further to the east of it 
again are the warm lakes known as Rotorua and Rotoehu. 
The native settlement is situated on a long peninsula stretch- 
ing out into the waters of Lake Rotorua. Every part of 
this strip of land is dotted and riddled with thermal springs, 
some of which shoot out of the ground from small apertures, 
while others assume the forms of large steaming pools. They 
are of all degrees of temperature from tepid heat to boiling- 
point. Here the wharves or huts of the natives are clustered 
promiscuously about the springs, and in situations where a few 
inches below the surface the soil is sufficiently hot to cook an 
egg in a few minutes. : 

It is this region which may be said to contribute the first link 
in the chain of active thermal action, extending from Whakari 
in the Bay of Plenty, through the Lake Country, to the active 
volcano of Tongariro, in the centre of the island, a distance in a 
direct line of about 130 miles. 

At a distance of about nine miles still southerly from Lake 
Rotorua, lies Lake Tarawera, with its cluster of minor lakes, 
which constitute the second and most important connection in 
the volcanic belt. It was here the recent volcanic disturbance 
first declared itself in the sudden activity of Mount Tarawera, an 
extinct volcanic cone which had remained quiescent since time 
immemorial. 
No place in the world could boast of scenery so unique and 

thermal phenomena so marvellous as could Tarawera and its sur- 
roundings. It was reached from Tarawera by a delightful route 
fringed by fern-clad mountains, and through the Sikitapu Forest 
one of the grandest gardens of primeval vegetation in New 
Zealand, but which is now uprooted by the force of the subter- 
ranean devastation. At the southern exit of the forest the tra- 
veller was charmed by Sikitapu, the Blue Lake, and Rotokakahi, 
the Green Lake, whose calm picturesque beauty formed one of 
the grandest sights of this singularly gifted region. A few yards 
from this point nestled the native settlement of Wairoa, now 
covered with 10 feet of ashes. Here were two hotels for the 
accommodation of tourists, who came from places far and wide 
to visit the wonders of the Terraces. From time out of mind 
it had been one of the principal homes of the great Arara tribe, 
who claim to be the pioneers of the race in New Zealand. 

Down a wild gorge from Waira Lake Tarawera lies 
embosomed in a circle of tall forest-clad mountains, whose 
pointed peaks and serrated ridges betoken at once their Plutonic 
origin, while on the southern shore of the Lake rises Mount 
Tarawera, in the form of a colossal truncated cone, with pointed 
peaks like a spiked crown. It was out of this giant mountain 
tapu, and sacred in Maori song and legend, that the recent sub- 
terranean fires first shot forth, enveloping the whole mountain in 
a sheet of flame. 

A glance at this mountain and the surrounding region was 
sufficient to show that at some remote period it must have been 
—as now—the chief centre of a widely-extended volcanic action. 
The mountain itself formed one of the principal volcanic cones 
to be found dotted over the country. A range of volcanic hills 
sloped down on its western side to Lake Rotomahana, which 
was connected with Lake Tarawera by a small warm stream 
known as Te Ariki. Before the eruption occurred the shores of 
the former lake formed the principal point of thermal activity 
in the district, and there can be little doubt that beneath its sur- 
face the forces which culminated in the outbreak of Mount 
‘Tarawera were evolved. 

Lake Rotomahana, now said to be nothing more than a hole 
of seething mud and vaporous gases, formed in reality the 
wonderland of the region. Like Lake Tarawera, it was situated 
at an elevation of a little over 1000 feet above the Jevel of the 
sea. 
about a mile long by a quarter of a mile wide. It was, how- 
ever, grandly picturesque, not only by reason of its unequalled 
features presented by the terraces, but likewise on account of 

It was one of the smallest of the group of lakes, being — 
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its steaming shores with their countless hot springs, boiling 
geysers, steaming cauldrons, and seething mud-pools, as well 
as by the bold, rugged scenery which surrounded it on every 
side. The name Rotomahana in the native language means 
literally ‘‘hot lake.” The mean temperature of the water was 
about 80° F., while in the vicinity of the hot springs it rose 
frequently to 212° F. 

Tt was on either shore of this lake that the marvellous terraces 
now unfortunately reported to be destroyed were situated. The 
largest of these singular formations was ‘Ve Tarata, or the White 
Terrace, the outline of which assumed a semicircular form and 
spread out at its base as it sloped gently down to the margin of 
the lake ; the broad, flat, rounded steps of pure white silica rose 
tier above tier white and smooth as Parian marble and above 
them terrace after terrace mounted upwards, rounded and semi- 
circular in form. All were formed out of a delicate tracery of 
silica, which appeared like lacework congealed into alabaster of 
the purest hue; crystal pools shaped as if to resemble the 
form of shells and leaves, and filled to their brims with water 
blue and shining as liquid turquoise charmed the eye, while 
around the edges bright crystals of silica formed incrustations 
which made them appear as if set with a margin of miniature 
pearls. At the summit of the terrace was a crater of 200 feet in 
diameter filled to overflowing with brilliant transparent water in 
the form of a boiling fountain, from which clouds of steam 
floated constantly upward. This boiling spring formed an inter- 
mittent geyser, which during its active intervals threw up a 
column of water to a height of over 100 feet. The crater, how- 
ever, was always overflowing, and the water, which was highly 
charged with silica, had by a gradual process of deposition, ex- 
tending probably over a vast period, formed the present system 
of terraces. The temperature of the water varied from boiling 
point to 70° F. at the foot of the terrace, the summit of which 
was over 80 feet above the level of the lake. 

Immediately at the back of the White Terrace and bordering 
the lake was a rocky desolate gorge seamed and furrowed in 
eyery direction with streams of hot water, while jets of hissing 
steam bursting from its sides marked the sites of subterranean 
fires. The high hills on each side of the gorge rose up in quaint 
fantastic shape, and their rugged sides composed of shattered 
volcanic rock sent forth water and jets of steam from a thousand 
fissures. Here boiling geysers emitting clouds of steam lashed 
their hot waves about and foamed with a furious sound in rock- 
bound basins, while scattered over the greater portion of this 
fiery wilderness were innumerable fumaroles all hard at work 
shooting out steam and vomiting black streams of liquid mud. 
Some of these were round, some flat, and others cup-shaped, 
while not a few assumed the form of miniature volcanoes. 

It was opposite to this spot on the further shore of the lake, 
that Te Otukapurangi, or the ‘‘ Fountain of the Clouded Sky ” 
of the Maoris, or the Pink Terrace, rose from the water of the 
lake to an altitude of nearly roo feet. Here the deposits of silica 
assumed the same general formation, and each terrace of steps 
was gracefully and marvellously shaped with rounded edges 
which swept about in waving curves. The various buttress-like 
masses which supported the fringed edges of the terraces bent 
over and formed miniature grottoes resplendent with festoons of 
pink-tinted silica and rose-coloured stalactites which appeared to 
have been woven together by nature into an intricate network and 
then crystallised into their present shape. Iere the successive de- 
posits or layers of silica-rock did not assume, like those of Te 
Tarata, a wonderful combination of delicate lacework around 
the edges of the terraces, but the siliceous laminations appeared 
eyen thinner, and reminded one of the corrugated surface of 
pink satin rep. It was, however, the variegated tints of this 
wondrous structure which rendered it even more remarkable 
than the gracefully symmetrical proportions of its mcomparable 
design. As the blue-tinted water came rippling and falling from 
terrace to terrace in miniature cascades, Te Otukapurangi looked 
radiant in its sparkling mantle of delicate pink, and as the 
golden rays of the sun shot far and wide, it changed with every 
shade of light, with brilliant hues of pink, amber, carmine, 
and yellow, which shone with a dazzling and metallic lustre 
as they flashed and palpitated as it were in the warm glowing 
air. 

At the summit of the terrace was a circular platform, in the 
centre of which was a steaming cauldron formed by an alabaster- 
like basin about 100 feet in diameter. Here the deep dark-blue 
water within a few degrees of boiling-point lay without a ripple 
upon its surface, and shone with the brilliancy of transparent 

crystal, while beneath the siliceous deposits, which encrusted the 
sides of the crater, assumed all the varied designs of a coral 
grove tinted in glowing colours of yellow, blue, and pink. 

From Lake Rotomahana the recent volcanic eruption extended 
to the Pairoa Mountains, which attain to an altitude of 1coo feet, 
and which, when visited by Mr. Kerry-Nicholls, were hot, and 
quaking with internal fires, boiling mud pools, and coiling jets 
of steam that burst with a hissing sound from the deeply-scarred 
hills. The base of this range, where the volcanic action was 
greatest, was formed of a burnt fiery-looking earth, broken here 
and there into enormous fissures, and dotted about with boiling 
pools and deep holes of hot seething mud, while clouds of 
yapoury steam burst forth from the highest peaks. 

Following up the line of thermal activity across the island, as 
yet not known to be affected by the. recent outbreak, hot 
springs and geysers are found at Orakeikorako on the banks of 
the Waikato and in various places along the whole valley of the 
rivers, and notably at Wairakei, where the thermal activity is 
both widespread and extraordinary in its variety. At Taupo, 
the great central lake of the island, geysers and other phenomena 
of the kind exist on its northern shores. From this point further 
across the lake the hot springs and geysers of Tokanu occur, 
while a short distance beyond rises the cone-shaped form of 
Tongariro, at an altitude of 7000 feet, the two craters which 
are ina stale of very active so//a¢ava constantly emt vast volumes 
of steam. Five miles to the south of the latter mountain rises 
the colossal form of Mount Ruapehu, which, with a base of 
over sixty miles, rises to an altitude of 6000 feet to the region 
of perpetual snow. This mountain, which was at one time the 
chief centre of volcanic activity of the north island, has been 
extinct from time immemorial, but it is reported that during the 
recent eruption steam was seen to issue from the crater. It is 
the highest point of the north island, and was ascended by 
Mr. Kerry-Nicholls and his interpreter, Mr. Turner, in 1883. 

SCIENCE IN NEW SOUTH WALES 

N his Annual Address (on May 5) to the Royal Society of 
New South Wales, the President, Prof. Liversidge, re- 

ferred to the death of Prof. Smith, the former President of the 
Society, and to the eminent services which he had rendered to 
the cause of science and of education in New South Wales, and 
also to other members of the Society who died during the past 
year. The President then expressed regret that the number of 
original papers contributed to the Society isso small. ‘‘It is 
not,” he said, ‘‘from lack of subjects, for there are many ques- 
tions which require investigation, but rather from the lack of 
competent investigators who can spare the necessary time. Up 
to the present but little original work has been done in working 
out the chemistry of the mineral and vegetable products, and 
but very little in many branches of biology. The descriptions, 
catalogues, lists, &c., of the flora and fauna, are making fair 
progress, but still very little has been published relating to the 
development and life-history of the fauna of Australia, even of 
forms of life peculiar to that part of the worla. In matters of 
natural history, geology, and allied subjects it ‘is apparent to 
every one that the materials for original work are in New South 
Wales abundant, and a considerable amount of very valuable work 
is being done in this direction by the Linnean Society of New South 
Wales, but the amount waiting to be done is far more than they 
can cope with at present. The Society, by offering a medal 
and a money prize, has done what it can to stimulate research ; 
but the amount at its di-posal is small. So many subjects if 
thoroughly worked out would be of economic value to the 
colony—such as the chemistry of Australian gums and resins, 
the tin deposits, iron ores, and silver ores of New South Wales 
—that the Government might with propriety assist the Society 
in undertaking these researches. Wealthy colonists might also, 
with advantage to the State and credit to themselves, encourage 
such original investigation.” Speaking of biological work, the 
President said that one of the few facilities for scientific work 
possessed in Sydney, and which the Society assisted in founding, 
viz. the biological laboratory at Watson’s Bay, has been closed, 
the Government having taken the house and grounds for defence 
purposes. The trustees will doubtless receive the cost of the 
buildings, and with this as a nucleus a fresh start can be made. 
Tt would be a great pity to allow such an undertaking to drop, 
especially as there is such an unlimited field for marine bio 
logical work in Australia. In regard to scientific education. 



in the colony, Prof. Liversidge said that notwithstanding the 
liberality of Parliament an1 the receipt of private end »wments 
for improved instruction in science, many of the arranzem2nts 
for this purpose of the Sydney University are of a very meagre 
and imperfect charaster. The Board of Technical Education is 
now doing good work in spreading elementary, scientific, and 
technical education over the colony by means of science classes 
and itinerant lecturers. The necessity of scientific education is 
also being recoznised ; there is a motion before the Legislative 
Assembly to place the sum of 1o,000/. upon the estimates for 
the establishment of schools of mines in the various mining 
centres, while another motion to be brought proposes to make 
provision for the creation and endowment of twenty scholar- 
ships of the value of 290/, per annum, each tenable for three 
years, at the Sydaey University. The President then referred 
to Prof. Huxley’s remarks in his anniversay address to the 
Royal Society on scientific federation. Prof Huxley said :— 
“‘T have often ventured to dream that the Royal Society might 
associate itself in some special way with all English-speaking 
men of science ; that it might recognise their work in other 
ways than by the rare opportunities at present offzred by elec- 
tion to our foreign fellowship, while they must needs be deprived 
of part of its privileges.” On this Prof. Liversidge remarks 
that though every one will agree as to the desirability of having 
closer bonds of union between the Royal Society and the men of 
science who are scattered over the wide areas of English- 
speaking countries, it does not appear easy to suggest a method 
of bringing it about, Good work in the Colonies, at any rate 
at present, is rarely overlooked by the Council of the Royal 
Society. Prof. Liversidge concluded his interesting address by 
suggesting a federation or union of the members of the various 
scientific societies in Australia, Tasmania, and New Zealand 
nto an Australasian Association for the Advancement of Scienze, 
on the lines of the British Association, with a view to holding 
the first general meeting in Sydney on the hundredth anniver- 
sary of the founding of the colony. A meetin: of the kind 
during the centennial year would offer a unique opportunity. for 
the exchange of ideas and information, and it would not only 
have an immediate and beneficial effect, but would p:rmanently 
raise the high-water mark of thought in all the colonies, esp2- 
cially in connection with scieatific matters. It would be an 
opportunity to correlate and correct all the scattered and frag- 
mentary geological maps and memoirs relating to the various 
colonies, and to adopt a uniform system of nomenclature, 
colouring, c., for all Australasian geolozical maps. It would, 
pursued the President, be beneficial if botanists were to prepare 
and revise the census of plants for each colony, especially to 
show their distribution, and similar questions could be discussed 
by zoologists for land an{ marine organisms. 

ICE MOVEMENTS IN HUDSON’S BAY? 

IN my report last year I described the ice as consisting of 
three kinds, viz., icebergs, heavy arctic ice and ordinary 

field ice. The icebergs are stated to hive come from Fox 
Channel. This conclusion was based on the report from No. 3 
station made on the homeward voyage of the Meptune, that 
the icebergs passed the bluff from west towards east. This 
report was made on the strength of the few observations which 
the party had been able to make in the interval between the two 
calls of the Meftwn2 at the inlet. Further and more perfect 
observations show conclusively that the current sets in the 
opposite direction and that the icebergs move from east to west. 
If further proof of the existence of this set were necessary, we 
have it in the drift of the 4/ert when fast in the ice off Ashe 
Inlet and invariably carried to the westward. 

In considering the question of the sources from which the ice 
affecting Hudson’s Straits navigation comes, we must first begin 
with the east Greenland ice. All those who have made the 
voyage from any port in Europe to Hudson’s Straits seem to 
agreein the statement that Cape Farewell must not be approached 
nearer than seventy miles in order to keep clear of the east 
Greenland ice which sweeps round the cape in an almost cease- 
less stream, after rounding which it turns to the northward) and 
passes up the south-west shore of Greenland, nearly as high as 
Gothaab, then turns over to the west side of Davis’ Straits, and 
joining the stream of Dayis’ Straits ice runs south with the arctic 

t From the Report of the second Hudson's Bay Expediti 
ommand of Lieut. A. R. Gordon, RN. 1885. le ae 
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current. The limits of the east Greenland ice field, when 
rounding Cape Farewell, vary greatly ; in some years, it moves 
a3 far south as the parallel of 58° N. This ice field can be, 
and is of course always avoided, the rule in making the passage 
being to keep to the south of 58° N. till in longtitude 58° W., 
on which meridian the northing should be made. 

The stream of Davis’ Straits ice flows right across the entrance 
to Hudson’s Straits, and varies in width with the season of the 
year. The first information which I have of it was derived from 
conversation with Captain Watson, of the whaling barque 
Maude of Dundee, owned by Captain Adams. Captain 
Watson had been for many years engaged in the Davis’ Straits 
whale fishing, and for the last few years has commanded his 
present vessel. Their usual routine is to leave Dundee in March, 
and they arrive off the edge of Davis’ Straits ice in the early 
part of April, cruising off the edge of the ice between latitudes 
58° N. and 63° N. Captain Watson told me, that he made the 
ice in April of this year about 58° N. and 120 miles off the 
Labrador coast, and up to the date of our meeting with him, 
June 13, he had not been able to get nearer to Resolution Island 
than thirty-five miles, and as the average southerly set of the 
current is about twenty miles per day, this stream of ice must 
have been flowing uninterruptedly up to June 15, the date on 
which the 4/ert took the pack. An examination of the re- 
cords of the stations at Port Burwell and Nachvak Bay shows 
that at Port Burwell the ice cleared out of the Straits on 
April 9. They remained clear up to the 14th, when the ice 
came in sight again, and was present almost constantly there- 
after until its final disappearance in August. At Nachvak the 
ice swung on and off the shore with the winds and tide, but 
though sometimes out of sight from the ordinary observation 
point, it was always seen upon going to a higher elevation. It 
is therefore certain that during the months of May, June, and 
July, large fields of ice were present in the entrance of the 
Straits, and the question remains, at what date was this ice in 
such a condition as to permit the passage of vessels strengthened 
for meeting the ice, but which could be used as freight steamers. 
For in all questions as to feasibility of the navigation I am not 
considering the date at which one of the Dundee whaling or 
Newfoundland sealing steamers could be forced through, but 
when a strongly built iron steamer, sheathed and otherwise 
strengthened, could make the passage. 

On June 15, when we went into the ice, it was certainly im- 
penetrable by any vessel of the class referred to, and though the 
ice would slacken at the turn of every tide, and sometimes run 
abroad so that it would have been possible to work the ship to 
the westward, distances varying from two to five miles at each 

| of these slack times, I only tried to hold my own, generally 
under canvas; as apart from any question of the injury which 
the ship had received, I deened it more desirable to watch the 

| ice at the entrance of the Straits than to force the ship through, 
when I could only have made at the most ten to twenty miles a 
day. Iam ofopinion that the Straits were passable at the eastern 
entrance about the date that we returned to St. John’s for 
repairs, viz., July 5, but any ship going in at this date would 
still have been subject to these delays, but might have made 
from twenty-five to forty miles a day. 

Proceeding westward, from this date, July 5, the observations 
at Ashe Inlet and Stupart’s Bay show that on the north side of 
the Straits, and from eighteen to twenty miles out, the ice 
was present almost continuously, much as we found it in August ; 
some of the sheets of enormous extent and of great thickness. 
Many of these were, in August, over half a mile long, and 
some which we measured were from twenty to thirty, feet in 
thickness. In the middle of July, Mr. Ashe reports that open 
water is visible beyond the ice, and Mr. Stupart, fog-banks 
and water sky frequently to the north. The two stations at 
the western end of the Straits also report that in the middle of 
July the ice was loose and drifting with the tide. Everything 
goes to show that though there would have been very frequent 
delays still it would have been possible for a steamship to have 
got through the Straits by July 15 or 20. 

Ice would have been met with again, doubtless, in the bay, 
but I do not think there would have been any serious delay in 
reaching either Churchill or York Factory. 

Stations on shore for the purpose of watching the move- 
ments of the ice, though undoubtedly the best system which 
we can adopt, cannot tell us with any degree of certainty how 
soon a vessel might be able to push her way through the 
Straits, but they do tell when it is sufficiently run abroad, or 

—" 
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when a sufficient amount of open water appears, to make the 
passage a reasonable certainty, and the date for this year I 
place at from July 5 to 15, as it is more than likely that a 
ship could have got through the Straits in ten days. The ice 
is, moreover, so sensitive to wind that even if telegraph 
stations were so placed as to be able to convey to ships news 
regarding the position of the ice ahead, long before the ves el 
arrived at the place the condition of affairs might, and probably 
would, be totally changed. 

As to the closing of navigation in 1884, Mr. Laperriére 
reports, at Cape Digges, that on October 25 the ice was solid 
in every direction, and at Nottingham Island a similar entry 
is made on the 27th. A distinction must be made between 
the closing of navigation by the formation of young ice, and 
the presence of a large field of heavy old ice which is cemented 
together by the formation of young ice between the pans. In 
the first case any ordinarily powerful steamer could go through 
without risk, but in the second case the most powerful of the 
whaling or sealing steamers would be helpless. The western 
end of the Straits is always subject to incursions of this heavy 
ice, from Fox Channel, and especially so in the months of 
September and October, when strong north-easterly and north- 
westerly gales are frequent, and we have now evidence that in 
both seasons, 1884 and 1885, this heavy ice came down in 
October. 

As to the length of season for practical navigation, if we 
regard the presence of field ice as the only barrier, the infor.na- 
tion which we have got would point to the months of July, 
August, September, and October as being the months in which 
the Straits are passable. As a rule, in July there will be delays, 
but to vessels strengthened and sheathed there would be no 
danger in making the passage. 

All the inhabitants of the Labrador, the Straits, and the Bay, 
spoken to on the subject, agreed in stating that the ice move- 
ments this year were much later than the average; at Fort 
Churchill the season was fully a month late, and on the Labrador 
three weeks, so that I think it will be found that on the 
average four months will be the length of the season for practical 
navigation by steam vessels which would be freight-carriers. 
There have been, I am informed, seasons when the Straits were 
clear of ice in the month of June, but they are, according to 
the logs of the Hudson’s Bay ships, quite exceptional. Captain 
Hawes spoke of such being the case only once in his experi- 
ence of fourteen years, and the dates which I have seen of the 
arrival of the Hudson’s Bay vessels at their ports of destination 
show no arrival earlier than August. 

THE TRANSCASPIAN FAUNA 

E notice in one of the last issues of the Bzdletin of the 
Moscow Society of Naturalists (1885, No. 2) a most valu- 

able paper, by M. Zaroudnoi, on the birds of the Transcaspian 
region. His list contains an enumeration of 184 species, well 
determined on 600 specimens—doubts remaining only with 
regard to a very few species. The author distinguishes in the 
region the following chief zoological sub-regions :—(1) The 
Kara-kum desert, having a pretty well furnished flora, notwith- 
standing its immense sandy plains and salt clays. The Tamarix 
forests, now mostly destroyed, are well peopled with the AZva- 
Phornis aralensis, as also with a few Podoces (Panderi ?) and 
Passer (ammodendri?), which make their nests further north in 
the saksau/ forests. The Houbara quennii, Gray, is rare. The 
reptiles are represented by the Phrynocephalus interscapularis 
and feltoscopus, Agama sanguinolenta, Testudo, Naja oxiana, 
Eichwald; the Varanus sciueuws extends much further south 
into the Akhal-Tekke plain, and even to the Kopet-dagh 
Mountains. (2) The Akhal-Tekke oasis, striking by the monotony 
of its landscape, diversified only by the gardens of the Tekkes, 
which remain green even during the hottest part of the 
summer, when all vegetation is scorched up by the sun. In 
the plain only the Tamarix, a few willows on the banks of the 
rivulets, and the dark-green bushes of the capers, adorned with 
pretty flowers, are to be seen. The great areas covered with 
bushes of Alchag? camelorum and wormwood increase the 
monotony of the landscape. Pretty Fulodis variolarius, 
eufraticus, and sometimes g/obrcollis are often found flying 
around these bushes; in July the Fisheria baetica, Ramb., 
several Irises, as also Ampus fennicornis, Pall., several kinds of 
Ateuchus and Copris, and numerous species of Afelanozomate 

are met with. The stone-chatters (traquets) and Jarks are so 
numerous as to become troublesome. The Phrynocephalus 
helioscopus and Agama sanguinolenta fly at the approach of man. 
From time to time a dschetran, or a fox, may be perceived. The 
nights are sultry and hot, and one hears the shrivelling of the 
Grillus cerisyz, Serv., and G. capensis, Fabr., the barking of the 
jackals, and the cries of Cafrimalgus arentcolor, Sev. The 
banks of the few rivers, covered with brush and reed-grass, are 
the refuge of the wild cat and the Zagomys. The high summer 
temperature of the oasis is well known: 40° Cels. in the shade 
being not uncommon; and M. Zaroudnoi is inclined to ascribe 
to the great heat the intensity of the moulting of birds. The 
lark loses so much of its feathers that the body remains in many 
parts quite naked ; with the stone-chatters only the base of the 
feathers remains on their heads. Most of the birds met with in 
the oasis during the summer belong to the Aral-Caspian fauna, 
the others come from the mountains; these last have followed 
the courses of the rivers and have taken possession of the Akhal- 
Tekke gardens; such are the Saliczfasser montanus, Passer 
indicus, Sylvia mystacea, Butalis grisola, a great number of 
Salicicarte, and several others. Some, like the griffons, the 
ravens, the Cypselus apus, the Cheliden urbica, the Merops 
apiaster, inhabit the mountains, and descend to the plain only 
for hunting. The Galerita magna, Calandrella pispoleta, and 
Saxicola isabellina, may be considered as representatives of the 
Akhal-Tekke fauna owing to their considerable numbers. (3) 
The mountain-region is much more interesting, especially when 
the traveller reaches the upper valleys covered with forests, 
where the vines grow wild. Wild cats and jackals are the usual 
inhabitants of these valleys ; but the Cywat/urus jubatus and the 
Leopardus pardus are rare ; L. irbis is never met with in the 
region. //y@na striata is occasionally met with. Z//obis tal- 
pinus, several Erinaceus and Platycercomys, as also Histrix 
hirsutirostrix are common. The dreadful Vigera eufratica is a 
source of continual danger during the grape-harvest. vemias 
velox and Agama sanguinolenta are worthy of notice. As to 
the birds, we must merely refer to the list of M. Zaroudnoi, 
where notes as to their distribution are given in French. The 
zoological determinations have been revised by M. Menzbier. 

SOCIETIES AND ACADEMIES 

LONDON 

Royal Society, May 27.—‘‘ Researches in Stellar Photo- 
graphy.” By the Rey. Prof. Pritchard, F.R.S. 

The objects of these researches are :—(1) To ascertain, if 
possible, by means of definite and accurate measurement, as 
distinguished from impressions and estimates, what is the rela- 
tion between the diameter of a star-disk impressed on a photo- 
graphic plate with a given exposure, and its photometric 
magnitude, instrumentally determined. With this view, five 
plates of the Pleiades were taken with different exposures, on 
different nights. The diameters of the star-disks on each of 
the plates were then measured with a double-image micrometer, 
checked by measurement also with the macro-micrometer in the 
Oxford University Observatory. Curves were then drawn for 
each of the plates, taking the magnitudes as given in the 
** Uranometria Nova Oxoniensis ” as abscissze, and the measured 
diameters as ordinates. The result was a satisfactory coincidence 
in the case of all the plates, leading, when treated in the usual 
manner, to the final result— 

D- Di=8 flog M’-log M} . . . (1) 
where J, ’ are the measured diameters of any two stars on the 
plate, and JZ, M’ the corresponding photometric magnitudes ; 5 
being a definite constant depending on the physical circumstances 
of the particular plate. 

It was observable that, out of twenty-eight stars examined, 
three stood out from the rest, indicating, as might have been 
expected, some peculiarity in the spectra of these stars. In 
the memoir itself the tabular relations of all the measures are 
exhibited. The similarity of the symbolical form above to the 
relations existing between ‘‘ magnitude” and intensity of light 
is obvious and interesting. 

(2) Another branch of the inquiry is still more important, and it 
is this. Seeing that in the modern use of the dry plates the times 
of exposure are so considerable, and the processes of develop- 
ment and drying, &c., so suspiciously dangerous to the stability 
of the films, it becomes a matter of great importance to ascertain 
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whether the photographic plate remains an absolutely accurate 
picture of the actual relative positions of the stars in the sky itself, 
and, moreover, whether these are measurable with that extreme 
degree of precision which is attainable with the best instrumental 
means. To ascertain this, the same plates for a portion of the 
Pleiades were taken which gave rise to the formula already 
obtained. The distances of some twenty-five of the stars from 
Alcyone were measured an each of these plates, the number of 
repetitions of the measures being made the same as those 
adopted by Bessel in his measures of the same distances with 
bis heliometer. The resulting accordances of these individual 
measures on each of the plates was very satisfactory, and a trifle 
better than the accordances in the case of Bessel’s measures ; 
and the accordance of each of the means of the distances of each 
of the stars from Alcyone on each plate was at least quite equal 
to the results obtained with the heliometer. The average devia- 
tions from the mean for all the measures was, in the case of the 
photographic plates, 0°24, and, of the heliometer measures, 
o”:29. ‘These satisfactory accordances of the resulting measures 
on each of the plates (corrected for refraction, and where neces- 
sary for aberration), afford a sure indication of the reality of 
the pictures, as well as of their accurate measurability. 

An interesting circumstance occurred in the course of the 
work. On one of the plates the distances of three stars from 
Alcyone exhibited a slight discordance of from o""75 to 1'°5, 
when compared with those stars on the other plates. These 
three stars all occupied a small area on the plate; no discord- 
ances occurred on this plate with respect to any of the other 
stars. Here is an indication of a slight disturbance of the film 
on one small portion of the plate, but on no other portion. 
Hence the necessity of the precaution of taking at least three 
plates for the purpose of security of measurement. The plates 
were exposed variously for about 8 to 12 minutes in the focal 
plane of the de la Rue reflector of 13 inches aperture, 

(3) A few stars were examined on the same plate with 
different exposures, varying from I second to 120, with the view 
of ascertaining, if possible, the relation between the areas of the 
impressed star-disks and their time of exposure. As far as at 
present appears, these areas vary as the square root of the time. 
This result differs widely from that obtained by Bond in 1858. 
That astronomer considered that these areas varied directly as 
the time; the investigation, however, is not yet complete, and 
will be resumed at Oxford. It is well known that these photo- 
graphic disks are not sharply and definitely cut circles on the 
negative plate, when examined with the higher powers of the 
microscope, such as 100 and beyond ; but they are fringed with 
a number of discreet black dots extending to some distance 
beyond the hard photographic images. ~ Nevertheless, these 
images, when printed in the form of position, lose this fringe, 
and present the appearance of well-defined sharply-cut circles ; 
the light appears to have penetrated through the interstices of 
the discrete fringe, and leaves a very definite outline. En- 
couraged by these results of the measurements of the stars from 
Alcyone, I propose to test this photographic method still further 
by applying it, not without hope of success, to the question of 
stellar parallax. 

These measures are now well advanced, and afford good hope 
of success. 

Chemical Society, June 17.—Dr. Hugo Miiller, F.R.S., 
President, in the chair.—The following were elected Fellows of 
the Society:—Thomas Akitt, James Blake, M.D., Alfred 
Chaston, A. W. H. Chapman, Augusto Cesar Diojo, Charles 
A. R. Jowitt, Charles Alexander Kohn, John Temple Leow, 
William Ray, Joseph Price Remington, William Richards, 
Forbes Rickard, William Saunders, Charles A. Smith.—The 
following papers were read :—The electrolysis of aqueous solu- 
tions of sulphuric acid, with special reference to the forms of 
oxygen obtained, by Prof. H. McLeod, F.R.S.—Essential oils 
(Part II[.): their specific refractive and dispersive power, by 
Dr. J. H. Gladstone, F.R.S.—The formation and destruction 
of nitrates and nitrites in artificial solutions and in river and 
well waters, by J. M. H. Munro, D.Sc.—Water of crystallisa- 
tion, by W. W. J. Nicol, M.A., D.Sc., F.R.S.E.—A method 
of investigating the constitution of azo-, diazo-, and analogous 
compounds, by R, Meldola, F.R.S., and F. W. Streatfeild.— 
The estimation of free oxygen in water, by Miss K. I. Williams 
and Prof. W. Ramsay.—Note as to the existence of an allo- 
tropic modification of nitrogen, by Miss K. I. Williams and 
Prof. Ramsay.—The presence of a reducing agent, probably 
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hydrogen peroxide, in natural water, by Prof. Ramsay. —Evapo- 
ration and dissociation (l’art IV.); a study of the thermal 
properties of acetic acid, by W. Ramsay, Ph.D., and Sydney 
Young, D.Sc.—Note on the vapour-densities of chloral ethyl- 
alcoholate, by William Ramsay, Ph.D., and Sydney Young, 
D.Sc.—The nature of liquids as shown by a study of the 
thermal properties of stable and of dissociable bodies, by 
William Ramsay, Ph.D., and Sydney Young, D.Sc.—The 
electromotive forces developed during the combination of cad- 
mium and iodine in presence of water, by A. P. Laurie, B.A., 
B.Sc.—Detection and estimation of iodine, bromine, and 
chlorine, by M. Dechan.—The analysis of alloys and minerals 
containing the heavy metals, selenium, tellurium, &c., by 
Thomas Bayley. 

Entomological Society, July 7.—Mr. J. Jenner Weir, 
F.L.S., Vice-President, in the chair.—Mr. S. H. Scudder, of 
Cambridge, Mass., U.S., was elected a Foreign Member of the 
Society.—The Rev. H. S. Gorham exhibited specimens of 
Eucnemis capucina, Ahr , a species new to Britain, discovered 
in June last in an old beech tree in the New Forest. He also 
exhibited specimens of Casstda chloris.—Dr. Sharp exhibited 
larvee of JZe/oé, and read notes on their habits, and Mr. Saunders 
exhibited a specimen of Hadécius infested with about thirty AZe/oé 
larvee. Mr. Billups remarked that he had recently found forty- 
seven larve of JZe/oé on the body of a species of Aucera. Dr. 
Sharp said that he was of opinion that the operations of these 
larvee were not the result of instinct, but were more like reflex 
actions : the instant the larvee touched a suitable surface they 
clung to it. The discussion was continued by Prof. Riley, who 
disagreed with Dr. Sharp, and believed these larvae were guided 
by instinct, as they showed a decided preference for particular 
hosts.—Mr. Jenner Weir exhibited a male of Lycena bellargus 
and a female of Z. zcaras, which had been captured 2 copula by 
Mr. Hillman, and shown to the exhibitor at the time of capture. 
Mr. Weir also exhibited some specimens of Zycena which he 
believed to be hybrids between Zi cena bellargus and L. tcarus ; 
and he further exhibited, on behalf of Mr. Jenner, four speci- 
mens of Phosphenus hemipterus, taken at Lewes.—The Rev. 
W. W. Fowler exhibited two specimens of Cirysomela cerealis, 
lately taken by Dr. Ellis on Snowdon ; and also two specimens of 
Actocharis Readingit, found at Falmouth by Mr. J. J. Walker.— 
Mr. E.B. Poulton called attention to the fact that the larvee of some 
Lepidoptera, if fed in captivity on an unusual food-plant, subse- 
quently refused to eat their ordinary food-plant. He stated that 
he had observed this with the larvae of Pygera bucephala and 
Smerinthus ocellatus. Mr. Stainton, Mr. Fowler, and Mr. Goss 
made some remarks on the subject.—Mr. Elisha exhibited a 
series of bred specimens of Geometrva smaragdaria.—M. Alfred 
Wailly exhibited a long series of silk-producing moths, including 
some remarkable hybrids between P. cecropia and P. ceanothi ; 
and Prof. Riley and Mr. Weir made some observations on these 
hybrids.—Dr. Sharp read a paper on Eucnemis capucina (Ahr.) 
and its larva.—Mr. Dunning read a report on the subject of the 
importation of humble-bees into New Zealand, from which it 
appeared that the efforts of Mr. Nottidge, of Ashford, and the 
Canterbury (N.Z.) Acclimatisation Society had been successful, 
and that the long wanted clover-fertiliser had at length been 

| established in New Zealand.—M. Peringuey communicated notes 
on some Coleopterous insects of the family Pausside.—Mr. J. 
B. Bridgman communicated additions to the Rev. T. A. Mar- 
shall’s Catalogue of British Ichneumonidee.—Prof, Riley read 
notes on the phytophagic habit, and on alternation of genera- 
tion, in the genus /sosoma. In this paper Prof. Riley described, 
from direct observation, the phytophagic habit in two species of 
the genus. He also established the existence of alternation df 
generation. 

EDINBURGH 

Royal Society, July 5.—The Hon. Lord Maclaren, Vice- 
President, in the chair.—In a paper on the electrical resistance 
of niekel at high temperatures, Prof. C. G. Knott, of Tokio 
University, gave an account of experiments on certain nickel 
wires, in which the temperature was carried to a fairly bright 
red head. The resistance at different temperatures was com- 
pared with the resistance of a platinum wire at the same tem- 
peratures ; and, by the substitution of other metals for the 
nickel, further comparisons were established. Nickel, platinum, 
palladium, and iron were thus studied; and the general con- 
clusions were as follows :—(1) The rate of growth of the resist- 
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ance of a given nickel wire with temperature is greater, on the 
average, than the corresponding quantity for platinum or palla- 
dium, and less than that for iron. (2) The ‘‘logarithmic rate” 
—that is, the rate of change per unit rise of temperature of unit 
resistance at any temperature—falls off more slowly for nickel 
as the temperature rises to 200° C. than for platinum or palla- 
dium. (3) At about 200° C. the rate of resistance growth for 
nickel increases markedly, and continues practically steady, till 
about 320° C., when a sudden decrease occurs, and thereafter 
the resistance steadily increases at this diminished rate. In 
other words, between the limits of temperature specified, the 
slope of the resistance curve is much steeper than for any 
other. The same peculiarity is probably possessed by iron 
between the temperatures of a dull red and a bright red 
heat. (4) The peculiarity occurs (in each case) between 
the limits of temperature within which the striking thermo-elec- 
tric peculiarity discovered by Tait also occurs. This peculiarity, 
which is most briefly described as an abrupt change in the 
sign of the Thomson effect, is not known to be possessed by any 
other metal. (5) There is thus a strong presumption that the 
Thomson effect in metals has a close connection with the mutual 
relations of resistance and temperature—at any rate in metals in 
which the Thomson effect is proportional to the absolute tem- 
perature (according to Tait’s theory) the “logarithmic rate” of 
change of resistance seems to be very approximately inversely as 
the absolute temperature. In nickel and iron, in which the law 
of the Thomson effect is peculiar, such a simple relation between 
resistance and temperature does not hold.—Prof. Tait discussed 
the effect of external forces on a system of colliding spheres. He 
gave a proof, much more simple than Maxwell’s, of the fact that 
gravity has no effect in altering a uniform distribution of tem- 
perature throughout a yertical gaseous column. His proof is 
founded on the assumption that, in a horizontal layer of gas 
which has arrived at a steady state, all particles passing across 
the upper surface do so on the whole as if they had freely passed 
through the layer.—Dr. John Murray read a paper by Dr. H. B. 
Guppy on the mode of formation of the coral reefs of the 
Solomon Islands. In this paper the typical reefs were described 
with the various corals growing on them. In places exposed to 
the full sweep of the trade-winds the corals do not grow higher 
than to about 7 or ro feet from the surface. In sheltered places 
they are found at a depth of from 4 to 5 feet. Dr. Guppy 
believes that the reefs never ri-e to the surface without upheaval. 
He gives a theory of the construction of barrier reefs, which 
corresponds to that formerly given by Le Comte to explain the 
reefs of Florida.—Mr. J. T. Cunningham, of the Scottish Marine 
Station, read a paper on the eggs and early stages of some 
teleosteans, and also a paper on the reproductive organs of 
Baellostoma, and a teleostean egg from the West Coast of 
Africa.—Mr. Patrick Geddes gave a synthetic outline of the 
history of biology, and also read a paper on the theory of growth, 
reproduction, heredity, and sex. 

SYDNEY 

Linnean Society of New South Wales, May 26.—Prof. 
W. J: Stephens, M.A., F.G.S., in the chair.—The following 
papers were read :—Notes on some Australian Tertiary fossils, 
by Capt. F. W. Hutton. In this paper, which is based on the 
examination of a fine collection of Australian Tertiary fossils 
recently sent to the Canterbury Museum by Prof. Tate of Ade- 
laide, Capt. Hutton enumerates seventeen species of molluscs 
and echinoderms which are common to the Tertiary strata both 
of Australia and New Zealand, and deals with their synonymy. 
—On some further evidences of glaciation in the Australian 
Alps, by James Stirling, F.L.S., communicated by C. S. 
Wilkinson, F.G.S. After reviewing what has been written on 
the subject of glacial action in Australia, the author adduces 
fresh evidence in favour of such action, obtained by himself and 
Dr. Lendenfeld during a recent visit to Mount Bogong, the 
highest mountain in Victoria, where erratics, perched blocks, 
smoothed surfaces, and old moraines were met with.—Jottings 

from the Biological Laboratory, Sydney University, by W. A. 
Haswell, M.A.: (No. 7) On a method of cutting sections of 

delicate vegetable structures ; (No. 8) on the vocal organs of 
the Cicada.—Mount Wilson and its ferns, by P, N. Trebeck. 
Mr. Trebeck describes the position, geology, soil, and vegeta- 
tion generally of Mount Wilson, and gives details of 15 genera 
of ferns, including 38 species, which were growing there in the 

_ greatest luxuriance from the very summit to a considerable dis- 
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tance down the slopes and gullies of the mountain.—List of the 
Rhizopoda of New South Wales, by Thomas Whitelegge. The 
list contains 24 species, with exact localities, and notes on col- 
lecting, preserving, and mounting Rhizopods. ‘The species are 
mostly identical with those found in Europe, America, and 
India. Amongst those of interest the following may be men- 
tioned :—Arcella dentata, Ehr., Pelomyxa palustris, Greeff, 
Raphidiophrys elegans, Hert. and Less., Clathrulina elegans, 
Ceinkowski, and Aiomyxa vagans, Leidy. 

PARIS 

Academy of Sciences, July 19.—M. Jurien de la Gravieére, 
President, in the chair.—Remarks accompanying the presenta- 
tion of M. de Saint-Venant’s important manuscript memoir on 
‘the resistance of fluids,” by M. Boussinesq. This unpublished 
work, begun in 1847, and not completed till the year 1885, a 
short time before the author’s death, embodies historical, 
physical, and practical considerations regarding the problem of 
the mutual dynamic action of a fluid and a solid, especially in 
the state of permanence supposed to be acquired by their move- 
ments. It comprises three parts, the first dealing with the 
researches of previous physicists on the impulse of fluids in 
motion on solil bodies encountered by them ; the second show- 
ing theoretically that this impulse is connected exclusively with 
the ‘‘imperfection of the fluid,” that is, the development of 
friction, which to be surmounted requires a higher pressure on 
the upper than on the lower surface of the submerged body ; the 
third containing a practical calculation of the impulse experienced 
by a body in any indefinite fluid current.—On the displacement 
of ammonia by other bases, and on its quantitative analysis, by 
MM. Perthelot and André. It is shown that in the presence of 
soda the double salts yield their ammonia far less readily than 
the sal ammoniacs unassociated with another base ; also that in 
the ordinary conditions of analyses magnesia is powerless to 
entirely displace the ammonia. With certain salts, such as 
ammoniaco-magnesian phosphate, the displacement is extremely 
slight or nil. These results must henceforth be taken into 
account in the analysis of earths and of other products contain- 
ing organic matter associated with the phosphates or with mag- 
nesia.—On a reindeer’s antler embellished with carvings found 
by M. Eugene Paignon at Montgaudier, by M. Albert 
Gaudry. This relic of the reindeer age ranks among the most 
interesting animal and human remains in recent years discovered 
by M. Paignon in the Montgaudier Caves, Tardoire Valley, 
Charente. It is pierced with a large hole and covered with 
carvings executed with such a sure hand and sentiment of form 
that it shows even to greater advantage under the magnifying 
glass than when viewed with the naked eye. One face shows 
two seals (Phoca vitulina and a larger perhaps of different spe- 
cies), a fish (a salmon or trout), and three twigs of plants. On 
the other side are two long slender animals, apparently eels, 
three other animal figures exactly alike but indeterminable, and 
an insect. This specimen of prehistoric art, of the authenticity 
of which there can be no doubt, has been presented by the 
finder to the Museum, together with several other objects from 
his valuable collection.—On the real position to be assigned to 
the fossil flora of Aix in Provence (continued), by M. G. de 
Saporta. The conclusion already arrived at on stratigraphic 
grounds, that this flora belongs to the triple series of the Upper 
Eocene, Tongrian, and Aquitanian, is here confirmed by the 
Palzeontological indications themselves.—On the development in 
series of the potential of a homogeneous revolving body, by M. 
O. Callandreau.—On the variations of the absorption-spectra in 
non-isotropic mediums, by M. Henry Becquerel. Apart from 
certain anomalies here described, it may be generally assumed 
that for each absorption-band there is a single system of three 
principal rectangular directions, of such a nature that the in- 
tensity of a luminous vibration proceeding from a crystal parallel 

to the direction of the incidental vibration may be represented 

by the form 7 = (a cos? a + 4 cos*B + ¢ cos *y)?, where a, 8, 

indicate the angles of direction of the vibration with the principal 

directions, and 2”, 62, c? the principal intensity of the radiation in 

question. This hypothesis seems to be confirmed by photometric 

measurements executed with plates of epidote.—On the decom- 

position of hydrofluoric acid by an electric current, by M. H. 

Moissan.—Note on urethane regarded from the standpoint of 

chemical analysis by M. Georges Jacquemin.—Action of some or- 

ganic chlorides on diphenyl in the presence of the chloride of alu- 

| minium, by M. P. Adam.—Gn the normal propylamines, by M. 
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C. Vincent. The results of the author’s researches are : (1) The 
separation of the three normal propylamines ; (2) the discovery 
of nitrosodipropylamine ; (3) the determination of the physical 
constants of di- and tripropylamine and of nitrosodipropylamine. 
—On a new creatinine (ethylamido-acetocyamidine), and on the 
formation of the creatinines and creatines, by M. E. Duvillier. 
From the author’s experiments it follows, so far, that the action 
of cyanimide on the starch acids consists essentially in the forma- 
tion of creatinines, that of creatines taking place only in a very 
few cases.—On a combination of stannic chloride with hydro- 
chloric acid (chlorostannic acid), by M. R. Engel. —On the alco- 
holate of potassa, by M. E. J. Maumené. Referring to M. 
Engel’s note in the last issue of the Comptes Rendus, the author 
points out that he had already determined and announced an 
alcoholate of potassa so far back as the year 1872 (Les Mondes, 
December 19, 1872).—Note on the antennz of the Eunicians, 
by M. Et. Jourdan.—On the effects of pollinisation in the orchid 
family, by M. Léon Guignard. A series of experiments is 
described which the author has carried out for the purpose of 
determining the varying interval which intervenes between 
pollinisation and fertilisation in this group of plants.—On the 
amphibolic schists and gneiss, and on the limestones of Southern 
Andalusia, by MM. Ch, Barrois and Alb. Offret.—Fresh ex- 
periments with balloon photography: ascent of MM. A. and 
G. Tissandier and P. Nadar, by M. G. Tissandier. During 
this ascent, which took place on July 2, and lasted nearly six 
hours, the altitude never exceeding 1700 metres, M. Nadar took 
no less than thirty instantaneous photographs ; of these about a 
dozen constitute undoubtedly the finest series of negatives yet 
obtained from a balloon. Amongst them were two views of 
Versailles at 800 metres ; one of Sévres at 600 metres ; one of 
Balleme (Orme) at 900 metres ; several perspectives of Saint- 
Remy (Sarthe), some at 1200 metres. During a second ascent 
the following week, M. Nadar secured three good views of 
Champigny and the banks of the Marne. These experiments 
place beyond all doubt the success of aérial photographic 
operations. 

BERLIN 

Physical Society, June 4.—Dr. Pringsheim spoke on anew 
application of the telephone for the measurement of electrical 
resistances, a purpose for which it had already been brought into 
use by Prof. Kohlrausch in cases in which the resistances were 
measured by means of alternating currents—in cases, that is, of 
fluid conductors and also in the case of wires. Dr. Pringsheim had, 
however, observed that in the measurement of wire-resistances by 
means of alternating currents the determinations by the telephone 
did not always concur with those of the galvanometer, and 
varied very much with repeated measurements. He therefore 
applied the telephone for measurement by means of a constant 
current, and that in the following manner. In the Wheatstone 
bridge the circuit usually occupied by the galvanometer was 
of constant resistance. he four sides of the wire arrange- 
ment contained the wire the resistance of which required to be 
measured, and the rheostat. The two free angles of the square 
were connected by a wire circuit in which was placed a telephone. 
So long as the resistances of the two sides of the bridge were 
not perfectly equal, a part of the current flowed through the 
telephone circuit, and each time this was opened a snapping was 
heard in the telephone. The rheostat resistance was then 
changed till nothing was heard on opening the telephone circuit. 
The sensitiveness of this method was equal to 0'04 per cent. of the 
total resistance. —Prof. von Helmholtz reported on his most recent 
investigations, which respected the ‘‘ doctrine of the maximum 
economy of action,” and communicated the interesting history of 
the understanding of this principle. The doctrine was first pro- 
pounded by Maupertuis in 1744 ina treatise laid before the Paris 
Academy. This treatise contained, however, no general statement 
of the proposition, nor did it define the limits of its applica- 
bility, but only adduced an example. This example was, in 
accordance with the present state of our knowledge, not 
pertinent, and had no relation to the principle of the actio minima. 

Two years later Maupertuis propounded his principle before 
the Berlin Academy, proclaimed it to be a universal law of nature 
and the first scientific proof of the existence of God. On this 
occasion, too, he did not prove the proposition nor determine 
the limits of its applicability, but only supported it by two 
examples, one of which alone was correct. This principle, 
propounded with such grand solemnity, but so weakly sup- 
ported, was violently attacked by Konig of Leipzig, and just as 
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keenly defended by Euler. This mathematician likewise failed 
to furnish the proof, which was not possible till after the investi- 
gations of Lagrange. The form in which the principle of the 
actio minima now existed was given to it by Hamilton, and the 
Hamiltonian principle for ponderable bodies was in complete 
harmony with the Lagrange propositions. The elder Neumann, 
Clausius, Maxwell, and the speaker had already extended the 
Hamiltonian principle to electro-dynamics. For this purpose, 
and in order to be able to subordinate to it all reversible pro- 
cesses, the speaker had undertaken some transformations of it, 
and had introduced into it the conception of the ‘‘ kinetic 
potential.” Inthe form it had thus attained the Hamiltonian law 
—the old principle of the actio minima—had in point of fact 
universal validity, It had just as wide an application as had the 
law of the conservation of energy, and revealed a whole series 
of mutual relations between the different physical processes. In 
his communication Prof. von Helmholtz gave only a quite general 
view of his investigations. 
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THE BOOK OF DUCK DECOYS 

The Book of Duck Decoys; their Construction, Manage- 

ment, and History. By Sir Ralph Payne-Gallwey, 

Bart. (London: John Van Voorst, 1886.) 

N the year 1812 appeared the first instalment of what 
its eccentric author intended to be a sketch of the 

local history of the Lincolnshire Fens; therein “ Fen- 

Bill Hall” declares his set purpose of devoting a portion 
of the work to the “life of a low Fen-man,” and of 

descanting largely upon the subject of decoys, adding 
that he had never seen but one rational writer on the 
subject, and that he (the said writer) manifested that he 
knew “nothing of the theory.” MHall’s book came to an 
untimely end with the third part, and the author therefore 
had not the opportunity of writing “rationally” upon a 

subject which would have proved so interesting in the 
present day and upon which so much irrational writing 
has been lavished. Failing “ Fen-Bill Hall” so well did 

the decoymen keep their secret and so securely were the 

decoys guarded from intrusion that in all the numerous 
subsequent so-called descriptions, with one or two partial 
exceptions, the writers showed an utter want of acquaint- 
ance with both the theory and practice of decoying, and 
in the exceptional cases named such experience was of a 
very limited character, the deficiency being in all proba- 
bility supplied by intentionally misleading information 
on the part of the guardian of the decoy. It was not till 
the year 1845, when the Rev. Richard Lubbock published 

his well-known “ Fauna” of Norfolk, that the first really 
reliable account of the art of constructing and working a 
duck decoy, the result of actual experience acquired by 
the writer, was given to the public. Since that time 
various more or less accurate papers on the same subject 
have appeared, but it remained for Sir Ralph Payne- 
Gallwey (than whom no more competent authority could 
be found) to collect the literature of the subject, and with 
his own practical experiences added, to publish the first 
“ Book of the Duck Decoy ” in the form of the handsome 

volume now before us. 
From very early times tunnel-nets appear to have been 

used for taking water-fowl, and there is no doubt much 
importance was attached to the privilege of using such 
engines, as appears from frequent litigation on the sub- 
ject, dating back even as long ago as the reign of King 

John. These tunnel-nets were used for the purpose of 

securing young birds yet unable to fly, which with the old 
birds when moulting were dvzvev into them. Sir Ralph 
Gallwey gives a curious woodcut of such an arrangement, 

as used in the sixteenth century, which represents in a 
somewhat diagrammatical way a phalanx of boats driving 

the birds before them into the nets fixed at the head of a 
bay, much as the Orkney fishermen drive a “school” of 
ca’ing whales on to the beach. This method of driving 
was found so destructive that it was prohibited by law, and 
was probably succeeded by a device called a cage-decoy, 
into which the ducks were enticed by feeding, and then 
secured by dropping a framework of netting which closed 
the entrance. Such a decoy is still worked at Hardwick 
Hall in Derbyshire, but it seems probable that decoys 

VOL. XXXIV.—NO. 875 

proper as used in the present day were not introduced 
into England till the commencement of the seventeenth 

century,—whether by Sir William Wodehouse as so often 
stated, on the authority of Sir Henry Spelman, Sir Ralph 
Gallwey appears to think doubtful. The decoy erected 
by Charles II. in St. James’s Park in the year 1665 is 

doubtless the first arrangement on the Dutch plan for 
alluring ducks of which we have any exact account, and 

it is even possible that a curious old woodcut which 
occurs in a copy of “ Asop’s Fables,” dated 1665, and 
which Sir Ralph Gallwey reproduces at p. 9 of his book, 

may have been taken from this identical decoy; but 
should it, as seems more probable, have been sketched 

from a still earlier decoy, it would tend to prove that Sir 
William Wodehouse really had the honour of taking pre- 
cedence of Charles II. in adopting the Dutch method of 
decoving. 

For the successful working of a decoy a site must be 
chosen far from the busy haunts of men, secluded by a 

screen of trees, all the approaches to which should be 
under the control of its owners; at the commencement 

of the present century such spots were easy enough to 

find, and decoys abounded yielding large profits to those 
who worked them. Unfortunately very little is now 
known of the results of the working of these decoys, but 

we have it on the authority of Pennant that one cele- 

brated group of ten decoys in Lincolnshire produced in a 
single year 31,200 ducks. There are also some published 
statistics of the Ashby decoy, showing that in thirty-five 
years 95,836 fowl were there taken ; anda famous decoy in 
Essex produced in thirteen years 50,787 birds. Sir Ralph 

Gallwey estimates that 100 decoys which formerly existed 
in the Eastern Counties averaged 5000 ducks each yearly, 

or half a million of birds, and this without firing a shot, 

and adds, “during the last dozen years I have waged 
constant warfare against wildfowl, with all imaginable 

contrivances in the way of yachts, punts, and guns, in 

various parts of the world, as well as at home, at a cost 
of—I should be afraid to say how much time and money 
—yet I can account for but six or seven thousand ducks. 
Now, in ove winter alone, it was in our grandfathers’ 

days a usual thing for a decoyman to catch from five to 

ten thousand birds, at an annual outlay of perhaps 50/. 

spent in keeping up a pond and its netting, its pipes, and 
its reed screens.” The price realised by the fowl at the 

commencement of the present century seems trivial 

enough as compared with that produced in the present 
day, but many decoys then made a return of from 

one to four hundred pounds per annum, perhaps even 
more, could the secrets of the decoymen be ascertained. 
In 1714 about gs. 6d. per dozen birds seems to have been 

the price (it must be remembered that the smaller species 
of duck were counted as “ half-birds,” and went at twenty- 
four to the dozen) ; from thence the price appears gradu- 
ally to have increased to 16s. per dozen in 1726. In 
1765-66, 13,160 “ whole-birds ” (representing 18,000 fowl), 
captured at the Dowsley decoy, sold for 3857. 18s. rod. 

As might be expected of men exercising such an excep- 
tional calling, the decoyman was clannish in the extreme ; 

and Sir Ralph Gallwey gives some very interesting par- 
ticulars of a family of typical decoymen named Skelton, 

who originally migrated from Firskney in Lincolnshire, 

where they had long followed the same occupation, inta 
P 
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Norfolk, in which county they remodelled most of the 

then existing decoys and constructed others. Descendants 
of the same family, having since removed to other counties, 

are some of them still celebrated for the skill with which 

they exercise the talent inherited from their forefathers. 
When “ Old George Skelton” first came into Norfolk he 
found the decoy-pipes simply grouped around the margins 
of the “Broads,” a plan which did notat all accord with his 
ideas of propriety, the great extent of water rendering it 
difficult if not impossible to have the fowl under what he 
considered proper control. He therefore selected a small 
piece of water of about two acres in extent on the banks 

of which to construct his decoy, much to the amusement 
of the local decoymen; but their derision was soon changed 

to amazement when in one week he captured 1100 teal in 
his “two-acre puddle” as they derisively termed it. The 
son of this man, also known as “Old George Skelton,” 

was equally celebrated for his skill as a decoyman, and 
left his mark upon many of the Norfolk decoys. This 
man, says Sir Ralph Gallwey, is described as a “very 
peculiar man, short of stature, web-footed like a duck, 
very strongly built, particularly kind in disposition, per- 
fectly indifferent to cold and hardship, well-informed, and 

unequalled in skill in the construction and management 
of decoys.” 

In the space at our disposal it would be impossible 
even to epitomise the full and elaborate instructions for 

erecting and working a decoy, given so clearly and pre- 
cisely that the thirty-two plans and illustrations are 
scarcely necessary for their elucidation. But with such 

assistance there should be no difficulty in erecting the 
decoy, and by following the ample instructions expe- 
rience would be gained in a season or two sufficient to 

enable almost any one to work the pipes with tolerable 
success ; but the art of decoying is only to be acquired in 
perfection by careful and continued study of the habits of 
the frequenters of the decoy pond with practice added, 
We quite agree with Sir Ralph Gallwey that there cannot 

be a more interesting adjunct to an estate than a duck 

decoy, if even it be only worked on occasions to obtain a 
supply of fowl for the table of the proprietor and as 
acceptable presents to his friends; but should he be a 

naturalist and fond of the study of birds, a peep through 
the screen of his decoy at the fowl disporting themselves 
in a state of perfect unconsciousness under his very eye 
and almost within his grasp will go far towards repaying 

him the trifling outlay the decoy will entail. Nor need 
the fact of the decoy being worked preclude the proprietor 
from the occasional use of the gun: if not persistently dis- 
turbed the fowl will speedily return, and although it is 
undoubtedly to the advantage of the decoy to be perfectly 
secluded, a very successfully worked decoy is known to 
the writer in so exposed a situation that the fowl on the 

water may be seen from a public road which passes close 
by ; it is astonishing how soon wildfowl become accus- 

tomed to sounds and sights which are not sudden or 
unexpected. : 

Sir Ralph Gallwey enumerates forty-four working 

decoys, and traces with more or less success the history 

of 149 others which have ceased to be used in England, 

and three active and nineteen disused decoys in Scotland ; 
the sister island, so far as he can ascertain, never having 
possessed a decoy. Of this large number Lincolnshire 

possessed thirty-nine, only one of which is still worked ; 

Essex thirty, three of which are still worked; Norfolk 
twenty-six, with five still worked ; and Yorkshire fourteen, 
with two only still in use. The history of these decoys as 
given by Sir Ralph Gallwey will be found replete with 
antiquarian interest as well as with abundant matter for 
the consideration of the naturalist, and his chapter on the 
Lincolnshire Fens is especially interesting. 
A short account is given of the decoys existing in 

Holland, from which country enormous numbers of fow! 

are exported annually, and which probably indicates the 

state of affairs which existed in this country in the palmy 
days of the duck decoy. A small woodcut on p. 200 
shows a form of nesting basket used by the Dutch for 
their tame decoy ducks, and which would probably prove 
an excellent contrivance for inducing wild birds to nest 
in our own shrubberies and pleasure-grounds. 

We cannot speak too highly of the plates and plans 
with which this handsome volume is illustrated, and we 

cordially recommend it to the perusal of all lovers of 
field-sports. 

COMETARY AND PLANETARY ORBITS 

Traité de la Détermination des Orbites des Cometes et 
des Planétes. Par le Chevalier Théodore d’Oppélzer, 

&c. Edition Francaise. Par Ernest Pasquier. (Paris : 
Gauthier-Villars, 1886.) 

HIS is a translation from the second edition of the 
first volume of Prof. OppOlzer’s laborious and truly 

classical work in German, on the theory and practical 

determination of the orbits of comets and planets. It has 
been made with the full assent and co-operation of the 
author, and with the assistance of Dr. Schram and others 
who greatly aided in the production of the original work. 
The volume comprises nearly 500 pages of text and 200 

pages of tables, and is an excellent specimen of typography 

throughout. Oppdlzer’s first volume is divided into two 
parts, the first termed /reparatory, the second treating of 
the determination of orbits in the various conic sections 

In the preparatory part we have chapters on the trans- 
formation of co-ordinates ; on co-ordinates in their relation 

to the time and the relation between the position of the 
celestial body in its orbit and the corresponding epoch ; 
likewise on the relation between a number of positions in 

the orbit. Thereisachapter on aberration, andan important 

one on the theoretical determination of the formulz of pre- 

cession and nutation. The second part commences with 
the treatment of parabolic orbits, of which the numerous 

cometary discoveries of the present day necessitate so 
frequent application, and there are fully-worked numerical 
examples referring to the comets 1869 III. and 188r III. 
This section is followed by a chapter, which will have 
much interest, on the determination of the orbit of a 
swarm of meteors by means of its radiant point, a problem 
which is reduced within a very small expenditure of time 
and calculation : a numerical example is worked out for 
one of Prof. Weiss’s radiants. The next section treats of 
the calculation of the orbit where no assumption is made 
with respect to the excentricity : (1) from three observa- 
tions only, as is more usually the case ; (2) where four 
observations are introduced. The well-known general 

method of Gauss was published early in the present 
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century, and has been used in determining the 
orbits of a large number of the minor planets, 
and of the comets of short period. Oppdlzer sub- 
stitutes for it in his second edition one of his own, 

which, from extensive application he has found to be 

much superior to all other methods, both as regards the 
precision of the results and the rapidity with which the 
computations may be performed. In the case of the planet 

Ceres he obtained results on a first approximation more 
exact than those given by the method of Gauss after three 

approximations. Further, it is pointed out that, where 
four observations are employed, Gauss’s method is not ap- 
plicable, except when the excentricity is small. There is a 
chapter on the modifications of Oppdélzer’s method neces- 
sary in the determination of cometary orbits ; also a nu- 
merical example for the orbit of the minor planet Ludora, 

and one for the first comet of 1866, or the comet of the 

November meteors, as well as a comparison of the new 

method with that of Gauss, by an example taken from 

the Zheorta mots. So far, three observations are em- 

ployed. Similar examples follow for the case of four 
observations. A succeeding section deals with the calcu- 

lation of circular orbits, and it is shown that an ephemeris 
deduced from a circular orbit, which admits of compara- 
tively rapid and easy calculation, may be made of service 
in following for a time a newly-discovered minor planet. In 
an appendix are collected all the formulz usually required 
in the first determinations of orbits, with reference to 

those parts of the volume where the analysis and other 

details are to be found—a résumé that possesses great 
value in so extensive a work. The tables which follow 
are on a greatly extended and refined system, more 

especially that for the calculation of the true anomaly in 
the parabola 

The great work of Oppdélzer, of which Prof. Pasquier 
has presented astronomers with so admirable a transla- 
tion, is not one suited to a beginner; but the student 
with a certain knowledge of the differential and integral 
calculus, and of analytical mechanics, may initiate him- 

self with its aid, as the translator remarks in his preface, 
“% Yun des problémes les plus hardis que se soit posés 
Vintelligence humaine.” 

LETTERS TO THE EDITOR 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing tnteresting and novel facts.] 

The Silver-Blue Cloudlets again 

From your last week’s issue, p. 264, it would seem that the 
silver-blue clouds and cloudlets seen at midnight low down over 
the northern horizon both in this, and last, year’s July are 
attracting much attention among your correspondents; but have 
not yet had the spectroscope directed to them. 

Now there was a remarkable display of those bright blue 
clouds on the night of Tuesday, July 27, though with some 
variations on their exact mode of appearance in the eardier part 
of the month ; but not necessarily removing them into a different 
category. The day had been cold but clear, especially in the 
northern direction, from which the wind was blowing, bar. = 
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29°60, night temp. = 48° F., depression of wet-bulb = 4”0 F 
It was therefore just such a night as at this season of the year 
and in this high latitude is certain to show a coloured twilight 
over the sun’s place beneath the northern horizon, if ordinary 

thick fogs, and low cloud-banks do not interfere. 
On issuing, then, that night, close upon twelve o’clock, from 

the Observatory computing-room, upon the Calton Hill, I was 
surprised and even startled, not at seeing a low-down coloured 
twilight in the north, but at the excessive strength, and glittering 
brightness of its colours. You might indeed have, at first 
sight, imagined that some great city, spread abroad over the 
plains of Fife was in a fierce state of extensive conflagration, so 
burning red was the first and lowest stratum extending along 
nearly 20° of the horizon. But fhat awful kind of red- 
ness passed quickly into lemon-yellow clouds in the stratum 
next above the red ; and then came the silver-blue cloudlets just 
above the lemon-yellow, and even brighter still ; but with an 
imnocence of colour and gentleness of beauty, which at once 
exorcised the horrid idea of malignant flames devouring the works 
of man ; and showed it must be something very different. 

But still what was it, that made that low level strip far away 
in the north, just then so brilliant in its light and intense in its 
colours,—that it, and it alone seemed for the time, to be 
illumining the otherwise pitchy darkness of night? At the same 
time a few stars were faintly vi-ible ; while a long streamer, 
of apparently white cirrus cloud, trailed over half the sky from 
west, to east-north-east, and passed across the Polar region at a 
considerable altitude, having the silver-blue cloudlets and their 
gorgeous red basement far below, but within, its wide-inclosing 
sweep. 

On reaching home, I got a large spectroscope to bear on the 
brightest part of the low level streak of richly coloured light, 
its red, and yellow, and light blue, both collectively, and 
separately ; but with no other decided effect than a short con- 
tinuous spectrum in the green; which, as I have elsewhere long 
ago shown, is the spectrum of ordinary twilight always. For even 
though red and yellow be present to the eye at large, these 
colours rapidly fade out in any slit-formed spectrum, leaving the 
maximum of faint twilight placed by the prism as above 
described. 

On this occasion, however, I did remark that that short 
continuous spectrum began in its citron, or commencing, region 
rather abruptly: in fact I even imagined a bright line there ; 
and after several independent measures of spectrum-place, duly 
tested by reference both to a hydrogen tube, and the micrometer 
readings,—made out, that it was in the very position of the 
aurora line; or that, in fact, aurora was at that moment assist- 
ing, though to a very small extent, in that low streak of merely, 
but yet so intensely coloured, solar and Scottish, midsummer- 
midnight, northern, twilight. 

Going next to the window, with a hand spectroscope, and 
examining the long ribbon of supposed white cirrus at some 
immense elevation, —it was startling as well as delightful to find 
it to consist of hardly anything but aurora; and to see aurora’s 
chief line thin, sharp and positively brilliant along its whole 
extent ; even appearing, if that could be, several times brighter, 
than its parent white streamer itself looked to the naked eye. 

Nor did the identification, as aurora, of this fair white arc 
(transverse to a line leading to the magnetic pole), depend on the © 
spectroscope alone: for, about ra.m., it began to form luminous, 
and rather yellowish, abutments to both its western and eastern 
terminations. Then its original singleness of curvature began to 
mould itself in the north-west into several curves of shorter 
radius; and after that, many thin arrows and shafts of light 
began to shoot out at right-angles from some parts of the great 
arc, and towards the zenith ; and then, after a few minutes, died 
away. In fact it was tothe eye a very fair auroral display, 
though the papers next morning said nothing about it. 

But luminous manifestations were by no means the whole of 
what the aurora was doing ; for presently I could conceal from 
myself no longer that the whole space below that long and high 
vaulting, white, upper arc was darkened, as compared against 
the sky elsewhere, with a brown-black hue ; which moreover 
darkened still further and deepened in obscuration as it de- 
scended, until it suddenly ended sharply above, and quite close 
to, the silver-blue cloudlets of the low coloured twilight on the 
northern horizon, 

Here then was a key at once to the apparently supernatural 
brilliance of the silver-blue cloudletsand the other colours 
below them; viz., all the broad expanse of ordinary further, 
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or outer, twilight, extending in reality to far beyond and above 
the place of the said cloudlets, was on this occasion painted, or 
blocked, out by dark dun colour. Nearly half the heavens were 
so obscured, and the earth below was as dark. No wonder 
then that the residual strip of untouched twilight shone so 
conspicuously in contrast. 

But what is that darkness below an auroral are ? 
It has been compared to the dark space under the negative 

pole of a highly rarefied gas-tube, when an electric spark is 
passed through it, And if we add in idea that it extends 
downwards to a certain angular distance from the sun, say 20°, 
and keeps to that,—the suggestion may explain why the silver- 
blue cloudlets were seen higher over the northern horizon in the 
end of June and beginning of July, than at vhe end of the 
latter month ; and also why they are never seen in the winter. 
But a still greater instrumental curiosity manifested itself in this, 
that the bright auroral citron-coloured line was also given in the 
spectroscope out of every part of that large expanse of auroral 
shade ; and almost, though not quite, as well as from the bright 
track along its outer and upper edge ; just as if, however dark 
to the unassisted eye, the black-brown space was yet somewhat 
luminiferous to the peculiar power of the prism. 

On the next night after this interesting midnight experience, 
there was no aurora, and the twilight extended faintly to many 
degrees higher than the position of the blue clouds of the 
previous night, and in fact spread into and over the region which 
was before so decidedly ‘‘aurora blackened.” 

But the next night after that again, viz. two nights after the 
display, there was a wet drizzling mist which continued through 
the early hours until more than a quarter of an inch of rainfall 
had been gathered. Admirably confirming therefore the late 
Sir Robert Christison’s often strongly expressed opinion that 
48 hours after a great aurora, abundant rain is sure to follow,— 
an opinion too which I have only just heard was formed quite 
independently in Canada by my friend Mr. R. S. Haliburton, 
who is even now introducing it into his theory of ‘the aqueous 
origin of the aurora,” so far as that can be carried; but with- 
out explaining either the citron line in the spectrum; or the 
effect on the magnetic needle. C. Prazzt SMYTH 

15, Royal Terrace, Edinburgh, July 31 

The Bright Clouds 

THE bright cirrus-like clouds are very common here this 
summer. I have seen them here on the nights of the r2th, r8th. 
2oth, and 24th of last month, and on the rst inst., also at 
Gilsland on the 27th ult., in fact I do not know that in the last 
fortnight there has been a single night on which the northern 
sky has been quite free from lower clouds on which they have 
not appeared more or less ; sometimes, however, they appear 
but fora short time, and ina very limited area of the sky. I 
have tried to keep a watch to see them in the day-time, but have 
not succeeded as yet; the nearest approach to success was on 
the 20th ult., when I saw them as early as 9.22 p.m., at which 
time they were visible over the greater part of the sky, but in 
the south-east were not strikingly bright. 

There is one peculiarity with respect to them that I have not 
seen mentioned in NATURE, and that is their motion; on the 
above dates, except the 2oth, I took notice of this, and in every 
instance the motion was from a northerly or easterly direction, 
whereas I have not noticed any ordinary cirrus moving from 
that quarter lately. Last night at from ro to 10.15, when there 
were small patches of these curious clouds, there was also at the 
same time a great deal of ordinary cirrus moving from the west. 
This circumstance appears to indicate that there is quite a 
different current of wind in the upper atmosphere from that 
blowing at the lower elevation of ordinary cirrus. 

I have no hesitation in saying that these extraordinary clouds 
do not shine with their own light, but with the direct light of the 
sun. T. W. BACKHOUSE 

Sunderland, August 2 

Aurora 

THE following is a record of aurora observed on July 27 at 
Ramelton, co. Donegal :— 

9.30 p.m.—From west to east there were occasional pencils 
of reddish lights shooting up, while from east to west there were 
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continuous pencils of yellowish and reddish lights, with inter- 
mittent clouds and columns of reddish light, rising between the 
north-east and north-north-west. The pencils were very steady, 
but increasing and decreasing in length, at times assisted by the 
clouds of red forming a corona at the zenith round the star 
Capella (?), at such times as pencils shot up from the southward, 
on a rude irregular cross. The corona and cross appeared and 
disappeared quite rapidly. The clouds and columns of reddish 
light were succeeded by flashes and pencils of bright silver light, 
they being most frequent and brilliant between the north and 
west, the flashes being sometimes in long narrow wavy clouds 
that rapidly ascended, or narrow sheets that appeared and dis- 
appeared nearly instantaneously. They became more and more 
brilliant, especially to the north-north-west, till the display was 
greatest between 10.30 and 10.45. ; : 

10.45 p.m.—About this hour the continuous pencils of yellow 
and reddish lights between the east and west disappeared with 
the other lights, but about five minutes afterwards, to the north- 
ward, silver pencils and sheets appeared, veering from thence 
gradually towards the north-east and east. Some of the sheets 
hung at times in clouds that formed small ares, that slowly rose 
obliquely, and moving eastward till about 11 o'clock, when all 
the lights disappeared, except that at long intervals faint pencils 
or flashes might shoot up on a small are of silver clouds; 
but at 11.25 there was another brilliant display. First there 
appeared an arch of silver light, its centre being about north- 
north-west, then two arches that began sending up horns and 
pencils of light. The upper arch was a little below the North 
Star, while the lower one went through the Pointers of the Plough ; 
these two arches were succeeded by one at 11.35. The crown of 
the arch was very unsteady, moving from north to north-north- 
west and back again, its shape and the accompanying borns and 
pencils continually changing, the most brilliant and highest 
pencils being those that shot up to the north-westward. This 
display continued more or less brilliant till 11.45, when clouds 
came up and prevented further observations ; but at midnight 
the position of an arch was distinctly defined behind the clouds. 
At I a.m. the clouds had cleared away and no lights were 
vi-ible. The night was not favourable for seeing an aurora, as 
it was very light and clear, yet at times the lights were very 
brilliant. Although the arches were of the same class of silver 
light as those seen from the North Atlantic or the Canadian 
Lakes, yet they were not steady like those, as they were con- 
tinually shifting their positions or disappearing and reappearing. 
During the previous day there was a northerly wind with at 
times intensely cold squalls of misty rain, 

G. H. KINAHAN 

ABOUT [1.15 p.m. July 27, 1886, I observed an incipient 
stage of the aurora borealis, and about <.10 a.m. of the 28th a 
considerable display of auroral colour commenced ; but between 
0.30 a.m. and 1 there was a vivid display of huge auroral sheets 
and columns ; indeed, it did not require much to entitle the 
golden scene to the epithet—magnificent. There was a pris- 
matic arc, not unlike a rainbow, which spanned from the north- 
west to the east, and measured about 70° from its centre to the 
horizon. All under this arc was a flood of white light, which 
the aurora did not in the least degree invade. From this are 
developed a brilliant aurora borealis to a few degrees south of 
the zenith ; and, with other constellations, Cygnus, Lyra, and 
the Northern Crown were overwhelmed in a golden flood. In 
this part of our northern latitude there are at present highly 
favourable conditions for phenomenal refraction of solar light. 
On the morning of the 27th and 28th the earth-shine on the 
moon was very bright, and I have no doubt but that these atmo- 
spheric conditions are also favourable to auroral displays. Every 
vestige of the aurora borealis disappeared about 2.30. 

I do not think that an aurora as early as July is on 
record; in the Culloden meteorological records there is not 
one recorded so early as July from 1841 to 1S8o; indeed 
August is reckoned unusually early for an aurora borealis. 
I recollect a most magnificent one about the beginning of August 
in 1882, in the upper reaches of Lanarkshire; the huge vivid 
sheets and columns reached from the west all along the horizon 
to the east, and up the vault of heaven to the zenith, and with 
their fleet shifting flashes and bursts of prismatic coruscations, 
they lighted up the earth with ineffable glory. 

DoNALD CAMERON 
The Academy, 22, Argyll Street, Paisley, July 28 
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Halos and Mock Suns 

On Tuesday, July 20, about 5.15 p.m., I saw from this neigh- 
bourhood a most remarkable series of halos and parhelia, the 
general appearance of which is represented in the accompanying 
figure. (The parhelia at 120°, Pi and pi’, cannot be represented 

in the figure.) 
As I happened to have a theodolite near at hand, I measured 

the altitudes and azimuths of the parhelia and contact arches, 
and also of two points on the larger halo, with the following 
result :— 

Azimuth : 
by back angle Biome, 

Sun 320° 25 

pe Angular distance 
Parhelia from sun 

pi an 347 25 sae 2 
pii - 293 25 _ 2 
piil te 80 25 120 
piv 200 25 120 

Radius of large halo 
from mean of two 

observations 

Left extremity (A!) ... 285 ae Sis) 62° 20° 
Right extremity (a') ... 353 30 gs ie 29 

The positions of the two parhelia ri piv (or more properly 
speaking, anthelia) at 120° on either side of the sun, exactly 
accord with what is given in the text-books, but the solar longi- 
tude of the parhelia on the primary halo 27°, and the dimen- 
sions of the larger halo 634°, usually given as 46°, are greater 
than those usually recorded. 

The following features were observed :-— 
(1) The parhelion, p# 27°, to the left of the sun, was very 

brightly visible before that on the right appeared at all. 
(2) The parhelic circle appeared to encircle the entire sky, 

and to be everywhere of the same altitude—25°—as that of the 
sun. 

(3) The contact arch, B, at the top of the larger halo, was 
remarkably brilliant, being red on the side adjacent to the sun, 

Contact-arch 
to inner halo 

\ Brilliant 
Blue 4/ Contact Arch 
eZ near the Zenith. 

White — 
Parhelic 
Circle. 

[46] Halo 

and blue on that furthest from it, and appeared to be almost 
exactly at the zenith, thus supporting the somewhat rough 
measurements of the outer halo, which made it considerably 
larger than the traditional 46°. 

(4) The contact arches a' ai were also very brilliant, and the 
space within them as well as that within the inner halo 2% was 
much darker than that outside. 

(5) The colours of the outer halo, H H, were similar to those 
of the inner halo, 44, viz. red inside and blue outside, but 
fainter. 

(6) The parhelia attached to the inner circle p! pii were simi- 
larly red inside and blue outside, while those at 120° were 
perfectly white. 

The whole phenomenon lasted about twenty minutes, and was 
one of the most beautiful sights I ever saw. I was experiment- 
ing with a captive balloon at the time, or should have been able 
to make more detailed observations. I hear that on Monday 
night a deluge of rain of a tropical character fell at Dieppe. The 
cloud which caused these unusual optical phenomena appeared 
to be of the type termed by Poéy globo-cirrus. I shall be 

* Sun's altitude = 25°, radius of halo = 634°, which would make the lower 
extremity of the top contact-arch 88}° above horizon. 

glad to hear if any corroborative measurements were made by 
other observers. E, DouG1LAs ARCHIBALD 

Tunbridge Wells, July 

P.S. No parhelia were visible at the junction of the larger 
halo HH with the parhelic circle. Also there were no signs of 
the rare 90° radius halo, The radius of the inner halo was not 
measured, but as the lateral deviation of the parhelia pi p# from 
the points in which it intersected the parhelic circle for a solar 
altitude of 25° should be about 2° 7’, this would make the radius 
of the inner halo 24° 53’ instead of 22° 30’ as is generally the 
case. 

ON Tuesday afternoon, 20th inst., while sketching near Cran- 
brook, in the Weald of Kent, I saw a magnificent example of 
mock suns and solar rainbow circles. 

Fr. m an early part of the day the sky had been, I think, 
more splendid in its cloud arrangements of cirrcecumulus than 
I have ever seen in this or any other country, though I have al- 
ways been a delighted student of these phenomena. From 10 a m, 
toabout 4 p.m. there was an incessant change of loveliness in the 
forms and po-itions of the clouds and the remarkable perspec- 
tives thereby produced, to the intense admiration of myself and 
wife. But about 4 o’clock one half of the heavens from the 
horizon to the zenith became nearly covered with a thin stratum 
of dark clouds, which resembled more than anythi g else innu- 
merable long bundles of cotton fibre, placed in every possible 
direction. The other half of the sky was of the richest and most 
delicate ultramarine as a background, and the fleecy mare's fail 
and flocks of sheep cloudlets as the subjects. On the dark strata 
of clouds the mock suns made their appearance, the real sun 
shining through the clouds with great intensity. 

The whole phenomenon did not fade out till nearly 6 o'clock. 
As I saw it for some time reflected in a large sheet of water, I 
had good opportunities of studying it. 

The setting of the sun that night was the most gorgeous 
pageant—myriads of golden streamers, in groups, being sent up 
from purple and scarlet clouds. Ropert H. F. Rippon 

Jasper Road, Upper Norwood, July 28 

N.B. The clouds in the vicinity of the sun were slightly 
opalescent.—R. H. F. R. 

A Singular Cese 

ON March 2 last a small fishing-boat engaged in trawling at 
about 20 kilometres from the coast, off Monte Argentaro (Tuscan 
Maremma), captured a specimen of the Mediterranean Red 
Mullet (AZutlus barbatus) tightly incased in a large colony of 
Pyrosoma atlanticum. Vhe head of the fish had reached the 
bottom of the social cylinder, which fitted it toa nicety. The 
Pyrosoma measures 0'112 millimetre in length and 0°032 milli- 
metre at its greatest transverse diameter; the mullet is o'152 
millimetre long, so that only o’040 millimetre of its tail pro- 
jects beyond the tightly-fitting Pyrosoma! ‘The fish was taken 
alive, but how it could have lived in such conditions or how it 
got into its tight jacket is to me most enigmatical. Even ad- 
mitting a certain amount of elasticity in the tight-fitting tube in 
which its head, body, and fins are incased, its movements could 
ouly have been very limited, and a very inc mplete respiration 
and perhaps nutrition might have come to it through the orifices 
of the zooids. 

Young fish, especially Scomberoids, are often found under the 
shelter of Meduse and PAysalia—the case of /ierasfer getting 
in'o the visceral cavity of /Yfo/othuria is well known ; but it is 
the fir-t time I have seen or heard of so singular a case of 
imprisonment as the one related above, and I therefore thought 
it worthy of the attention of the readers of NArurE. The 
specimen is preserved in alcohol in the rich ichthyological series 
of the collectio. of Italian Vertebrata in the Florence Royal 
Zoological Museum. Henry HH. GiGLio.r 

Florence, July 29 

The Weather at Caracas 

THE following notes on the weather at Caracas during the 
remarkable storm from May Ir to 15 may not be void of 
interest :-— 

We had a rather low barometer on May 8 (10a m., 682°93 
mm.; 4 p.m., 681°99 mm.), but then it rose gradually till 
May 18 (685°42 and 68317 mm. respectively), There had 
been no rain in the first twelve days of the month, but from 
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May 13 to 16 there fell 106 mm. rain, about ove-ninth of our 
total yearly quantity ; on the 13th, 26 mm. ; 14th, 27°63; 15th, 
22°4; 16th, 30. These heavy rains were undoubtedly due to 
the northern storm, although they came two days later. 

Caracas, June 29 A. ERNST 

The Indivisibility of Certain Whole Numbers 

ANOTHER exception has been found to Fermat’s assertion 
regarding the indivisibility of whole numbers of the form 

m 
2 + 1 (see several notices in NATURE, vols. xviii. and xix. ). 
The matter now stands as follows :— 

5 

2 +1 divisible by 5:27 + 1 (Euler) 

2 +1 1 1071°28 + 1 (Landry) 

ape I a 7°2!44 1 (Pervouchine) 

ae I ri 5°2°°+ 1 (Pervouchine) 

2 i I An 5299+ 1 (Seelhoff). 

= M. 

A Quadruped Duck 

Ir may interest some readers of NATURE to hear that there is 
at present living in Bardsea a duck which has four feet. The 
two abnormal feet, which are webbed like the others, and of the 
same shape and size, spring from one leg, which is about the 
same length as the normal legs, but rather thicker. This leg 
grows from a point just beneath the tail. Its bone does not 
seem to be directly connected with the other bones of the bird, 
as it can be freely moved in any direction. This duck is more 
than a month old, and is healthy. EDWARD GEOGHEGAN 

Bardsea, August 3 

PHVSIOLOGICAL SELECTION: AN ADDI- 
TIONAL SUGGESTION ON THE ORIGIN OF 
SPECIES 

I. 

HERE are three cardinal difficulties in the way of 
natural selection, considered as a theory of the 

origin of species. 
(1) The difference between species and varieties in 

respect of mutual fertility. Many of our domesticated 
varieties differ from one another to an extent greater than 
that which distinguishes many natural species: yet they 
continue perfectly fertile z7er se, while the natural species 
are nearly always more or less sterile. The difficulty is 
not met by pointing to the fact that sterility between 
natural species is neither absolutely constant nor constantly 
absolute ; for the question still remains, Why are the modi- 
fications of organic types supposed to have been produced 
by natural selection, so generally attended with some more 
or less pronounced degree of mutual sterility, when even 
greater modifications of such types produced by artificial 
selection so generally continue mutually fertile? That 
this question does not admit of any answer by the theory 
of natural selection Mr. Darwin himself acknowledges, 
and therefore suggests a wholly independent hypothesis 
by which to explain the fact. This hypothesis is, that 
varieties occurring under nature “ will have been exposed 
during long periods of time to more uniform conditions 
than have domesticated varieties, and this may well make 
a wide difference in the result.” Now, whatever we may 
think of this hypothesis, it is certainly quite distinct from 
the theory of natural selection ; and, therefore, any one 
who adopts the supplementary hypothesis is, so far, con- 
fessing the inadequacy of that theory, considered as a 
theory of the origin of species. For my own part, I deem 
the hypothesis wholly insufficient to meet the facts. 
When we remember the incalculable number of species, 
living and extinct, we immediately feel the necessity for 

1 Abstract of a Paper read before the Linnean Society on May 6, by 
George J. Romanes, M.A., LL.D., F.R.S. &e. 

some much more general explanation of their existence 
than is furnished by supposing that their mutual sterility, 
which constitutes their most general or constant distinction 
as species, was in every case due to some incidental effect 
produced on the generative system by uniform conditions 
of life. To say nothing of the antecedent improbability 
that in all these millions and millions of cases the repro- 
ductive system should happen to have been affected in 
this peculiar way by the merely negative condition of uni- 
formity, there remains what seems to me the overwhelm- 
ing consideration that, at the time when a variety is first 
forming, the condition of prolonged exposure must neces- 
sarily be absent as regards that variety: yet this is just 
the time when we must suppose that the infertility with 
its parent form arose. Because, if not, the incipient 
variety would have been reabsorbed into its parent form 
by intercrossing. 

(2) For the swamping effects of free intercrossing upon 
an individual variation constitutes the next, and perhaps. 
the most formidable, difficulty with which the theory of 
natural selection is beset. The only answer which Mr. 
Darwin has to make in this case is that a number of in- 
dividuals inhabiting the same area may vary in the same 
way at the same time. Of course, if this assumption were 
granted, there would be an end of the present difficulty ; 
for if a sufficient number of individuals were thus simi- 
larly and simultaneously modified, there need no longer 
be azy danger of the variety being swamped by inter- 
crossing. But the force of the difficulty consists in the 
very fact of this assumption being required to meet it. 
The theory of natural selection trusts to the chapter ot 
accidents in the matter of variation ; and in this chapter 
we read of no reasons why the same beneficial variation 
should arise in a number of individuals simultaneously. 
Moreover, if it does so, the fact of its doing so cannot be 
attributed to natural selection, which thus again fails as a 
theory of the origin of species. Lastly, as will imme- 
diately be shown, a very large proportion, if not the 
majority, of features which serve to distinguish species 
from species, are features presenting no utilitarian signifi- 
cance ; and, therefore, even if it be conceded that they 
each arose in a number of individuals simultaneously, 
their reabsorption by intercrossing could not have been 
in any degree hindered by natural selection. 

(3) The difficulty just alluded to of the inutility to 
species of so large a proportion of specific distinctions, is 
one which Mr. Darwin frankly acknowledges in the later 
editions of his works. In other words, he allows that a 
large proportion of these distinctions resemble the more 
general distinction of sterility in not admitting of any 
explanation by the theory of natural selection. They 
consist of small and trivial differences of form and colour, 
or of meaningless details of structure, which, being of no 
service to the plants or animals presenting them, cannot 
have arisen through the agency of natural selection. If 
it be suggested that all such distinctions are of disguised 
utility, the answer is that to offer this suggestion is to. 
reason in a circle. For the only evidence we have of 
natural selection as an operating cause in any case is 
derived from the utility of the observed results: therefore, 
in cases where utility is apparently absent, we may not 
assume that it must be present only because, if it were 
not present, the results must be due to some cause other 
than natural selection. Observe, the case would be 
different if the great majority of specific distinctions— 
like the great majority of higher distinctions—were of 
obvious utilitarian significance ; for in this case we might 
reasonably set down the exceptions as proof of the rule, 
or hold that they appear to be exceptions only on ac- 
count of our ignorance. But it is certainly too large a 
demand on our faith in natural selection to appeal to the 
argument from ignorance when the facts require that the 
appeal should be made over so very large a proportion of 
instances. But it is needless further to insist upon this 

lO ——— 
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point, since, as I have already observed, its force has been 
fully recognised by Mr. Darwin and his followers. Here 
again, therefore, the theory of natural selection fails as a 
theory of the origin of species.! 

In view of these three grave disabilities under which 
the theory of natural selection lies, I feel entitled to affirm 
that the theory has been misnamed. Natural selection is 
not, properly speaking, a theory of the origin of sfeczes : 
it is a theory of the origin—or rather of the cumulative 
development—of adaptations, whether these be morpho- 
logical, physiological, or psychological ; and whether they 
occur in species only, or likewise in genera, families, 
orders, or classes. These two things are very far from 
being the same; for, on the one hand, in an enormously 
preponderating number of instances, adaptive structures 
are common to numerous species, while, on the other 
hand, the features which serve to distinguish species from 
species are, as we have just seen, by no means invariably 
—or even generally—of any adaptive character. If once 
it is thus clearly perceived that the theory of natural 
selection is not a theory of the origin of species, but a 
theory of the development of adaptive structures—whether 
these happen to be distinctive of species or of higher taxo- 
nomical divisions—if once this is clearly perceived, the 
theory is released from all the difficulties which we have 
been considering. For these difficulties have beset the 
theory only because it has been made to pose as a theory 
of the origin of species, whereas in point of fact it is 
nothing of the kind. In so far as natural selection has 
had anything to do with the genesis of species, its opera- 
tion has been, so to speak, incidental: it has only helped 
in the work of originating species in so faras some among 
the adaptive variations which it has preserved happen to 
have constituted differences of merely specific value. 
Many other such differences there are with which natural 
selection has had nothing to do—particularly the most 
universal of all such differences, or that of mutual sterility 
—while, on the other hand, by far the larger number of 
adaptations which have been the work of natural selection 
are now the common property of genera, families, orders, 
or classes. Let it, therefore, be clearly understood that it 
is the office of natural selection to evolve adaptations : 
not necessarily, or even generally, to originate species. 

Let it also be clearly understood that in thus seeking to 
place the theory of natural selection on its true logical 
footing, I am in no wise detracting from the importance” 
of that theory. On the contrary, I am but seeking to 
release the theory from the difficulties with which it has 
been hitherto illegitimately surrounded. 

Enough has now been said to justify the view that there 
must be some cause or causes other than natural selection 
operating in the evolution of species. And this is no 
more than Mr. Darwin himself has expressly and repeat- 
edly stated to have been his own view of the matter ; nor 
am I aware that any of his followers have thought other- 
wise. Hitherto the only additional causes of any import- 
ance that have been assigned are use and disuse, sexual 
selection, correlated variability, and yet another principle 
which I believe to have been of much more importance 
than any of these. Yet it has attracted so little attention 
as scarcely ever to be noticed by writers on evolution, and 
never even to have received a name. For the sake of 
convenience, therefore, I will call this principle the Pre- 
vention of Intercrossing with Parent Forms, or the 
Evolution of Species by Independent Variation. 

First let us consider how enormous must be the number 
of variations presented by every generation of every 

© Of the three cardinal objections to the theory of natural selection thus 
briefly stated, Mr. Darwin himself appears to have attributed most import- 
ance to the first, seeing that its consideration occupies so large a portion of 
his writings. The objection from intercrossing, on the other hand (which was 
first rendered with much force and clearness by the late Prof. Fleeming 
Jenkin of Ediuburgh, in ananonymous article, North British Review, 1867), | 
is the only difficulty in the way of his theory which Mr. Darwin can fairly 
be said not to have sufficiently treated. The objection from inutility was first 
prominently raised by Bronn. It was afterwards developed by Nageli, Broca, 
Mivart, and many other writers. 
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species. According to the Darwinian theory it is for the 
most part only those variations which happen to have 
been useful that have been preserved: yet, even as thus 
limited, the principle of variability is held able to furnish 
sufficient material out of which to construct the whole 
adaptive morphology of nature. How immense, therefore, 
must be the number of unuseful variations! Yet these are 
all for the most part still-born, or allowed to die out imme- 
diately by intercrossing. Should such intercrossing be pre- 
vented, however, there is no reason why unuseful variations 
should not be perpetuated by heredity quite as well as useful 
ones when under the nursing influence of natural selection 

as, indeed, we see to be the case in our domesticated 
productions. Consequently, if from any reason a section 
of a species is prevented from intercrossing with the rest 
of its species, we might expect that new varieties (for the 
most part of a trivial and unuseful kind) should arise 
within that section, and that in time these varieties should 
pass into new species. And this is exactly what we do 
find. Oceanic islands, for example, are well known to be 
extraordinarily rich in peculiar species ; and this can best 
be explained by considering that a complete separation of 
the fauna and flora of such an island permits them to 
develop independent histories of their own, without inter- 
ference by intercrossing with their originally parent forms. 
We see the same principle exemplified by the influence of 
geographical barriers of any kind, and also by the 
consequences of migration. When a species begins to 
disperse in different directions from its original home, 
those members of it which constitute the vanguard of 
each advancing army are much more likely to perpetuate 
any individual variations that may arise among them 
than are the menbers which still occupy the original 
home. For not only is the population much less dense 
on the outskirts of the area occupied by the advanced 
guard ; but beyond these outskirts there lies a wholly un- 
occupied territory, upon which the new variety may gain 
a footing during the progress of its further migration. 
Thus, instead of being met on all sides by the swamping 
effects of intercrossing with its parent form, the new 
variety is now free to perpetuate itself with comparatively 
little risk of any such immediate extinction. And, in the 
result, wherever we meet with a chain of nearly allied 
specific forms so distributed as to be suggestive of migra- 
tion with continuous modification, the points of specific 
difference are trivial or non-utilitarian in character. 
Clearly this general fact is in itself enough to prove that, 
given an absence of overwhelming intercrossing, indepen- 
dent. variability may be trusted to evolve new species. 
The evidence which I have collected, and am collecting, 
of the general fact in question, must be left to constitute 
the subject of a future paper.t 

Were it not for the very general occurrence of some 
degree of sterility between even closely allied species, and 
were it not also for the fact that closely allied species are 
not always separated from one another by geographical 
barriers, one might reasonably be disposed to attribute all 
cases of species-formation by independent variability to 
the prevention of intercrossing by geographical barriers, 
or by migration. But it is evident that these two facts 
can no more be explained by the influence of geographical 
barriers or by migration than they can by the influence 
of natural selection. The object of the present paper is 
to suggest an additional factor in the formation of specific 
types by independent variability, and one which appears 
to me fully competent to explain both the general facts 
just mentioned. 

t So far as I am aware, the first writer who insisted on the importance of 
the prevention of intercrossing in the evolution of species, both by isolation 
and migration, was Moritz Wagner. Since then Wallace, Weismann, and 
others have recognised this factor. The most recent contribution to the 
subject is an admirable collection of facts published by Mr, Charles Dixon in 
a work entitled, ‘‘ Evolution without Natural Selection,’’ which was recently 
reviewed in thesecolumns. But I cannot find that any of these writers allude 
to the principle which it is the object of the present paper to enunciate, and 
which is explained in the succeeding paragraphs. 
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Of all parts of those variable objects which we call 
organisms, the most variable is the reproductive system ; 
and the variations may be either in the direction of in- 
creased or of diminished fertility. Having, regard, there- 
fore, to all the delicate, complex, and for the most part 
hidden conditions which determine this double kind of 
variation within the limits of the reproductive system, 
there can be no difficulty in granting that variations in 
the way of greater or less sterility must frequently occur 
both in plants and animals ina state of nature. Probably, 
indeed, if we had the means of observing this point, we 
should find that there is no one variation more common. 
But, of course, whenever it arises—whether as a result of 
changed conditions of life, or, as we say, spontaneously— 
it immediately becomes extinguished, seeing that the in- 
dividuals which it affects are less able (if able at all) to 
propagate the variation. But now, if the variation should 
be such that, while showing some degree of sterility with 
the parent form, it continues to be perfectly fertile within 
the limits of the varietal form, in this case the variation 
would neither be swamped by intercrossing, nor would it 
die out on account of sterility. On the contrary, this 
particular variation would be perpetuated with more 
certainty than any other variation, whether useful or un- 
useful. An illustration will serve to render this more clear. 

Suppose the variation in the reproductive system is 
such that the season of flowering or of pairing becomes 
either advanced or retarded. Whether this variation be, as 
we say, spontaneous, or due to any change of food, climate, 
habitat, &c., does not signify. The only point we need 
here attend to is that some individuals, living on the same 
geographical area as the rest of their species, have varied 
in their reproductive systems so that they are perfectly 
fertile zzfer se, while absolutely sterile with all other 
members of their species. By inheritance there would 
thus arise a variety living on the same geographical area 

with that form by a barrier quite as effectual as a thousand 
miles of ocean: the only difference is that the barrier, 
instead of being geographical, is physiological 

From this illustration I hope it will be obvious that 
wherever any variation in the highly variable reproduc- 
tive system occurs, tending to sterility with the parent 
form without impairing fertility with the varietal form— 
no matter whether this be due, as here supposed, to a 
slight change in the season of reproductive activity, or to 
any other cause—there the physiological barrier in question 
must interpose, with the result of dividing the species into 
two parts. And it will be further evident that when such 
a division is effected, the same conditions are furnished to 
the origination of new species as are furnished to any 
part of a species when separated from the rest by geo- 
graphical barriers or by migration. For now the two 
sections of the species, even though they be living on the 
same area, are free to develop distinct histories without 
mutual intercrossing, or, as I have phrased it, by in- 
dependent variation. 

To state this suggestion inanother form. It enables us 
to regard many, if not most, natural species as the records 
of variation in the reproductive systems of ancestors. 
When accidental variations of a non-useful kind occur in 
any of the other systems or parts of organisms, they are, 
as a rule, immediately extinguished by intercrossing. But 
whenever they happen to arise in the reproductive system 
in the way here suggested, they must inevitably tend to 
be preserved as new natural varieties, or incipient species. 
At first the difference would only be in respect of the re- 
productive system ; but eventually, on account of inde- 
pendent variation, other differences would supervene, and 
the new variety would take rank as a true species. 

The principle thus briefly sketched in some respects 
resembles, and in other respects differs from, the principle 
of natural selection. or survival of the fittest, as I will 
show later on. For the sake of convenience, therefore, 
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and in order to preserve analogies with already existing 
terms, I will call this principle Physiologica] Selection, or 
Segregation of the Fit. 

Before proceeding to state the evidence of the particular 
kind of variation on which this principle depends, let it 
be noted that we are not concerned either with its 
causes or its degrees. Not with its causes, because in 
this respect the theory of physiological selection is 
in just the same position as that of natural selection: 
it is enough for both that the needful variations are pro- 
vided, without its being incumbent on either to explain the 
causes which underlie them. Neither are we concerned 
with the degrees of sterility which the variation in question 
may in any particular case supply. For whether the 
degree of sterility with the parent form be originally 
great or small, the result of it will in the long run be the 
same: the only difference will be that in the latter case a 
greater number of generations would be required in order 
to separate the varietal from the parent form. 

(To be continued.) 

TROPICAL FRUITS? 
"ae present Colonial and Indian Exhibition has deve- 

loped interest in tropical fruits to an extent not pre- 
viously known in England; and whatever may be the indi- 
vidual merits of many of the fruits displayed in the colonial 
market attached to the Exhibition, no one can deny that 
they afford proof of numerous undeveloped resources of 
our colonial possessions in a direction hitherto very much 
undervalued or entirely overlooked. Sir Joseph Hooker, 
in one of his journals, has remarked that “ most tropical 
fruits are edible, but few are worth eating.” But, after 
all, the merits of many fruits like those of certain wines 
are only properly appreciated under a concourse of local 

In 
the tropics the desire for refreshment and for something 
cooling and piquant is met by a fruit which, at the 
moment,completely answers the purpose. Transferred to a 
cooler climate, the same fruit may be entirely out of place, 
and indeed may be condemned as valueless. As a case 
in point, the water of a young cocoa-nut, when clear and 
fresh, taken from the fruit after a long ride in the sun, is 
most refreshing and wholesome. The same thing tried 

| in the climate of England, and with fruit imported from 
the tropics, would be nauseous and wholly unpalatable. 
Similar remarks would apply to the fruit of the mango- 
steen, the durian, and many others where it is necessary 
that the fruit should be eaten when just ripe, and where 
a long journey affects the quality and impairs the delicacy 
—hboth being of an evanescent character. 

Again, it is necessary to bear in mind how to use 
certain tropical fruits in order to appreciate them to the 
best advantage. Owing to the loose manner in which 
tropical fruits are termed, apples, plums, pears, peaches, 
&c., when they are neither botanically nor intrinsically 
anything of the sort, there has arisen considerable 
confusion respecting them. Again, many tropical fruits 
are suitable only for salads or curries, and should not 
appear at the dessert table at all. Others are better 
when preserved or cooked, and they are then both whole- 
some and well adapted to the wants of the country. 
There is no good pear (Pyrus communis, L.), as known in 
England, grown in the tropics, yet we have the name 
applied to the Alligator or Avocado pear (Persea gra- 

tissima, Gart), the anchovy pear (Grias caulifiora, L.), 

the prickly pear (Opuntia ficus-indica, Webb), and the 

wooden pear of Australia (Xy/omelum pyrtforme, Knight). 

Again, the English apple, although grown in the hills in 

the tropics, is practically of little value, but the name is 

| as loosely applied as in the case of the pear, and hence 

fruits as widely apart as the poles in their botanical classi- 

t-Lecture given in the Conference Hall, Colonial Exhibition. Revised by 

the Author. 
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fication are grouped together under the general term of 
apple. To select a few out of many such names, we have 
the sugar or custard apple (Azova reticulata, L.), the Kei 
apple (Aderia caffra, H. and S.), the Mammee apple 
(Wammea americana, L.), the star apple (Chrysophyllum 
Catnito, L.), the rose apple (Eugenza [ambos, L.), and the 
golden apple (Sfondzas lutea, L.). In plums there are the 
Caffre plum (Harfephyllum caffrum, Bernh.), the coco 
plum (Chrysobalanus icaco, L.), the hog plum (Sfoxdias 
mangifera, Pers.), the Chinese date plum (Dzospyros 
kaki, Lin. fil.), the blood plum (Hematostaphis Bartert, 
H. K.), and the gray plum of Sierra Leone (Pavinarium 
excelsum, Sabine) ; and so with the gooseberry, essentially 
a cold temperate fruit, English colonists have applied the 
name to such widely-diverging fruits as those of Physalzs 
Peruviana, L. (Cape gooseberry), Pezvescia aculeata, Mill 
(Barbados gooseberry), and Czcca drsticha, L. (Otaheite 
gooseberry). 

The so-called Nuts of the Tropics are in a worse state 
of confusion as regards the common names, and hence it 
by no means follows that what are imported as nuts 
belong at all to that category of fruits. The most familiar 
of tropical nuts is the cocoa-nut (Cocos nucifera, L.),a 
true nut; but the Para or Brazil nut (Bertholetia excelsa, 
H. B.) is simply the seed, not nut, which is inclosed in a 
large globular fruit, almost as large as a 36-pound cannon- 
ball ; exactly the same occurs in the case of the Sapucajo 
nut (Lecythis Zabucajo, Aub.) as well as in the best of 
these so-called tropical nuts, viz. the souari or butter-nut 
of British Guiana (Caryocar nuctferum, L.). The cashew 
nut (Azacardium occidentale, L.) is a fruit borne upon 
a swollen pear-like peduncle, and presents one of the 
most remarkable instances of growth met in the tropics. 
The fruit when roasted is esteemed at dessert, and passes 
in India under the name of “promotion nut.’ The 
Jamaica walnut (Aleurites moluccana, Willd) is the 
seed of an Euphorbiad, as also the cob-nut (Omphalea 
triandra, L.). 

From the above remarks it will be noticed from what 
various sources, and from what a diversified range of 
plants tropical fruits are derived. Also that little depend- 
ence can be placed on the common English names 
applied to these fruits. Where obtainable little objec- 
tion can, however, be made against adopting the native 
or aboriginal names of tropical fruits, as in many cases 
they are sufficiently distinct, and at the same time are asso- 
ciated with circumstances of a local character, which 
render the name of permanent value. On this account a 
native or aboriginal name is quite as good, locally, as the 
scientific name; but of course it loses its value outside 
its own country. We have incorporated the aboriginal 
name in the case of the pine-apple (Axanas sativa, L.), 
and many instances of a similar character are found in 
the nomenclature of Indian and Chinese fruits. 

Although not strictly speaking a tropical fruit, the 
orange is found in both the eastern and western tropics, 
and it is the best known of any foreign fruit. Large 
increase has occurred in the importation of this fruit to 
England within the last few years, and the present con- 
sumption is at the rate of 43 million bushels per annum, 
or equal to a consumption of sixteen oranges per head of 
population. Of fruits belonging to the same natural 
order as the orange there are the lemon (C2¢rus medica, 
var. Limonum, Brand), not largely grown in the tropics ; 
the shaddock, or pumelo (C7trus decumana, L.), a fruit 
often 24 inches in circumference; the citron (C7trus 
medica, Riss.), chiefly used for “ candied peel ;” and the 
lime (Cz¢rus medica, var. actda, Brand), which is chiefly 
known as the West India lime, and largely grown for 
making lime juice, raw and concentrated, for the manu- 
facture of citric acid. This West Indian lime should 
take the entire place of the lemon in the English market, 
and when used in cooking gives a most piquant and 
refreshing flavour, not obtainable from any other source. 

The banana generally found in the English market is 
the dwarf Chinese fruit (Zsa Cavendishiz, Paxt.). This 
is smaller and not so good as the true banana (d/usa 
sapientum, L.), of which there are numerous varieties. 
The banana chiefly grown for export purposes in the West 
Indies is called the Martinique banana, a large yellow 
fruit about 6 to 8 inches long. The Cuban banana is a 
red-skinned variety, much coarser than the Martinique 
fruit, and only eaten when very “ full,” or in the ripe state 
of an English medlar. A variety of the banana with 
short thick fruits of very choice quality is called the fig 
banana, and this is esteemed as the best of the family, 
and consumed locally. The plantain (A7usa paradisiaca, 
L.), is practically the tropical potato, and is used roasted, 
boiled, or fried, exactly as we use potatoes in England. 
At the present time the consumption of bananas in the 
United Kingdom is comparatively small. Some of the 
steamers trading with the West Indies are, however, being 
fitted with refrigerating chambers for carrying tropical 
fruit, and the banana should soon become as plentiful 
and as cheap as the orange. It has the merit of being 
wholesome and nutritious, and is suitable for invalids and 
young children as well as for dessert purposes. 

The pine-apple we have already noticed. This is a 
deliciously refreshing fruit with healthful juices, and the 
demand for it isincreasing daily. Hitherto, foreign pine- 
apples, which are gradually driving the home-grown fruit 
out of the market, are obtained in large quantities from 
the Azores. The further supply will no doubt come from 
the West Indies, where pine-apples can be grown in the 
open air as readily and as cheaply as the English farmer 
can grow beets or turnips. Unfortunately the choice 
varieties of pine-apples possess, as the growers say, 
“bad keeping” qualities; but with increased facilities 
for packing and stowing the fruit, there should be no diffi- 
culties of an insurmountable character in the way of 
bringing over pine-apples from the West Indies in excel- 
lent condition. At the colonial market attached to the 
Colonial and Indian Exhibition pine-apples from Antigua 
are sold at sixpence each, and we find from the Blue Book 
Report that the Bahamas export annually, either in a 
fresh or canned state, pine-apples to the value of 
50,0907. annually. The mango (Wangtfera indica, L.) is 
the apple of the tropics, and the mango tree is grown and 
occupies orchards as do apple-trees in England. Although 
an East Indian tree, it has become thoroughly naturalised 
in the west, where it spreads by self-sown seedlings over 
all waste places. Its introduction into Jamaica is thus 
described by Lunan (“ Hortus Jamaicensis,” 1814, p. 486) :— 
“This beautiful tree was one of those brought to this 
island in June 1782, and taken in a French ship, bound 
for Hispaniola, by Capt. Marshall, of His Majesty’s ship 
Flora, one of Lord Rodney’s squadron. Capt. Rodney, 
with the approbation of Lord Rodney, deposited the mango 
plants and a great many others taken in the same vessel 
in Mr. East’s garden (at Gordon Town), where they were 
cultivated with great assiduity and success, and have 
now become one of the commonest fruit-trees in Jamaica, 
in a great number of its varieties.” As the mango ripens in 
July and August, and would come into the English market 
at a time when our own fruits are plentiful, it is possible 
it will not be greatly in demand. The best varieties are 
the Bombay sorts, while in Jamaica one of the plants 
deposited by Lord Rodney and having a number only, is 
is still known there and highly esteemed as “ No. 11.” 

The passion fruits, of which there are several species, 
are highly prized. Of these there are the granadilla 
(Passiflora quadrangularis, L.), the pomme d'or, or 
water lemon (P. /aurifolia, L_), the sweet cup (P. edulis, 
L.), and the calabash sweet-cup (P. malzformiis, L.). 

From the East Indies few if any fruits can be im- 
ported to England with success. In fact Ceylon and 
India have very few fruits which they can easily spare 
capable of bearing a long sea voyage, and the choice 
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fruits of Singapore and the Malay States are still further 
removed by time and distance. 

At the Exhibition there is shown, from India,a small 
dried apricot (Prunus armentaca, L.), an important 
article of food in the Punjaub Himalayas.and in the 
North-west Provinces, which deserves attention as a 
probable source of an import trade for the English 
market. This fruit is known in India as the mish-mush, 
or ‘Moon of the Faithful.” Dr. Watt remarks that it is 
largely eaten by all classes, fresh or dried, but chiefly 
fresh, and sometimes in preserve by Europeans. Some- 
times the apricots are pressed together, and rolled out 
into thin sheets or “ moons,” 2 or 3 feet in diameter, like 
a blacksmith’s apron. From Afghanistan large quanti- 
ties of the dried fruit are imported into India, and distri- 
buted by trade far into the plains of Bengal. 
Kew D. Morris 

MICROSCOPIC ORGANISMS IN AIR AND 
WATER} 

qs Report is part of the “ Annuaire de l’Observa- 
toire de Montsouris” for the year 1885, and is 

worthy of careful study at the present time, when bac- 
teriology is recognised as a special and important 
department of science. These investigations have been 
carried on at Montsouris since the year 1875, and through 
them Dr. Miquel has been enabled to throw much light 
on the meteorological aspect of the subject—an aspect 
that has received but little attention from investigators, as 
compared with the pathological. Every one will ac- 
knowledge that in entering upon a new field in scientific 
investigation it is extremely important that the line of 
research should proceed upon as broad a basis as possible, 
and that the work of experimentation and observation 
should not be confined to one aspect of the new study, 
however important it may be. Fallacies are sure to arise 
when any department of science is too narrowly special- 
ised, from want ot that more general knowledge which 
would prevent the adoption of erroneous views. This is 
especially liable to be the case in bacteriology, in which 
the objects of study are so minute and yet so widely dis- 
tributed in nature. Dr. Miquel’s researches—important 
as they are in themselves—are doubly welcome at the 
present time, as tending to popularise a field in which 
workers are urgently needed, as well as contributing 
largely to our knowledge. The example of Paris—the 
only city in which systematic investigations of the sort 
are now undertaken—should stimulate other towns which 
possess properly equipped meteorological laboratories, to 
conduct observations on the bacterial organisms contained 
in air, rain, and soil. The results obtained at Montsouris 
could then be confirmed or confuted by the results ob- 
tained at other laboratories under widely different climatic 
and meteorological conditions, and the enunciation of 
general laws and principles would in time become pos- 
sible. We shall endeavour to place before our readers 
in this article some of the more important results and 
deductions made from them by Dr. Miquel, from the 
observations at Montsouris ; but it should be distinctly 
recognised that any conclusions arrived at by Dr. Miquel 
are applicable only to Paris and its neighbourhood, and 
cannot at present be accepted as true for other places 
where the climatic conditions are different. 

Tables are given in the Report, showing for each week 
of the years 1883-84 (a) the average number of bacterial 
micro-organisms present in a cubic metre of air, (4) the 
average barometrical pressure, (c) the average tempera- 
ture of the air, (¢) the average state of humidity of the 
air [percentage of saturation], (e) the amount of rainfall, 
(Ff) the electrical state of the air, (g) the direction and 

7 “‘Septitme Mémoire sur les Organismes Microscopiques de |’Air et des 
Eaux,” par M. le Dr. Miquel, Chef du Service Micrographique a I’Observa- 
toire de Montsouris. 
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average velocity of the wind, (#) the average amount of 
ozone present in the air. From the observations recorded 
in these tables, Dr. Miquel has arrived at the following 
conclusions :—(1) An increase in the number of bacterial 
organisms contained in a cubic metre of air generally 
takes place when the barometrical pressure is high: this 
rule is not absolute, but the exceptions are rare. (2) 
Temperature does not cause such sudden increments ; 
very often, it is true, a large increase in the number ot 
microbes present in the air takes place in summer, but 
it is important to note that a sustained high tem- 
perature causes a manifest lessening in their number. 
The thermometer is capable of explaining certain 
seasonal variations, but not the weekly variations. 
(3) The maximum number of bacterial organisms 
present in the air corresponds almost always with a low 
hygrometric condition of the atmosphere; this is ex- 
plained by the fact that the degree of humidity is always 
very high during rain, and when the superficial layers of 
the soil are soaked in water, periods during which the air 
is always very poor in bacteria. (4) It would appear a@ 
prior? that the number of bacteria should increase with 
the strength of the wind, but observation negatives this 
assumption. A maximum number of microbes is found 
frequently during periods of calm—when the velocity of 
the wind is only 5-10 kilometres per hour—and minima 
have been observed during periods when the velocity of 
the wind was more than 30 kilometres per hour. (5) The 
direction of the wind exercises a considerable influence at 
Montsouris. The greatest number of maxima are noted 
when the wind is N.E., and the greatest number of 
minima when the wind is S.W. (6) When the amount of 
ozone in the air is large, the number of microbes present 
is small. The north winds blow over from Paris and 
contain but little ozone. They are rich in microbes. The 
presence of ozone in the air appears to have the power of 
destroying bacterial organisms, and, on the contrary, 
absence of ozone and humidity of the air—unless rain is 
fallng—allow of an increase taking place in their 
number. 

From observations at Montsouris, extending over a 
period of five years—1880-84—the average number of 
bacterial organisms in a cubic metre of air is stated to 
be: in winter 260, in spring 495, in summer 650, in 
autumn 380; the mean annual number being 445. In 
February the air is poorest in bacteria [the average of 
these five years is 165]. “fowards the middle of summer 
the maxima present themselves [July 700]. 

Observations have also been conducted for a period of 
four years—1881-84—on the state of the air, as regards 
bacteria, in the centre of Paris. These observations were 
made on the air of the Rue de Rivoli, and afford a 
marked contrast in the number of micro-organisms to the 
far purer air of Montsouris, a suburb of Paris, and where, 
it is important to remember, the Observatory is situated 
in the centre of a park. The average of these four years’ 
observations shows that the air of the Rue de Rivoli con- 
tains 3480 bacteria per cubic metre. The seasonal 
fluctuations are nearly the same as at Montsouris, the’ 
minimum being in February (1700) and the maximum in 
July (5010). The average number of bacteria present in a 
cubic metre of air, for the year 1881, was 6295, whilst the 
average number for 1884 was only 1830. This enormous 
decrease—which is observed in the intervening years to 
a slighter extent—is attributed by Dr. Miquel to the better 
drainage and scavenging of the city, and to the better 
cleansing of the gutters and watering of the streets in dry 
dusty weather, in 1884 than in 1881. The death-rate 
from zymotic diseases--in which are included typhoid 
fever, small-pox, measles, scarlatina, whooping-cough, 
diphtheria, dysentery, erysipelas, puerperal fevers, and 
choleraic diarrhcea of infants—has also fallen very con- 
siderably—27 per cent., if increase of population is taken 
into account—during this period. The death-rate of 

ee 
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phthisis or consumptive diseases has, however, increased 
during the same period, although those of acute bronch- 
itis and pneumonia have decreased. Acute pneumonia 
is now considered by many to be propagated by infection 
from specific organisms occasionally present in the air. 
The curves for the year 1883-84, representing the average 
weekly number of bacteria present in a cubic metre of the 
air of the Rue de Rivoli, A, and the weekly deaths from 
zymotic disease, B, are shown in Fig. 1. The curves are 
seen to present somewhat similar fluctuations except at 
the end of July and the first half of August, when the 
number of bacteria suddenly decrease—owing to the hot 
weather and sustained high temperature—whilst the 
deaths from zymotic disease undergo a large increase, 
owing to excessive mortality from infantile diarrhoea. The 
variations in the number fof bacteria from week to week 
will be seen to be very much larger and more sudden 
than the variations in the zymotic death-rate. Very little 
can be deduced from comparisons extending over one 
year only, and although we are far from asserting that 
there can be no mutual relation between the number of 
micro-organisms present in the air, and the greater or less 
prevalence of epidemic disease among the community 
who breathe such air, still it is unsafe to found any argu- 
ments on such obviously inadequate data. It is only just 
to Dr. Miquel to say here that he recognises these diffi- 

air of the higher mountains an average of only 1 bac- 
terium per cubic metre (Freudenreich). 

A considerable part of the Report is taken up with an 
account of researches conducted by M. Moreau into the 
number of organisms present in sea-air. These investi- 
gations—undertaken under circumstances of consider- 
able difficulty on board ship, and conducted on an 
elaborate scale—are of much interest as bearing on the 
treatment of phthisis by high mountain altitudes or by 
sea voyages—in both cases the special object desired 
being to place the patient in an atmosphere free from all 
impurities. We will quote a few of M. Moreau’s conclu- 
sions on this subject :—(1) Air taken on the coast, when 
the wind is blowing off the sea from a direction in which 
land is at a great distance, is in a state of almost perfect 
purity. (2) In the neighbourhood of continents, winds 
blowing from the land always bring an impure atmo- 
sphere ; at 100 kilometres from the coast this impurity 
has disappeared. (3) During moderate weather the sea 
does not yield to the air any of its contained bacteria ; 
during rough and stormy weather sea-air is charged with 
a minute quantity of bacteria. (4) The air of ships’ 
cabins is also charged with a number of microbes in- 
comparably greater than that of the open air at sea, but 
the purity of the air of these cabins increases rapidly 
during the first days of the voyage; later on, an equili- 
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culties, and is rightly cautious in drawing any conclu- 
sions except such as are founded upon an extended series 
of observations. 

At the commencement of June 1884, Dr. Miquel, who 
was then in London, made some observations on the 
number of bacteria contained in the air of Ryder Street, 
St. James’s, A cubic metre of this air was found to con- 
tain only 240 organisms, but this low result was probably 
due to the wet weather which prevailed on four out of 
the five days on which the experiments were conducted 
—the air being remarkably free from dust. In Paris at 
the same time the air of the Rue de Rivoli contained 360 
organisms per cubic metre. Dr. Miquel would not, how- 
ever, be surprised to find that the air of London was 
habitually fairly pure and free from organisms, owing to 
the proximity of the sea, and the fact that the houses of 
London being generally of no great height—unlike Paris— 
the streets are continually being swept by currents of air. 
The air of sleeping-apartments is very impure as regards 
the number of contained micro-organisms. One such 
room in Paris was found to contain on the average in the 
winter and spring of 1882, 73,540 bacteria per cubic 
metre, and the air of the Hdépital de la Pitié has been 
observed to contain 79,000 bacteria per cubic metre. In 
contra-distinction to these large numbers, the air over 
the Atlantic Ocean (Moreau and Miquel) has been found 
to contain from o to 6 bacteria per cubic metre, and the 
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brium appears to be established, depending on the amount 
of purification of the air by ventilation and the number 
of occupants. (5) The air of ships’ cabins is relatively 
very poor in bacteria; these probably are one hundred 
times less in number than the air of an occupied room in 
Paris. 

Observations have been made at Montsouris on the 
hourly variations in the number of bacteria contained in 
a cubic metre of air. These observations go to show 
that, contrary to the generally held opinion, the air is less 
pure—7.e. contains larger numbers of bacterla—during the 
morning and evening than at midday. In Fig. 2 are 
shown curves corresponding to proportional figures which 
illustrate this phenomenon, as ascertained by forty ex- 
periments. A is the bacterial curve, T is the curve repre- 
senting the temperature, and Vv is the velocity of the wind. 
The lowest point of the bacterial curve is between noon 
and 1 p.m., two hours before the maximum temperature 
is reached. From $ o’clock in the evening until midnight 
the number of microbes generally remains high, but de- 
creases rapidly from midnight to 3 a.m., two or three 
hours before the lowest temperature is reached, and rises 
rapidly from 4 a.m.—when the ground and vegetation are 
covered with dew—until 6 am., when the maximum is 
reached. These night observations, however, are too 
few in number to be depended upon to give a very correct 
average. Rain, as has been before remarked, rapidly 
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purifies the air. But when the rain first commences to 

fall, the number of bacteria increases. This Dr. Miquel 
explains by supposing that many of the first drops of rain 
evaporate—the atmosphere not being saturated with 
vapour—and deliver up the bacteria they hold to the air 
in the neighbourhood of the earth. Later on the air is 
saturated with vapour, and the bacteria floating in it are 
carried down to the ground in the drops of rain, and by 
this means the air is purified. 

Investigation of the organisms contained in rain show 
that the rain which first falls in a shower and that which 
falls after a period of dry-weather contain far larger 
numbers of bacteria than that which falls at any other 
times. Under such circumstances 200,000 microbes per 
litre is not an unusual quantity. The rain which falls 
during the warm months of the year—in summer and 
autumn—contains more microbes than that which falls in 
winter and spring. During the year 1883-84 the lowest 
monthly average was 1000 per litre in November, and the 
highest 6980 per litre in September. As the rain derives 
its organisins from the air which it purifies in its descent, 
we should expect the seasonal variations in the number 
of contained organisms in air and rain to correspond 
closely—as in fact they do. It is important to note that 
the organisms exist in the rain to a larger extent in the 
form of germs than in the adult state. Of 100 bacteri- 
form organisms found in rain, on an average 60 are 
micrococci, 25 bacilli, and 15 true bacteria. But the 
numbers here given are subject to great variation in 
different falls of rain: the bacilli may be more numerous 
than the micrococci, the true bacteria being almost 
always fewest in number. Dr. Miquel calculates that 
during a year at Montsouris 4,000,000 of bacteria are 
carried down in the rain to each square metre of surface. 
This number, though not probably representing anything 
like the real figure, demonstrates that rain is a powerful 
agent in diffusing aérial bacteria and fungi. We have 
yet much to learn as to the part these organisms undoubt- 
edly play when diffused into the soil, in altering or re- 
arranging its component parts or constituents so as to 
render it more fit for sustaining vegetable life and 
growth. 

The methods and apparatus employed by Dr. Miquel 
in his researches are very fully explained, and contrasted 
with other methods—especially those employed by Dr. 
Koch and other German observers—in terms that are 
not exactly those which a strict regard for international 
courtesy would dictate. It is somewhat of a reproach to 
bacteriologists that their leading authorities in all 
countries appear unable to keep clear of controversies 
which are conducted with an acrimony and animus more 
instructive than seemly. International jealousy would 
appear to lie at the root of much of this evil, and is 
plainly discernible in the writings of some of the ablest 
masters of the science. 

THE RECENT VOLCANIC ERUPTION IN 
NEW ZEALAND 

NTIL the report of a trained geologist has been re- 
ceived we must be content with the narratives, often 

conflicting, of the surveyors and of the Press corre- 
spondents who hurried to the scene of the great 
catastrophe that has recently devastated the wonderland 
of New Zealand. In the meantime, however, it is possible 
from the various accounts to trace the leading features of 
the eruption, and to note their resemblance to those of 
other recorded volcanic outbursts. It is impossible not 
to be struck with the analogy between the phenomena 
exhibited last June in New Zealand and those that 
accompanied the great Vesuvian eruption in the first 
century of our era. In both instances a mountain which 
had never been known to be an active volcano suddenly 
exploded with terrific violence, filling the air with ashes 

and stones. At each locality there were the premonitory 
earthquakes, the thick black pall of volcanic cloud hang- 
ing over the mountain, the descent of dust, sand, and hot 
stones, the discharge of mud, with, so far as known, no 
outflow of lava, and the overwhelming of an inhabited 
district under a deep covering of loose volcanic debris. 

In a region so subject to earthquake shocks as that 
which crosses the centre of the North Island of New 
Zealand in a north-east and south-west direction, it was 
natural that no special attention should have been given 
to any greater frequency or violence of the shocks before 
the date of this volcanic eruption. But no doubt facts 
bearing on this subject have been noted by local ob- 
servers and will in due course be published. From the 
newspaper accounts, indeed, there would appear to have 
been various precursory indications which in the light of 
subsequent events may not have been without import- 
ance. It is said, for instance, that the extinct volcano 
Ruapehu, the highest peak in the North Island, which 
since the discovery of New Zealand has never been known 
to manifest any activity, began to steam at the top some 
three weeks before the eruption. A fortnight previous to 
the catastrophe a wave 3 feet high suddenly arose on the 
Lake Tarawera, lying at the foot of the mountain of the 
same name, and in the very focus of the subsequent dis- 
turbance, and washed the boats out of the boat-houses. 
Doubtless there were other premonitory symptoms, be- 
sides earthquake activity, of the approaching event, 
though only a few days before their destruction, the 
famous White and Pink Terraces were visited by a party 
of tourists who observed no unusual vigour in the hot 
springs there, nor any indication whatever that these 
fairy-like deposits were so soon to be the theatre of violent 
volcanic energy. 

About half an hour after midnight on the morning of 
June Io the earthquake shocks that are familiar to the 
inhabitants of the Lake District assumed an altogether 
unusual vigour and frequency. At the settlement of 
Wairoa, which is about five miles from the warm lake 
and sinter terraces of Rotomahana, the ground shook 
violently for an hour or more, the more powerful shocks 
following each other at intervals of about ten minutes. 
The alarmed inhabitants, startled from sleep, ran out of 
their houses or clung to each other inside for mutual 
assistance and encouragement. At last, a few minutes 
after 2 a.m., a shock of exceptional severity was followed 
by a deafening roar, and suddenly what is described as a 
“pillar of fire” rose up from the crest of the mountain 

| range some five or six miles eastward on the opposite side 
of Lake Tarawera. The top of Mount Tarawera (about 
2000 feet high) had been blown into the air, leaving a 
huge chasm on the flank of the mountain. The glow of 
the white-hot lava in the interior ruddied the sky for miles 
around. Thousands of blocks of glowing lava described 
as ‘‘fire-balls” were shot into the air. The canopy of 
dark ashes that soon gathered over the mountain and 
spread out for miles around became the theatre of a 
violent electrical storm. It seemed to be torn asunder 

| with incessant flashes of lightning, and the continuous 
peals of thunder, mingling with the bellowing of the vol- 
cano, increased the terror of the night. 

That an eruption should ever take place from the three 
| huge truncated cones that frown over Lake Tarawera was 
not regarded by geologists as a future probability. They 
had been extinct even from the times of early Maori 
tradition. To their solitary and mysterious summits the 
natives had probably for centuries been accustomed to 
carry their dead. The bones of many successive genera- 
tions lay bleaching on that high lonely plateau, which had 
thus come to possess a peculiar sanctity in the eyes of the 
Maoris, who would not willingly allow a white man to 
approach it. Not only were these great cones to all 
appearance extinct, but the volcanic action of the whole 
district was of that type of waning energy which geolo- 
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gists have called the “ solfatara stage.” New geysers 
might break out, rivalling or even surpassing those 
already active in the district, and the orifices of eruption 
might shift from place to place, involving considerable 
local disturbance in their transference ; but no one antici- 
pated that in this district a great explosion, like the most 
gigantic outburst of Vesuvius, was likely to occur. 

The magnitude of the explosion may be inferred from 
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several facts which appear in the newspaper reports. An 
observer at New Plymouth, on the west side of the island, 
150 miles from the scene of the disaster, saw the column 
of ashes rising far into the air, and computed its height 
to be not less than 22,000 feet. The noise of the ex- 
plosion is said to have been heard at Christ Church, a 
distance of some 300 miles. The ashes fell over a vast 
area of land and sea to the north and east of the vent of 
discharge. Vessels sailing even 130 miles away found 
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the air thick with fine dust, which settled on their decks. 
Near the scene of the explosion the depth of accumulated 
ashes, still quite hot, was found by some adventurous 
explorers, seeking to succour the poor Maoris, to be not 
less than 20 feet. Ata distance of 30 or 40 miles the 
deposit was still several inches thick, so stupendous must 
have been the amount of rock blown into powder by the 
great explosion of Tarawera. 

The materials ejected from that mountain appear to 
have consisted mainly of loose fragments of lava, cinders, 
ashes, and fine dust, with vast quantities of steam, while 
not improbably hot water and mudissued from the flanks 
of the volcano. So far as can be gathered from the 
narratives, there was no emission of lava, though, from 
the “flames” and ‘‘fire-balls” so generally referred to, it 
may eventually be found that molten lava flowed out 
somewhere on the sides of the mountain. . 

Not far from the base of the volcanic cone of Tarawera 
lay the warm lake and sinter terraces of Rotomahana. 
The treacherous nature of that district has been often 
remarked—its steam-vents, boiling pools, hot steaming 
soil, and eruptive geysers, not always remaining in the 
same places, but apt with no warning to break out at 
fresh points. This weird locality has been involved in 
the volcanic disturbances of the region, The famous ter- 
races have been blown into the air, and fragments of their 
sinter have been picked up among the dust and ashes of 
the surrounding country. The lake on the borders of 
which they stood has been ingulfed. On their site 
scores of mud-cones are vomiting forth stones and mud, 
and hurling clouds of steam into the air. New vents for 
the escape of steam and the outflow of volcanic mud have 
been opened all over the country, and the aspect of the 
landscape has been entirely changed. A scene of fairy- 
like beauty has been transformed into one of -loathsome 
desolation. Even if the volcanic activity calms down 
and the sinter springs can recommence their work of de- 
position, many generations must pass away before they 
can build up again such terraces as have been destroyed. 
The new features of the country will no doubt still prove 
attractive to tourists, but the marvellous staircases of Te 
Tarata are a dream of the past. 
Among the features of the eruption on which it is to 

be hoped that light will be thrown by the more detailed 
investigations of experts are the source and behaviour of 
the mud that overwhelmed the settlement of Wairoa. 
From the narratives of the survivors, showing that the 
houses were crushed in from above, the mud seems to 
have descended through the air upon the district, mingled 
with ashes and stones. Rain fell during the night, but 
the mud could hardly have been formed in the air by the 
mixing of the rain and dry ashes. It appears to have 
come down as liquid mud and was no doubt ejected as 
such from some neighbouring vent. The orifice of erup- 
tion could scarcely have been the great cone of Tarawera ; 
more probably there were many vents not only at Roto- 
mahana, but nearer to Wairoa, by which a large amount 
of mud was discharged over the surrounding district. 

Another question that will no doubt receive careful con- 
sideration relates to the movements of the air during the 
time of the eruption. Barometric observations at Rotorua 
and at places on the opposite sides of the island will be 
of much interest. From the newspaper accounts it is 
clear that a great atmospheric disturbance accompanied 
the eruption. About an hour after the great explosion a 
gale suddenly arose in the Rotorua and Wairoa district, 
and blew with such fury as to uproot and prostrate im- 
mense numbers of trees, and to strip off leaves and 
branches from those that were left standing. At Rotorua 
the direction of the hurricane was towards the scene of 
volcanic activity, as if the air were being drawn into the 
vortex caused by the explosion. A few hours later the 
gale as suddenly ceased and then ashes began to fall, 
borne northwards by some upper current of air. We 
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have yet to learn how far these atmospheric movements 
were connected with or independent of the eruption. 

There are some excellent geologists in New Zealand 
who have now a rare opportunity of investigation. No 
mud-eruptions at all comparable in magnitude to those of 
this summer in New Zealand have ever been known. 
The connection of these with the explosion of Tarawera, 
the relation of the latter to the lava-reservoir inside, the 
nature of the so-called “ flames” and “‘ pillar of fire” so 
conspicuous on the night of the eruption, the sources of 
the “ fire-balls,” and many other details, offer a wide and 
most interesting field for the colonial observers. Geolo- 
gists all over the world will await with much interest the 
publication of their investigations. ARCH. GEIKIE 

NOTES 

THE honour of knighthood has been conferred on Mr. Philip 

Magnus, the head of the City and Guilds Technical Institute at 
South Kensington. 

Last Saturday a banquet was given to M. Chevreul by French 
students to celebrate the one hundredth anniversary of his 
birth. 

THE death is reported on June 22 of Dr. H. F. Hance at 
Amoy, at which place he was Her Majesty’s consul. Although 
no independent work bears Dr. Hance’s name, he has done 

more than any other man to make us acquainted with the flora 
of China, both of the empire and of the British colonies. His 

contributions to botanical literature are to be found in period- 
icals, very largely in Trimen’s Yournal of Botany ; and the 

number of species described by him for the first time is very 
great. He was a contributor to the herbaria at the British 
Museum and at Kew, It is to be hoped that his herbarium will 

be brought to London and deposited where it can be consulted, 
and his types readily compared with those of other authors. A 
full synonymic catalogue of all the known Chinese plants is now 

in course of publication by Messrs. Forbes and Hemsley, and is 
greatly needed. 

UNDER the energetic management of Dr. Adolph Bastian the 
Administration of the Berlin Royal Ethnological Museum has 
commenced to publish a series of original communications ex- 

planatory of the varied contents of that superb collection. 
According to the present programme four parts of about 60 

large octavo pages each, with two or more plates of illustrations, 
will be issued yearly by the Berlin publisher, W. Spemann, at 
the price of 16 marks, or 4 marks each. Judging from the three 

parts, which have already appeared for the year 1885-86, the 
series promises to develop into a vast encyclopedia of anthro- 

pological subjects. Many of the communications constitute in 

themselves more or less exhaustive essays on special branches of 
ethnology, and to some of thema peculiar value attaches, because 
contributed by the collectors or observers themselves. Such, for 

instance, is the paper on funeral rites in the Pellew Islands, con- 

tributed to the first number by the traveller, Kubary, who has 

spent many years in the Oceanic regions, and made a special 
study of the Polynesian and Micronesian islanders. The same 
number contains a report on Richard Rohde’s expedition to the 
Paraguay and Brazil (Matto Grosso) in 1883-84, followed by the 

traveller’s account of the Bororo and Guato tribes in the Upper 
Paraguay basin. Of great value is Dr. O. Finsch’s paper in 
Part II. on the ethnological collections from the South Sea 
Islands, some 3090 objects, of which more than half found their 
way to the Berlin Museum. The importance of securing speci- 
mens from this region before it is too late is well shown by the 
experience of this traveller, who on revisiting New Britain in 
1884-85 was no longer able to procure several objects which 

wood-carvings, are now ‘‘ manufactured ” in New Ireland ‘for 
the trade,” the natives finding good customers amongst the crews 
of passing ships. This paper is followed by the explorer Gra- 
bowski’s description of nearly 200 objects from South and East 
Borneo, many extremely rare, if not quite unique. Dr. Bastian 
concludes a characteristic essay at the end of Part III. with the 
words : ‘So walte ein Jeder seines Amtes,—und uns ist die 
Aufgabe zugefallen,—Das rechtzeitig in Sicherheit zu bringen, 
was morgen schon verloren sein mag.” 

In the July number of the American Fournal of Science, Prof. 
Rockwood, jun., of Princeton, publishes a paper (the fifteenth 
of the series) on the earthquakes of North and South America 

for the year 1885. The writer again attempts to assign to each 

earthquake a grade of intensity, based where possible upon the 
character of the physical phenomena reported. Where no such 
information was available the estimate is based on the phraseo- 

logy of the original report, taking into account the probable 
intensity of an earthquake in the locality in question. There is, 
as Prof. Rockwood recognises, a largé element of uncertainty in 
these estimates, ‘‘ but at least they are the best that can be made 

now, and better than any one else could make at a later date 
and without access to the original reports.” This last considera- 
tion alone appears to us to justify the attempted classification, 
A large proportion of the American earthquakes of the year 

occurred in California, and accordingly a small outline earth- 

quake map of that State for the year is given. The whole list 
contains 71 items: 34 belong to the Pacific coast of the United 

States, 9 to the Atlantic States, 8 to the Canadian provinces, 5 
to New England, 3 to the Mississippi valley, 5 to South and 2 
to Central America. 

WE may also take this opportunity of referring to the same 
writer's annual account of the progress in vulcanology and seis- 
mology for 1885, published in the Smithsonian Report. Most 

of the incidents recorded, and papers and other publications 
referred to have from time to time been described or reported in 
our own columns, and it is therefore only necessary to say that 

in this as in previous years the summary shows great care and 
industry, and should be an invaluable vade mecum to all interested 

in the study of these phenomena. 

THE United States Commissioners are still continuing their 
labours in the direction of acclimatising flatfish to American 
waters, which are nearly as well suited to the Plewronectide as 

English waters. Several attempts have been made to transmit 
them from our shores alive, but hitherto with little success. In- 

formation has, however, reached us to the effect that fifty soles — 

during last month were sent by the Derby Museum authorities 
at Liverpool, twenty-five of which reached their destination alive. 
Prof. Baird, the Chief Commissioner, states that the share in a 

thriving condition and feed well. They have been placed in a 
suitable habitat at Washington Station, and are being watched 

with special care. The soles, which are about three inches long, 

were transmitted in glass globes attached to the ceiling of the 
cabin of the s.s. Brzfannic. This method minimises the risk of 

injury: to the fish through the oscillation of the vessel, as the 
receptacles, being swung, move backwards and forwards with 
the motion of the steamer. The National Fish Culture Associa- 

tion intend forwarding to America another consignment of flat- 
fish next month in order to assist the operations of the Commis- 
sioners. The sole is a very delicate fish, and cannot withstand 
the strain of protracted journeys, which makes it very difficult to 
transmit. 

Messrs. J. B. Lipprncorr AND Co. have in the press a 
‘Manual of North American Birds,” by the eminent ornitholo- 
gist, Prof. Robert Ridgway, Curator of the Department of Birds, 

were readily obtainable three years previously. Others, such as | Smithsonian Institution, Washington, D.C. The author has had 

{ 

: 
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exceptional advantages for the preparation of a treatise of this 
character, arising from his own field experience, as well as his 

connection with the National Museum, and the free access which 

has been granted him to various other public and private collec- 

tions of birds, both in this country and Europe. The work is to 
contain some 425 illustrations suitably executed, and will conform 

to the geographical limits, classification, numeration, and nomen- 
clature adopted by the American Ornithological Union. 

ACCORDING to an official notification of the trustees of the 

**Schwestern Frohlich Stiftung” at Vienna certain donations 
and pensions will be granted from the funds of this charity this 
year in accordance with the will of the testatrix, Miss Anna 
Frohlich, to deserving persons of talent who have distinguished 

themselves in any of the branches of science, art, or literature, 

who may be in want of pecuniary support either through acci- 
dent, illness, or infirmity consequent upon old age. The grant 
of such temporary or permanent assistance in the form of dona- 
tions or pensions is, according to the terms of the foundation 

deed, primarily intended for Austrian artists, literary men 

and men of science, but in which however foreigners of 
every nationality—English and others—may likewise partici- 
pate provided they are resident in Austria. Donations will 

be granted to artists and men of letters and science for the 

purpose of completing their studies, and for the execution or 
publication of a certain specific work, and also in cases of sudden 
inability to work. Pensions are being granted to artists and 

men of letters and science who, in consequence of old age, illness, 

or other misfortunes, have been placed in a position of want. 
The applications addressed to the trustees (das curatorium) must 

be transmitted to the president’s office of the Common Council 

of the City of Vienna (an das Prasidial-Bureau des Wiener 
Gemeinderathes Neues Rathhaus) before August 31, 1886, through 

the Austro-Hungarian Embassy in London, 18, Belgrave Square, 

S.W., where also further particulars of the terms and conditions 
of the foundation deeds, &c., can be obtained. 

THE fifth Circular of Information for 1885, published by the 

United States Bureau of Education, is a very exhaustive treatise 
upon physical education. It directs attention to the four dif- 

ferent ideas of manly excellence: the Greek, or zesthetic ; the 
monkish, or ascetic ; the military, or knightly ; and the medical, 
or scientific. The recent war popularised the third in America, 
and reports of work of that class are accordingly to be found 

here. The teachings of the fourth, down to the most recent 
day, are of course the essence of the paper, and more than once 

attention is called to the great tendency of such teaching to 

return to the old standards of the first. In England, and still 

more in America, the oldest colleges and schools were founded 
with the principal object of educating a clergy, and accordingly 
were imbued with the spirit of the second—an important result 
of which has been that the games which occupy so much of the 
thoughts and the time of the students have hardly ever been 

recognised by the authorities, who have quite recently been 
forced to take them under their control to prevent abuse. It is 

felt now how important it is that games and exercises should be 
supervised and made a part of education, to be carefully con- 

trolled by a competent M.D., who shall be one of the Faculty 
on a par with the other masters. Rugby football is condemned 

by the great Harvard University as a ‘‘ brutal and dangerous” 
game. 
games are recounted, and many careful restrictions on games 

generally have been agreed to by the highest authorities, both 

scholastic and medical. The code and the books of Mr. 
Maclaren, of Oxford—a prophet too little honoured in his own 
country—are highly praised, but Germany carries the palm for 

science and laborious thoroughness. The manual labour which 

has been so successful in the lower-grade schools is naturally 

Many strong objections to much that attends public |, 

not found popular in the colleges. A warning voice is raised 
against the high pressure at which girls live both at work and 
pleasure, and the necessity of more regular rest and exercise is 
insisted upon. A large part of the Circular consists of plans 
and elevations of gymnasiums, useful to both schoolmasters and 
architects. 

THE labours of a curator who undertakes the first setting in 

order of the raw material of a museum in a new building are 

fully disclosed in the Report of the Nottingham Free Natural 
History Museum, which published the works of Mr. J. F. Blake, 

the Superintendent. And it can be no small labour to which 

he has devoted himself, even though extending over five years ; 
comprising, as it does, the naming and re-naming of I1,400 

specimens of every class of natural production hitherto kept 
with very little care; the supplementing them, as opportunity 

offered, with important desiderata till the total number of objects 
exhibited has increased to 21,950; the preparation of maps 

showing the geographical distribution of the animals near which 
they are placed ; the pictorial mounting of specimens of birds 
and of birds’ nests ; and the specially important duty of a local 
museum of getting together as complete a local collection as 

possible. At the same time we regard it as a most wholesome 

symptom in the case that Mr. Blake is by no means satisfied 
with his achievements, and we wish him more rapid progress 

in all his present and future undertakings on behalf of the 
Museum. 

AMONG recent contributions to natural-history literature, 
attention is due to an interesting work by the eminent Nor- 

wegian naturalist, Leonhard Stejneger, published in the United 

States under the title of ‘‘ Results of Ornithological Explora- 
tions in the Commander Islands and Kamtschatka.” In this 

work, which is illustrated by coloured plates, the author de- 

scribes upwards of 140 species, all of which were collected or 

observed by himself during his various visits to Behring’s Sea 

and the neighbouring coast-lands and islands. The main results 

of these expeditions had previously appeared in the Budletins of 

the U.S. National Museum, in the Ornithological Department 
of which institution Mr. Stejneger holds the post of Assistant 
Curator, while he has also from time to time supplied Maturen 
with pleasantly-written popular reports of his voyages and ob- 

servations, and to these we have more than once had occasion 

to make favourable reference. As, however, both these sources 

are inaccessible to the general reader, we welcome with great 

satisfaction the present comprehensive English exposition of 

Mr. Stejneger’s most recent contributions to the branch of 

science which he so successfully cultivates. Within his own 

province he has, moreover, been doing good service to popular 

science as compiler of the ornithological portion of the American 

“ Standard Natural History,” published at Boston by Messrs. 
Cassino and Co. In Mr. Stejneger’s original contributions to 

this work, which claims to be based on the most recent results 
of science, he has been able by his own observations to make 

various additions to, and corrections of, the statements of 

Brehm, who has hitherto been trusted as our principal authority 

regarding North European and American ornithology. 

DuriNG a severe thunderstorm which passed over Central 

Norway last week a remarkable example of the power of light- 
ning was witnessed. In a field at Loiten a fir-tree 80 feet in 
height was struck by lightning some 12 feet from the ground, 
with the effect that the tree was cut in halves and the upper 
portion—about 60 feet in length—thrown a distance of several 
yards. The most curious part, is, however, that the surface of 

the detached part is as smooth as if the tree had been sawn 
through, whilst that of the stump remaining in the ground is 
jagged, charred, and splintered to the root. The ground around 

the tree is furrowed in all directions, one being several feet in 
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width and depth, and extending for some 10 yards, A spruce- 

tree close by shows a furrow an inch in width running from a 
height of 6 feet down to the root. 

On Thursday night, at 11.30, M. L’Hoste crossed from 

Cherbourg ina balloon, alighting in the neighbourhood of Lon- 
don at 6.30 on Friday morning. M. L’Hoste had asmall sail to 
assist in directing the balloon, and an apparatus for letting 
down into the sea to draw water into the balloon to act as 

ballast. He was accompanied by M. Mangot, the astronomer. 

The highest altitude attained was 3600 feet, and the lowest tem- 
perature observed 7° C. 

THE additions to the Zoological Society’s Gardens during the 
past week include a Malbrouck Monkey (Cercopithecus cynosuru:) 
from West Africa, presented by Mrs. Barrington; a Blue-faced 

Amazon (Cirysotis estiva) from Brazil, presented by Mrs. I 
Fletcher ; an Aldrovandis Skink (Pdsticdon auratus) from North 

Africa, presented by Mr. R. J. M. Teil; two Grey Parrots 

(Psittacus erithacus) from West Africa, deposited ; a Sea Eagle 

(Haliaetus ), a Masked Weaver Bird (Hyphantornis per- 

sonata) from Africa, a Short-eared Owl (Asio drachyotus), 

European, a Hyacinthine Macaw (Ara hyacinthina) from 

North Brazil, two Blanding’s Terrapins (Clemmys blanding?) 

from North America, two Indian River Snakes ( Tropidonotus 

guincunciatus) from India, purchased ;_ two Triangular Spotted 

Pigeons (Columba guinea), a Geoffroy’s Dove (Peristera geoffroii), 

four Brazilian Teals (Querquedula brasiliensis), five Slender 
Ducks (Anas gibberifrons), two Chilian Pintails (Dajila spini- 

cauda), two Wild Ducks (Anas boschas), a Himalayan Monaul 

(Lophophorus impeyanus), bred in the Gardens. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 AUGUST 8-14 

(FOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Greenwich on August 8 
Sun rises, 4h. 37m. ; souths, 12h. 5m. 253s. ; sets, rgh. 34m. 

decl. on meridian, 16° 6’ N.: 
16h. 43m. 

Moon (two days after First Quarter) rises, 14h. 45m. ; souths, 
19h. 25m. ; sets, oh. Im.*; decl. on meridian, 16° 41’ S 

> 

Sidereal Time at Sunset, 

Planet Rises Souths Sets Decl. on meridian 
h, m h. m. h. m. ae 

Mercury 6 Io E25 ese LOUS2) 7 24N. 
Venus ... Tie 57 TOMES --) LSO 22 4N. 
Mars Io 51 TOT yen V2L ESE 8 41S. 
Jupiter... 9 °5 Tes, wesc ten) 0 25S. 
Saturn .. 158 Io 4 18 10 22 4N. 

* Indicates that the setting is that of the following morning. 

Tariable Stars 
Star R.A. Decl. 

bee im, Peer) h. m. 
U Cephei ... O 52°2... 81 16N.... Aug. 12, 21 49 m 
R Arietis ss ZECOLO) -3. 24 STN aes) ceils M 
aUrsee Majoris-.. 1203022 ..:860) 7 IN) oe TOs me 
(Wi Warginis: oc os.0 1T2745°8)2-0 SO LOUNGE 53 LON m 
R Camelopardalis. 14 26°3...84 21N.... ,, 11, uM 
5 Libree © 1415459) 0.) 8/4595 ece0y 955) LA aZONRO. 772 
S Libre Sees et 5 W4UOreeeTOMEOlOs yp M 
U Ophiuchi... nL LO78 rece a POUNG a) 2; RZ NTO). 272 

ps 2 ieee 
U Sagittarii... SCAG MOPS easy 0, © Ow 
B Lyre... see S14'5¢0)---39) T4UNG aes 5 LOO! 7725 
R Lyre won LOU 5 TiOh > AGTASINGT cour meISS m 
7 Aguile = 194657, --. SOn43uNen ne” -5 me eee EOl72 
5 Cephei «22249... 57, 50.N. 22 55 On OT 

M signifies maximum ; 7 minimum ; #2, secondary minimum. 

Meteor Showers 
The principal shower of the week is that of the Persefds, R.A. 

43°, Decl. 56° N. The maximum occurs on August 10, but 
many meteors from the same radiant are usually seen on the 
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nights both immediately preceding and following that date. 
Meteors are frequently seen also from neighbouring radiants, 
e.g. near the Pleiades, R.A. 55°, Decl. 26° N.; near Capella, 
R.A. 68°, Decl. 46° N.; near y Tauri, R.A. 55°, Decl. 7° N.; 
and from Lynx, R.A. 96°, Decl. 71° N. A radiant from 
a Pegasi, R.A. 345°, Decl. 15° N., is also active at this season, 
which is usually the most prolific of the year. 

O-cultations of Stars by the Moon (visible at Greenwich) 

Corresponding 
angles from ver- Aug. Star Mag. Disap. Reap tex to right for 

inverted image 
h. m. h. m. ° ° 

8°%.. 24iScorpil) 2-05 19 I5 ... 20 34 92 255 
Ir... @Sagittarli ... 5 18 44 ... 20 0 74 242 

Aug. h. J , 

14... Venus in conjunction with and o° 1’ south 
of Saturn. 

THE SCIENTIFIC DEVELOPMENT OF THE 
COAL-TAR COLOUR INDUSTRY* 

THE subject on which I propose to address you this evening 
has been brought under the notice of the Society of Arts 

on former occasions, and was only la-t year thoroughly treated 
of by Dr, W. H. Perkin, the pioneer of this branch of manu- 
facture, in his Presidential Address to the Society of Chemical 
Industry. It has, moreover, quite recently furnished materials 
for a lecture at the Royal Institution by Sir Henry Roscoe, so 
that I feel in some measure obliged to apologise for again bring- _ 
ing forward a topic upon which it may appear to chemists that 
nothing particularly new remains to be said. Having, however, 
been intimately associated with this branch of chemical industry: 
for many years, I have had exceptional opportunities of watching 
its development, and of forming ideas upon the causes of its 
progress, which may justify my engaging your attention upon the 
present occasion. 

The manufacture of coal-tar products is a subject which offers 
distinct advantage for popular treatment, both on account of the 
practical utility of the products, and the striking and beautiful 
colour phenomena which they present. But I do not propose 
now to avail myself of these advantages, because I think there 
is a more serious aspect of the subject than the mere enumera- 
tion of the names, chemical formuiz, and mode of preparation 
of the recently discovered products. I must take it for granted 
that those present this evening are familiar with the fact that out 
of coal-tar there are obtained series of hydrocarbons from which 
are prepared nearly all the dye-stuffs at present in use ; that the 
introduction of these artificial colouring-matters has revolution- 
ised the tinctorial industries, and that the tar of gas-works, 
which was formerly a waste product and a nuisance, is now a 
valuable source of revenue to the gas companies. It is, doubt- 
less, known to you also that, besides colouring-matters, there 
are obtained from the same hydrocarbons artificial perfumes, and 
drugs which rival quinine in efficiency ; and that quite recently 
a substance has been discovered by Dr. Fahlberg, which goes by 
the name of ‘‘saccharine,” and which is stated to possess 220 
times the sweetening power of cane sugar.* But I must content 
myself by merely pointing to such discoveries as triumphs which 
the chemist, by his ‘‘so potent art,” has achieved in recent 
times, because I want to bring home to English manufacturers 
one particular point in connection with this industry, and the 
Chemical Section of the Society for the Encouragement of Arts, 
Manufactures, and Commerce seems to me to be the right place 
for so doing. It cannot be denied that the coal-tar industry has 
for some years past been migrating from this country, the land of 
its birth, to the continent of Europe. Of the causes of this 
decline assigned by Dr. Perkin and others who have expressed 
opinions upon the subject, I do not now propose to touch upon 
those which may be considered as purely politico-economical 

* A Paper read at the Society of Arts by Prof. R. Meldola, F.R.S., F.C.S., 
F.I.C., on May 13, 1886. 

* The substance referred to is an anhydro-derivative of orthosulphamine- 
benzoic acid having the formula 

CsHi< $0,>NH. 

For details, see a paper by I. Levinstein, Journ. Soc. Chem. Ind., Feb. 
1836, p. 75. Also the original communications in the American Chemical 
Fournal, vol. i. pp. 170 and 426, and vol. ii. p. 181. For an investigation 
of the physiological action see the Archivio per le scienze mediche, vol. ix. 

| No. 22, p. 407 (Turin, 1886). 
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ones, such as Free Trade, the Patent Laws, or the available 
energy of a British as compared with a German workman under 
the stimulus of a certain amount of weekly wage. These and 
kindred questions—such as the cost of railway carriage, or the 
relative ideas of ‘‘making a manufacture pay”’ which may exist 
in the British and Teutonic minds—have, doubtless, a most im- 
portant bearing upon the main subject, but their discussion 
would occupy far too much time, and would, moreover, be out 
of place in this Section. I might even go so far as to express 
a private belief that if this portion of the subject were handed 
over for legitimate treatment by economists, the conclusions 
arrived at (if any) would hardly be commensurate with the 
amount of discussion which would be evoked. In fact, it 
appears to me that although, in a general way, each of the 
causes mentioned must be a factor in determining the success of 
any branch of manufacture, it is quite impossible to assign its 
true value to each of these factors ; and in the case of the pre-. 
sent industry I am persuaded that it is now a question of 
chemical and not of economic science that is pressing for con- 
sideration. 

It will, I think, be conceded that the manufacture of coal-tar 
products is far excellence the most scientific of the chemical in- 
dustries. This high position may fairly be claimed for the in- 
dustry when we consider the number and complexity of the 
products, the delicacy of many of the reactions employed, the 
special arrangements of plant required, and the intimate know- 
ledge of the chemistry of the aromatic compounds which the 
colour chemist must at the present time possess. Moreover, the 
industry is of comparatively recent growth—it has been born and 
has reached its present development within the last thirty years, 
so that the successive phases of its evolution can be clearly 
traced. For these rea ons the subject is well calculated to 
throw light upon the general question of technical chemical 
education, a question of which the importance to the country 
at large now bids fair to become duly recognised. 

In treating of the industrial development of a branch of 
chemical manufacture, it is important that we should begin with 
a distinct idea of the products themselves. I must claim the 
indulgence of chemists if at this stage I find it necessary to go 
over somewhat old ground, and to slate facts with which so 
many are familiar. It would, of course, be quite impossible to 
give, on the present occasion, anything like a complete chrono- 
logical list of the various colouring-matters, and it would be 
equally impossible for me to enter into the discussion of the 
chemical structure of the beautiful compounds which are now to 
be met with in the market. If, later on, I find it necessary to 
enter into questions of chemical constitution, it will be chiefly 
with the object of illustrating general principles by appealing to 
particular cases. Inthe brief historical sketch which I now pro- 
pose to lay before you, I shall mention only those discoveries 
which may be considered to mark distinct commercial epochs in 
the development of the industry. The successive steps in this 
development will furnish us with one of the most striking illus- 
trations of the utilisation of scientific discovery for industrial 
purposes, and the reaction of industry upon pure science. 

Commencing in the year 1856, the foundation of the coal-tar 
colour industry was laid by Perkin, by the discovery of mauve, 
a violet dye, obtained accidentally in the course of an investiga- 
tion having forits object the preparation of quinine by an arti- 
ficial synthesis. In 1860, magenta, which had formerly been 
made in small quantities by expensive processes, was rendered a 
product of the first order of commercial importance by the dis- 
covery of the arsenic acid process by Medlock and E. C. Nichol- 
son simultaneously. During this same year phenylated blues 
were first produced by Girard and De Laire, by the action of 
aniline upon magenta base at a high temperature. These blues 
had Lut a limited application owing to their insolubility, and 
their value was enormously enhanced by Nicholson’s discovery, 
in 1862, that these colours could be converted into soluble sul- 
phonic acids. The first azo-colour, amidoazobenzene, a basic 
yellow dye, was introduced in 1863 by the firm of Simpson, 
Maule, and Nicholson, under the name of ‘‘aniline yellow.” In 
this same year the methylic and ethylic derivatives of magenta 
were manufactured by the same firm under the name of ‘* Hof- 
mann violets,” inhonour of theirdiscoverer. ‘* Azodiphenyl blue,” 
the first of the colouring-matters now known as indulines, and 
Manchester yellow, appeared in 1864 ; and in 1866 ‘‘ Bismarck 
brown” (triamidoazobenzene) was first manufactured at Man- 
chester. The same year (1866) was marked by the introduction of 
Coupier’s nitro-benzene process for the manufacture of magenta. 
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In 1868 Graebe and Liebermann gave to the world their great 
discovery of the chemical constitution of alizarin, and in the 
following year the manufacture of this colouring-matter from 
anthracene was commenced. The first members of the great 
family of the ‘‘ phthaleines,” viz. gallein and fluorescein, were 
discovered by Baeyer in 1871; and the first technical applica- 
tion of this discovery was made in 1874 by Caro, who intro- 
duced the beautiful pink tetrabromfluorescein into commerce, 
under the name of ‘‘eosin.” Diamidoazobenzene was dis- 
covered by Caro and Witt independently in 1875, and was in- 
troduced into commerce by the latter as ‘‘ chrysoidine.” A 
great impetus was given to the technical production of azo- 
colouring matters by this discovery, the naphthol oranges and 
other ‘‘tropceolines,” fast-red, the ponceau scarlets, &c., 
appearing in 1878. Methylene blue and acid magenta were 
introduced by Caro in 1877, and in the same year the old and 
fugitive ‘‘aniline yellow” was converted into a valuable acid 
yellow by Grissler, who patented a process for converting the 
base into a sulphonic acid. Malachite green was introduced in 
1878, and in 1879 the first member of the now important group 
of secondary azo-compounds appeared under the name of Bie- 
brich scarlet. It is these secondary azo-scarlets, and especially 
the ‘‘croceine scarlets” (discovered in 1881) which are exter- 
minating the cochineal industry. The year 1880 was marked by 
the brilliant discovery of the constitution of indigo, and the 
synthesis of this colouring-matter by Baeyer, a discovery which 
is none the less a triumph of synthetical chemistry because the 
manufacture is not at present successful from a commercial point 
of view. Indophenols were introduced by Koechlin and Witt in 
1881, and in 1883 appeared Caro’s first patent for the production 
of colouring-matters of the rosaniline group by the method of 
“condensation” with phosgene gas, in the presence of suitable 
condensing-agents. 

This chronological record comprises nearly all the chief colour- 
ing-matters from coal-tar which are, or have been, of industrial 
value. It is important to note that the list, even as it stands in 
the form of a bald statement of facts in chemical history, reveals 
the existence of that fundamental law of the ‘‘ survival of the 
fittest.” Old products have been displaced by newer ones, as 
fresh discoveries were made, or processes improved, and to the 
chemist it is of interest to observe how this development of an 
industry has gone on far? passu with the development of the 
science itself. The moral conveyed to the manufacturer is 
sufficiently obvious. If we are to recover our former supremacy 
in this industry, we must begin by dispelling conservative ideas 
—we must realise the fact that no existing process is final, and 
that no product at present sent into the market is destined to 
survive for an unlimited period. The scientific manufac- 
{urer must be brought to see that present success is no 
guarantee for future stability, and unless he realises this position 
in its fullest significance, he may find the sale of his standard 
products gradually falling off, or be compelled to wake up to the 
unpleasant fact that his competitors are underselling him, owing 
to improved methods of manufacture. ; j 

It may appear to many that I am here simply preaching the 
doctrine of progress, and that the remarks which I have offered 
are mere truisms. Unfortunately, the facts of the case render 
this appeal necessary. It must never be forgotten that the coal- 
tar colour industry is essentially of English origin. It was 
Faraday who first discovered benzene in 1825 ; it was Mansfield 
who, in 1847, first isolated this substance in large quantities 
from coal-tar, and showed how nitro-benzene could be manufac- 
tured therefrom. The beginning of the colour industry was 
Perkin’s discovery of mauve ; and the introduction of the new 
colour into dyeing establishments was due to the example set by 
Messrs. Pullar, of Perth, in 1856. The manufacture of magenta 
on a large scale was the result of the discovery of the arsenic 
acid process by Medlock and Nicholson ; and the phenylic blues 
were made commercially valuable by Nicholson. The first azo- 
colours, ‘‘ aniline yellow ”’ and ‘‘ Manchester brown,” as well as 
“*Manchester yellow” (dinitro-a-naphthol) were manufactured in 
this country. We may thus fairly lay claim to have given to 
the commercial world the types of all the more important 
colouring-matters of the present time. If, as is certainly the 
case, the development of these typical products has been allowed 
to take place in other countries, it behoyes us, as a practical 
nation, to inquire closely into the cause of this success abroad— 
a success which will appear all the more remarkable when we 
bear in mind that we are the largest European producers of the 
raw material, gas-tar, out of which the colours are manufactured, 
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as well as being among the largest consumers of the dyes them- 
selves. It is estimated that the amount of tar distilled annually 
in this country is about 500,000 tons, and it is certain that we 
distil at least one-half of the whole anount of tar produced in 
Europe. The present state of affairs is that our competitors can 
afford to import the raw materials from us, to manufacture and 
return the colours so as to compete with us successfully in our 
own markets, and to undersell us in the foreign markets. The 
bare mention of these facts will be sufficient to indicate the 
existence of something requiring radical reform in our manufac- 
turing system. 

Before submitting to you the statistics of this industry which 
I have been able to collect, I think it desirable to make an 
attempt to show the inner mechanism by which chemical science 
has been and is being so successfully adjusted to commercial 
wants by our Continental neighbours. I regret exceedingly that 
my predecessors on this and other platforms have not left me 
the chance of giving a general sketch of the chemical develop- 
ment of the different groups of colouring-matters. In fact, I 
find myself suffering here from several distinct disadvantages, 
but I hope, with your forbearance, to make the best of the 
situation. It will serve my purpose equally well, or perhaps 
even better, toconfine my illustration to one particular group of 
colouring-matters. The more striking achievements, such as 
the syntheses of alizarin and indigo, are now so familiar to 
chemical audiences that their repetition would be unnecessary. 
Equally instructive, from the present point of view would be the 
history of the colouring-matters of the rosaniline group, and I 
can only express a passing regret that time will not permit me 
to recapitulate the steps in the beautiful series of investigations 
which led to the establishment of the structural formula of 
rosaniline and its derivatives by E. and O. Fischer, and then 
to the synthesis of these colours by Caro from ketone bases. 
The principle which I wish to bring out may seem a strange 
one toa ‘‘practical’’ people, but I am convinced that the whole 
secret of success abroad is the spirit of complete indifference to 
immediately successful results in which the researches are carried 
on. I say ‘‘ immediately successful” because it would of course 
be absurd on the part of an investigator not to take advantage 
of any discovery which happened to be of commercial value. 
But, as a general principle, the question of practical utility does 
not in the first place enter into the work. The great develop- 
ment of this and many other industries is mainly due to the 
complete and thorough recognition, on the part of our com- 
petitors, of the vital importance of chemical science. In this 
country, where the word ‘‘ practical” threatens to become a 
reproach, we put science into the background, and attach all 
importance to the mere ¢echnigue of our manufactures. If I 
might venture to offer an aphorism to the English manufacturer, 
it would be to the effect that he should look after the science, 
and leave the technique to take care of itself. 

After these considerations, you will see that it isa matter of 
perfect indifference whether I take by way of illustration pro- 
ducts which have been successful from a financial point of view 
or not. In order to give greater emphasis to the principle, I 
propose, however, to consider the history of some colouring- 
matters which have found a market value, and I select this 
group with the more readiness because, on the one hand, it was 
not treated of last year by Dr. Perkin, and, on the other hand, 
it furnishes a splendid illustration of the way in which these 
coal-tar products are being scientifically developed in the foreign 
laboratories. 

In 1863, Mr. E. C. Nicholson discoyered a basic orange 
colouring-matter among the by-products formed during the 
manufacture of magenta by the arsenic acid process. The 
method of isolating this substance in a state of purity was very 
skilfully worked out by Messrs. Simpson, Maule, and Nicholson, 
and the colour was introduced into the market under the name 
of ‘“‘phosphine.” This dye was the first basic orange dis- 
‘covered, and the advantages which it possessed for certain kinds 
of dyeing enabled the manufacturers to sell it at a price which 
helped to cheapen the cost price of magenta to an appreciable 
extent. The chemical composition of the substance was esta- 
blished_ in 1863 by Hofmann, who assigned the formula 
CyoHy,;N,.H,O, and described the base under the name of 
chrysaniline, Although other and cheaper basic orange colour- 
ing-matters have since been discovered, chrysaniline still finds a 
distinct use ; and Iam informed by Messrs. Brooke, Simpson, 
and Spiller that the amount of this colour now sold is not appre- 
ciably less than at the time of its introduction by their prede- 

cessors. {, The chemical constitution of chrysaniline remained 
unknown till about two years ago, when the problem was solved 
by O. Fischer (Berichte, 1884, p. 203). In order to be able to 
follow the steps in the investigation, it will be necessary, in the 
first place, to go back to the discovery of another colouring- 
matter, called flavaniline, of which the existence was made 
known by O. Fischer and C. Rudolph in 1882 (Berichte, 1882, 
p- 1500). Flavaniline was produced by the action of dehydrat- 
ing agents, such as zinc chloride, upon acetanilide, this fact 
having been observed by Rudolph in 1881, and the practical 
manufacture of the colour having been carried on under a patent _ 
by Messrs. Meister, Lucius, and Briining, of the Hoechst colour- 
works.' Supplied with a large quantity of the pure crystalline 
material by the manufacturers, Messrs. Fischer and Rudolph 
established the formula of flavaniline, C,,H,,N», and showed 
that its formation from acetanilide might be expressed by the — 
equation :— 

2C,H;. NH. C,H,0—20H, = C,,H,4No. 

By the action of nitrous acid upon flavaniline a diazo-com- 
pound was produced which, by the usual method of decomposi- 
tion by water, gave a phenolic derivative termed flayenol, and 
possessing the formula Cj,H,,N . OH, thus proving that flavani- 
line contained a displaceable NH, group. By heating flavenol 
with zinc dust, a base was obtained having the formula C,,H,,N, 
and termed flavoline. This base had an odour resembling that 
of quinoline, and all its properties suggested to the authors that 
flavaniline was in reality a quinoline derivative. That flavani- 
line was amido flavoline was proved by nitrating the latter base, 
and reducing the nitro-compound, when flavaniline was obtained. 
In a later publication by Besthorn and Fischer (erichle, 1883, 
p- 68) it was announced that flavenol, when oxidised by potas- 
sium permanganate in an alkaline solution, gave an acid which, ~ I g ’ 
on distilling with lime, furnished a base having all the characters 
of lepidine. By the continued oxidation of flavenol with excess 
of alkaline permanganate, another acid was obtained, which 
proved to be picoline-tricarbonic acid, and the latter, on further 
oxidation, gave picoline-tetracarbonic acid (Berichte, 1884, 

Pp. 2925). ; 
So much for the facts; now for their interpretation. The 

production of flavenol from flavaniline by the diazo-reaction — 
shows that the respective formulas of these substances are :— 

CygHy.(N H,)N CygHy(OH)N. 
Flavenol gave, as the first product of oxidation, lepidine-car- 

bonic acid, of which the formula is C;,HgN(CO,H), and by 
further oxidation it gave picoline-tricarbonic acid, of which the 
formula is CgHyN(CO,H)3. Now the C-atoms oxidised by the 
breaking down of the 16-carbon atom flavenol into 11-carbon 
atom lepidine-carbonic acid, are those C-atoms which in flavenol 
are associated with the hydroxyl group, because this group is no 
longer contained in the product of oxidation, Thus the formulas 
of flavaniline, flavenol, and flavoline are better expressed as :— 

C,HgN . C,Hi(N Hy) 
C,,H,N . C.H,(OH) 
C, HN . CeH;. 

From this it appears that flavaniline is amidophenyl-lepidine, 
flavenol hydroxyphenyl-lepidine, and that flavoline is phenyl- — 
lepidine. 

The central nucleus of flavaniline having thus been shown to 
be lepidine (which is methylquinoline), the next question to be 
settled was the mode of formation of the colour base from 
acetanilide. The authors suggest that at the high temperature 
of the reaction, acetanilide, in the first place, becomes trans- 
formed into the isomeric orthoamidoacetophenone :— 

CH, 
Bec, eee 728 

C,H;.N.C:0O 6 “NH, 

Acetanilide. Amidoacetophenone. 

By the condensation of two molecules of the amidoaceto- 
phenone with the elimination of two molecules of water, flay- 
aniline would be produced in a manner analogous to the forma- 
tion of mesitylene by the condensation of three molecules of 
acetone under the influence of dehydrating agents :— 

* T am indebted to this firm for having kindly supplied me with specimens 
of these products for exhibition. 
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iCH 
| = 

C= CL ANETs a 

| + 20H, 
= C—C,H,.. NH, 

The accuracy of this suggestion was verified by showing that 
orthoamidoacetophenone is present in small quantity when the 
reaction is arrested as soon as the formation of colouring-matter 
commences; and conversely, when pure orthoamidoaceto- 
phenone was heated with zinc chloride, flavaniline was produced 
in small quantity.? 
We may be permitted to pause at this stage of the investiga- 

tion, before proceeding to consider the connection of this work 
with the constitution of chrysaniline. These results cannot but 
be regarded by chemists as a very beautiful piece of investiga- 
tion ; but the person of a ‘‘ practical” turn of mind may possibly 
want to know what bearing they have upon the question of 
market value—the question which the manufacturer but too 
frequently considers as the only one of importance. Now it is 
the essence of chemical science—as indeed of all other sciences 
—that every discovered fact is related to other groups of facts, 
and although the relationship may not at once be apparent, it is 
only a matter of further development that is necessary in order 
to reveal relationships which are at present obscure on account of 
our imperfect knowledge. Thus, the policy of looking at a 
chemical product from the narrow point of view of immediate 
utility isnot only unscientific, but it is detrimental to the interests 
of the manufacturer himself. Every new compound or process 
discovered—eyery structural formula established by legitimate 
investigation, may have an enormous influence, directly or in- 
directly, upon the market value of products at present sent into 
commerce. Our manufacturers must realise this if they wish to 
recover their position in the coal-tar industry, or in fact in any 
other chemical industry. There is no branch of manufacture so 
perfect as not to be open to further improvement, and until the 
broad spirit of scientific development is made to replace the 
suicidal policy of immediate utility, our position as a manufac- 
turing nation is not likely to be improved. 

In order to justify this digression by the particular instance 
now under consideration, we must return to the work of Messrs, 
Fischer and Besthorn. The discovery that flavaniline was a 
quinoline derivative was of importance as a principle, quite 
apart from any immediate value attaching to the dye-stuff 

Up to the time of this discovery, the quinoline 
derivatives, with the exception of alizarine blue, had been 
practically of no importance in the tinctorial industries, but as a 
Consequence of the present investigation, the question at once 
suggested itself whether the analogous bases of high boiling- 
point, which are present in coal-tar, such, for example, as acri- 
dine, might not be utilised as sources of colouring-matters. I 
may remind you that the fact of quinoline being an aromatic 
compound was first established by the researches of our Chair- 
man this evening, Prof. Dewar, who obtained aniline from this 
base. Inasubsequent paper on chrysaniline (O. Fischer and 
G. Korner, Berichte, 1884, p. 203), it was pointed out that in 
the course of his investigations upon rosaniline Fischer had ob- 
served that the former base, like rosaniline, was capable of 
furnishing a diazo-compound. An obseryation made by Claus 
is also mentioned, viz. the conyersion of chrysaniline into a 
phenol (chrysophenol) by heating to a high temperature with 
hydrochloric acid in accordance with the equation :— 

C,,4a;N3. HCl + HO = C,,H,;N,0 + NH4Cr 
Chrysaniline Chrysophenol. 

hydrochloride. 

The investigation of flavaniline appears to have given an 
impetus to the ideas respecting chrysaniline, because of the 
general similarity in the properties of these two substances. In 
confirmation of this impression, it was found that by the oxi- 
dation of chrysophenol an acid was obtained which, on distil- 

1 Just after writing this paper, a new contribution to the chemistry of 
flavaniline was published by O. Fischer (Berichte, 1886, p, 1036), from which 
it appears that the condensation is really between one molecule of ortho- and 
one molecule of fara-amidoacetophenone, the latter being produced by the 
isomeric transformation of the ortho-compound at the high temperature em- 
ployed. ‘The constitution of flavaniline is thus definitely established as para- 
amidophenyl_y-lepidine. 
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lation with lime, gave a pyridine base. I need hardly remind 
you that picoline, which was obtained from the acid resulting 
from the extreme oxidation of flavenol, is methylpyridine. It 
was thus established that chrysaniline was a derivative of a 
quinoline base. 

The next step in the investigation is a very important one. 
By decomposing the diazo-compound of chrysaniline with 
alcohol according to the Griess reaction, phenylacridine was 
obtained. Acridine is a base belonging to the quinoline series, 
having the formula C,,H,N. It was discovered by Graebe and 
Caro in 1872 in crude anthracene. Phenylacridine accordingly 
possesses the formula C,,H,N . C,H; ; and chrysaniline appears 
as diamidophenylacridine, C),H,(NH,)N . CgH4(NH,), because 
two amido groups are replaced by H by the diazo reaction. 
Thus the formula Cy)H,,N, (first assigned by Hofmann to 
chrysaniline) is really the formula of the higher homologue, 
chrysotoluidine. 

In order to explain the formation of chrysaniline during the 
oxidation of the materials (aniline and toluidine) in the ‘‘ red 
melt” still, several suggestions were put forward, of which the 
most probable appeared to be that the base was derived from 
triamidotriphenylmethane, the latter compound resulting from 
the condensation of two molecules of aniline with one of ortho- 
toluidine :— 

NH, 

CoHaC + 2C,H;. NH, - 2H, = 

Hi, 
‘ HC(C,HiNH,), 

Triamidotriphenylmethane. 

NEA, (Cre Aout ee 
oN C UH. Hl) Calla: Nig — 2Hy — 

Triamidotriphenylmethane. 

N 
SS CoH | Cots: NH, 

C,H,. NH, 
Diamidophenylacridine = Chrysaniline. 

The relationship of chrysaniline to the colouring-matters of 
the rosaniline group is thus indicated ; but, tempting as is this 
theme, time will not admit of further digression into this field. 
The main point, so far as we are at present concerned, is that 
by means of the present investigation, we have now arrived at a 
knowledge of the parent substance, acridine, of which a colour- 
ing-matter more than twenty years old proves to be a derivative. 
By such results new fields of investigation are opened up, and 
direct methods for the production of chrysaniline suggest them- 
selves. Even the practical requirements would be satisfied if it 
could be shown that the colour could be manufactured cheaply 
by a direct synthesis, instead of depending, as heretofore, upon 
the small and capricious secondary product of the magenta 
manufacture. As a matter of fact several syntheses of chrysani- 
line have been effected, one of which forms the subject of a 
patent (German Patent, 29142, April 1884) by Messrs. Ewer 
and Pick, of Berlin. Into the mode of preparation by this 
patented process I cannot now enter any further than by merely 
stating that nitrodiphenylamine and nitrobenzoylchloride form 
the starting-points, and that the specification bears the title— 
“Preparation of chrysaniline and other colouring-matters of the 
phenylacridine group.” If an elaborate scientific investigation 
culminates in a patent, its utility will, I know, be conceded by 
many for whom the work would otherwise haye possessed no 
particular interest. 

The illustration which I have given is a typical example of 
the kind of scientific development which is being carried on by 
our chemical colleagues abroad, and which is being taken advan- 
tage of in the Continental factories. I do not wish to give you 
the impression that the particular colouring-matters dealt with 
are of supreme importance industrially—they are of considerable 
importance, but the modern history of any other colouring- 
matters would have been equally instructive. The beautiful 
researches of Bernthsen upon the constitution of methylene blue, 
would have done equally well had time permitted of my making 
use of them. It seemed to me more appropriate to this Section 
of the Society of Arts to give a somewhat detailed account of 
one particular series of investigations, rather than to take a skim 
over the mere surface of the enormous field which the coal-tar 
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colour industry now offers. The case considered at any rate 
presents the advantage of not being too hackneyed, and this will 
be sufficient excuse for having made use of it. 

It was stated at the commencement of this paper that there is 
reason to believe that our supremacy in the coal-tar colour 
industry has, for some years, been declining, and I have further 
expressed my belief that the chief cause of this falling off is the 
subordinate position given to chemical science in this country as 
compared with the status of this science abroad. Whether this 
explanation be accepted or not, the fact of the decadence of the 
manufacture remains, and I am in a position to bring this un- 
pleasant truth home to our countrymen by a strong body of 
evidence. It must be borne in mind that the decline of any 
industry cannot be measured by the absolute weight of the pro- 
ducts turned out annually, because the demand for the products 
in question may be on the increase, and we may be actually 
producing a greater weight of colours now than we were during 
our most successful period. The whole question is a relative 
one—it is simply how much material are we now turing out as 
compared with the amount produced by our competitors—what 
proportion of coal-tar products do we supply for our own and 
foreign consumption ? In order to answer this question with some 
approach to numerical exactness, it occurred to me that the most 
trustworthy information could be obtained from the consumers 
themselves ; and through the kindness of Mr. Robert Pullar, of 
Perth, and Mr. Ernest Hickson, of Bradford, I have been 
enabled to put myself into communication with several of the 
representative dyeing an | printing establishments of this country. 
The facts obtained, as showing the actual state of the industry 
at the present time, appear to me of sufficient interest to be 
given here in some detail. I may take the present opportunity 
of stating that my application for statistical information has been 
most courteously responded to by the various firms, to whom I 
have great pleasure in returning my thanks. 

Edward Ripley and Son, of Bradford, perhaps the largest 
dyers of piece-goods in the kingdom, inform me that during the 
year 1885 they used 864 per cent. of foreign coal-tar colours, 
and 13% per cent. of English make. 

Walter Walker and Son, of Dewsbury, dyers of wool for rugs, 
mats, carpet yarn, and blanket stripes, estimate that during 1885 
they used 80 per cent. of German dyes. They state that the 
exact proportion is difficult to estimate, so that the figure given 
is only approximative. Referring to their larger consumption 
of foreign colour they state :—‘‘It is very discouraging to have 
to do this and send the trade out of our country, but to our own 
interest and advantage we have to do it.” 

John Newton, silk dyer, Macclesfield. Mr. Walter Newton, 
F.C.S., informs me that during 1885 they used 80 per cent. of 
foreign colour. He adds :—‘‘The rapid advancement in the 
improved manufacture of some of these dyes by the Germans is 
the only cause of our desertion from the English colour-manu- 
facturer.” 

G, W. Oldham, silk dyer, of Netherton, near Huddersfield, 
informs me that during 1885 he used 2000 lbs. of German dyes, 
1100 lbs. of English dyes, and 800 lbs. of doubtful origin. 
James Templeton and Co., of Glasgow, state that they dye as 

much as 30,000 lbs. of yarn (chiefly worsted) weekly, but they 
use only a small proportion of coal-tar dyes, all of which are of 
German manufacture. 

Messrs. Leckie and MacGregor, of Paisley, inform me that in 
the west of Scotland, including Glasgow and Paisley, they are 
certain that at least 90 per cent. of the dyes used come from the 
Continent. Their own consumption of English colour only 
reached 6°8 per cent. 

Alexander Harvey and Son, of Glasgow, yarn dyers, state 
that during 1885 they used 60 per cent. of German and 40 per 
cent. of English dyes. These figures do not include alizarin, of 
which they state that they used about equal quantities of German 
and English make. The English supply is chiefly made up of 
one article, ‘‘ aniline salt.’’ They add :—‘‘ We find the German 
makes in general of better value than the British, as our rule is, 
ceteris paribus, to give the home-make the preference.” 

Messrs. Manson and Henry, Glasgow, yarn dyers, state that 
they use only German dyes, adding that they find it to their 
advantage ‘‘ for both cheapness and quality.” 
Among the largest consumers of coal-tar colours in this 

country are the jute dyers.. As representing this department of 
the tinctorial industry, Messrs. James Stevenson, of Dundee, 
inform me that during 1885 they used only 7°7 per cent. of 
English colour. They have been good enough to supply the 
fo'lowing analysis of their consumption :— 

Scarlet «+» 37 per cent., of which nothing is English. 
Grimson. 2.) se.) 16) AA 64 ” 
Blues So soe LO 1Ay ” nothing ,, 
Oxangesics- serene ene ” “05 ” 
Greens; 2a nome: 7 as nothing ,, 

Magenta (residues) 6°5 > ” ” 
Maroon ... 55 ” ” ” 
Pink 2°75 ” ” ” 
Srown 1°25 a5 1°25 ” 

Violet I 0 nothing ,, 
Various ... o5 ” > ” 

100°0 Tid, 

Messrs. Cox Bros., of the Camperdown Jute Works, Lochee, 
state that practically the whole of the ‘‘ aniline” colours used 
by them are of Continental manufacture. 

With reference to the calico printers, the following facts have 
been collected :— 

Messrs. Z. Heys and Sons, of Barrhead, state that during 
1885 they used over 10,000 lbs. weight of colours (exclusive of 
alizarin), of which 700 Ibs. only were of English make. 

Messrs. James Black and Co., of Bonhill, Dumbartonshire, 
state that in their belief more than one-half of the colour used by 
calico printers is of foreign manufacture. 

In the course of the present inquiry, it seemed desirable to 
obtain information concerning the consumption of alizarin, with 
reference to which the following statements have been 
received :— 

Messrs. Walter Crum and Co., of Thornliebank, Glasgow, 
are of opinion that ‘‘the great bulk of what is used in this 
country is manufactured in Germany.’’ They do not profess to 
be able to give actual figures having any approach to accuracy. 

Mr. John Christie, of the Alexandria Turkey-Red Works, 
Dumbartonshire (John Orr, Ewing, and Co., states that they 
use only artificial alizarin in their establishment, their consump- 
tion being considerably over 2,000,000 Ibs. weight of ro per 
cent. paste annually. Their consumption was, in— 

1880 ... 98 percent. German ... 2 per cent. English 
TSSTa es. 99 39 ” pao) ” ” 

1882 . I00 » 9 cast 0) ” ” 

1883 The phe 9 ”? oa 23 ” 9) 

1884... 56° 5, Op son A ap fe 
LOSS eset 47, 99 9 --» 53 ” ” 

Messrs. William Stirling and Sons, of Glasgow, state that 
their relative consumption of English and German alizarin 
for Turkey-red dyeing varies so much from year to year that 
they have no means of directly supplying useful data. This firm 
has, however, been good enough to make inquiries for me from 
a competent authority, who has furnished the following report :— 

“In 1883 and 1884 I-estimate that the sales in the United 
Kingdom amounted to a monthly average of about 530 tons, 10 
per cent. (say 6360 tons, IO per cent. per annum). Of this 
quantity I estimate about 30-33 per cent. was manufactured in 
this country. Taking 1884 alone, the figures are estimated at 
566 tons, Io per cent. per month (say 6800 tons, 10 per cent. 
per annum). Proportion manufactured in Great Britain, say 
about 30-35 per cent. In 1886 the consumption may be esti- 
mated at 550-600 tons, 10 per cent. per month (say 6900 tons, 
IO per cent. per annum). Proportion manufactured in this 
country probably now very considerably more than 35 per cent.” 

This estimate of the total consumption (550-600 tons, IO per 
cent. per month) is confirmed by my friend Mr. Thomas Royle, 
F.C.S., of the British Alizarin Company’s works at Silvertown, 
but he is of opinion that 50: per cent. of this is of English 
manufacture. 

By way of further confirmation, it appeared to me to be de- 
sirable to get the opinion of manufacturers themselves, and 
aithough this has been a matter of considerable difficulty, I am 
able to give some kind of an estimate. Mr. Ivan Levinstein, of 
Manchester, estimates that Germany produces :— 

Colours derived from benzene and toluene, six times more than 
England. 

Colours derived from naphthalene, seven times more than 
England. 

Colours derived from anthracene, five times more than 
England. ‘ 

The average production of Germany is thus about six times 
that of this country. Mr. W. A. Mitchell, of the firm of W. 
C. Barnes and Co., Phoenix Works, Hackney Wick, informs 
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? me that of some 159 tons of ‘‘aniline” dyes which passed 
through their hands as agents last year, 95 per cent. were of 
Continental make. With reference to the two chief raw mate- 
rials, benzene and aniline, this same firm estimates that about 
75 per cent. of the whole quantity of these products made in 
England goes to the Continent.? 

The facts and figures which I have now laid before you must 
be left to tell their own story—time will not permit me to 
attempt any analysis of them. The evidence collected will at 
any rate give a much more forcible idea of the true state of the 
coal-tar colour industry in this country than has hitherto been 
attempted, and if this evidence goes against us as a manufactur- 
ing nation, it is all the more desirable that our true position 
should be realised. I find that it is almost impossible to give a 
correct numerical expression in pounds sterling for the annual 
value of this industry to the country, as the estimates vary within 
very wide limits. According to Dr. Perkin, whose opinion on 
this matter will perhaps carry the greatest weight, the value of 
the annual output is between 3,000,000/, and 4,000,000/. That 
the industry is one of considerable importance on the Continent 
may be gathered from the official returns relating to the German 
exports. For the following figures I am indebted to Dr. H. 
Caro, of the ‘‘Badische Anilin und Soda Fabrik,” Ludwigs- 

hafen on Rhine :— 

Exported from Germany, from Fanuary 1 to December 31, 
1885 

Alizarin paste (? per cent.) 4283 tons 
Aniline and intermediate products My fie) 5, 
Aniline, &c., colours 4645 5, 

Dr. Caro adds that it is generally believed that about four- 
fifths of the entire German production are exported. 

The magnitude of this branch of chemical industry abroad 
will be gathered from the fact that a German factory of about 
the third magnitude consumes at the present time between 500 
and 600 tons of aniline annually. According to information 
recently furnished to me from the two largest of the German 
factories, the Badische Company employ 2500 working men and 
officials, and the Hoechst Colour Works (formerly Meister, 
Lucius, and Briining) 1600 working men and fifty-four chemists. 
Tt must, of course, be borne in mind that in these factories the 
products are not ‘‘aniline” colours only, but alizarin, acids, 
alkalies, and all chemicals required in this branch of manu- 
facture. 

The industry which has been selected for this evening’s topic 
is thus not only an important one in itself, but for us, as 
chemists, its development is fraught with meaning both scien- 
tifically and educationally. In taking up this subject it has not 
been my desire to exalt the coal-tar colour industry to a position 
of undue importance, nor do I wish it to be inferred that the 
remarks which I have made concerning its decadence, or at any 
rate stagnation, in this country are applicable to this manufac- 
ture only. The failure on our part to grasp the true spirit of 
chemical science in its relation to our manufactures makes itself 
felt in every industry in which chemistry is concerned. The 
strength of our competitors is in their laboratories, and not, as 
here, upon the exchanges. It is only by showing up our weak- 
ness in each industry that the state of affairs can be remedied, 
and our prestige as a manufacturing country restored. If each 
specialist would do for his industry what I have here attempted 
to do broadly for the coal-tar colour industry, we should get 
together a body of evidence which the Royal Commissioners on 
the depression of trade would do well to take into consideration. 
We have heard a great deal of late years about the subject of 
technical education, but the talk has been rather one-sided. We 
have had utterances from those who, recognising the enormous 
importance of this subject to the country, have munificently 
endowed those institutions for the promotion of technical educa- 
tion which are springing up around us; we have had all kinds 
of schemes from those who are taking upon themselves the 
duties of technical educators, but it appears to me that we have 
not heard with sufficient distinctness the voices of those who 
may be presumed to suffer most from the want of technical edu- 
cation, viz. the manufacturers themselves. I have heard rumours 
of the existence ofa certain class of manufacturer—let us hope a 

T According to a later estimate, kindly supplied by Mr. Ivan Levinstein, 
the quantity of benzene and toluene used in this country amounts to about 
500,000 gallons, and that used in Germany to about 2,000,000 gallons annu- 
ally. About half the English production is, however, exported as aniline, 
toluidine, and aniline salt, while Germany converts into colouring-matters at 
least 1,600,000 gallons of these hydrocarbons. 

rare species—who declares that science is no use to him, and 
that he can get along better without it. I must confess that I 
never met this individual in the flesh, but I know that he exists 
in some of our manufacturing centres. As a species he is, how- 
ever, doomed to extinction in the struggle with his competitors, 
and we may consider him out of court in the discussion of 
schemes of technical education. It is now generally admitted 
that the days of empiricism have passed away, and most manu- 
facturers admit that present success and future development 
depend upon a proper recognition of technical, ze. of applied 
science. But unless the manufacturers themselves speak loudly 
on this question, the voices of those who wish to promote 
scientific education may be drowned by the clamour of mere 
theorists. 

In no other department of our manufactures is the want of 
technical science more felt than in the chemical industries. We 
not only see this in the greater development of these industries 
abroad, but in some of our most successful factories here—and 
this applies more especially to the coal-tar colour industry— 
foreign chemists are employed, and as I have lately been in- 
formed by a well-known manufacturer, it is even impossible to 
get the necessary plant properly made in this country. There 
is no doubt that the recondite character of the truths of chemical 
science, as compared with the more obvious truths of mechanics 
and physics, has much to do with the want of popularity of this 
branch of knowledge, and is responsible for the circumstance 
that our science is regarded with comparative indifference until 
some branch of manufacture is 7 extremis. In our national 
characteristic of being ‘‘ practical,” we are apt to become short- 
sighted in our manufacturing policy, and to recognise only 
actualities, to the exclusion of the potentiality conferred upon a 
nation by a broader scientific culture. 

In conclusion, I have to express my thanks to Messrs. Brooke, 
Simpson, and Spiller; Messrs. Burt, Bolton, and Haywood ; 
and to the British Alizarin Company for the fine series of speci- 
mens now exhibited. For the beautiful specimens illustrating 
the Continental manufacture, I am especially indebted to the 
Badische Anilin and Soda Fabrik, of Ludwigshafen on Rhine, 
and to the Hoechst Colour Works. The series of patterns dyed 
with known weights of fifty distinct coal-tar colours were pre- 
pared by Mr. Ivan Levinstein for the lecture recently delivered 
at the Royal Institution by Sir Henry Roscoe, to whom I am 
indebted for being able to show them on the present occasion. 

DRYING UP OF SIBERIAN LAKES 

ae rapid drying up of lakes in the Aral-Caspian depression, 
in so far as it appears from surveys made during the 

last hundred years, is the subject of a very interesting and im- 
portant paper contributed by M. Yadrintseff to the last issue of 
the Zzvestia of the St. Petersburg Geographical Society (vol. 
xxii. fasc. 1). Two maps, which will be most welcome to 
physical geographers, accompany the paper. One of them 
represents the group of lakes Sumy, Abyshkan, Moloki, and 
Tchany, in the Governments of Tobolsk and Tomsk, according 
to a survey made in 1784. The other represents the same 
lakes according to three different surveys made during our 
century, in 1813 to 1820, in 1850 to 1860, and finally in 1880, 
and it shows thus the rapid progress of drying up of these lakes. 
There are also earlier maps of Lake Tchany, which represent 
it as having very many islands (Pallas estimated their number at 
seventy), but they are not reliable. As tothe map of 1784, 
no cartographer, accustomed to distinguish ‘‘nature-true”’ maps 
from fancy ones, would hesitate in recognising it as quite 
reliable as to its general features. It is also fully confirmed by 
the ulterior detailed surveys dating from the beginning of our 
century. It appears from this series of four maps, dating from 
different periods, that the drying up has gone on at a speed 
which will surely appear astonishing to geographers. The 
group of lakes consisted of three large lakes—Sumy, Abyshkan, 
and Tchany, with a smaller lake, Moloki, between the two 
latter. Lake Tchany (the largest of the three) has much dimin- 
ished in size, especially in its eastern and southern parts ; but 
the greatest changes have gone on in the other lakes. Whole 
villages haye grown on the site formerly occupied by Lake 
Moloki, which had a Jength of twenty miles at the end of last 
century, and now is hardly three miles wide. Of Lake 
Abyshkan, which had a length of forty miles from north to 
south, and a width of seventeen miles in the earlier years of this 
century, and whose surface was estimated at 530 square miles, 
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only three small ponds have remained, the largest of them being 
hardly one mile and a half wide. The drying up has been 
going on with remarkable rapidity. Even twenty-five years 
ago there were several lakes ten and eight miles long and wide, 
where there are now but little ponds. Lake [chebakly, which 
was represented in 1784 as an oval forty miles long and thirty 
miles wide, has an elongated irregular shape on the map of the 
beginning of our century ; it measures, however, still forty miles 
in length, and its width varies fron seven to twenty miles; 
while several small lakes to the east of it show its former extension. 
Thirty years later we find in the same place but a few small 
lakes, the largest of which hardly has a length and width of 
three miles; and now, three small ponds, the largest of them 
having a width of less than two miles, are all that remain of 
a lake which covered about 350 square miles a hundred years ago. 
The same process is going on throughout the lakes of West 
Siberia, and throughout the Aral-Caspian depression, No 
geologist doubted upon, but we cannot but heartily thank M. 
Yadrintseff for having published documents which permit to 
estimate the rapidity of the process. pak. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

WE understand that Mr. Granville Cole has been appointed 
to the Professorship of Geology at the Bedford College, London, 
and Miss C, A. Raisin to the Demonstratorship in Botany at 
the same institution. 

SCIENTIFIC SERIALS 

THE Fournal of Botany.—The number for July commences 
with the first part of an important article (illustrated), by Messrs. 
Roy and Bisset, on Japanese Desmids, chiefly obtained from a 
lake in the Island of Yesso. The majority of the forms obtained 
are cosmopolitan, but some of them of great rarity in Europe. 
There are also some new species. Papers follow on British 
Rubi, on the Rubi of Somersetshire, and on the flora of St. 
Kilda. 

American Fournal of Science, July.—Memorial of Edward 
Tuckerman, by Asa Gray. This botanist, who was born in 
Boston, December 7, 1817, and died March 15, 1886, was dis- 
tinguished especially in the field of lichenology, to which he 
devoted most of his life. He was the author of a ‘‘ Synopsis of 
the Lichens of New England, the other Northern States, and 
British America,” of ‘‘Lichenes Americ Septentrionalis 
exsiccati” (3 vols.), and many other papers on this branch of 
botany, in which he has left behind him no superior.—Notes on 
American earthquakes (No. 15), by Prof. C. G. Rockwood, jun. 
This fifteenth paper of the series gives a summary of such infor- 
mation as the author has been able to gather on the earthquakes 
of North and South America during the year 1885. It tabulates 
seventy-one shocks, classed according to their intensity as very 
light, light, moderate, strong, severe, or destructive. Of these 
as many as thirty-four occurred on the Pacific coast of the 
United States, where the Bay of San Francisco appears to be a 
chief centre of seismic disturbance.—Observations on the 
Tertiary and Grand Gulf of Mississippi, by Dr. Otto Meyer. 
The author finds no place where Grand Gulf strata overlie the 
Marine Tertiary, although there are two districts where strata 
undistinguishable from unquestioned Grand Gulf are overlain by 
Marine Tertiary. The Grand Gulf is not, generally speaking, 
a marine formation, for it contains fresh-water shells. In 
Eastern Mississippi occurs a thick and extended marine green- 
sand formation parallel to the strata immediately below the 
Claiborne profile. Its fauna is Claibornian, but approaches 
the Jacksonian.—Notes on the volcanic rocks of the Re- 
public of Salvador, Central America, by Arnold Hague and 
Joseph P. Iddings. This study is based on specimens gathered 
by Mr. W. A. Goodyear in the course of his explorations in 
Salvador. They are of a highly diversified character, ranging 
from very basic to highly acidic forms, from rocks rich in 
olivine to others abounding in quartz, and may be classified 
under the heads of basalt, pyroxene-andesite, hornblende-pyro- 
xene-andesite, hornblende-mica-andesite, dacite, and possibly 
rhyolite, basalt and dacite being best represented. Nearly all have 
their counterpart in Nevada, although there occur many varieties 
in Nevada not found in the limited series from Salvador.— 
The genus Strephochetus: di-tribution and species, by Henry 
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M. Seely. Since reporting last fyear the presence of the fossil 
sponge, Strephochetus occellatus, at one or two places in Vermont 
and New York, the author has traced it to many other districts 
in those States. To the type of the genus, S. occel/atus, he now 
also adds three new species—S. drainerdi, S. atratus, and S. 
richmondensis.—Preliminary report on the geology of the Cobs- 
cook Bay district, Maine, by N. S. Shaler. This paper, pub- 
lished by permission of the Director of the U.S. Geological 
Survey, gives a portion of the general results of two months’ 
exploring work on the shore-line of Cobscook Bay during the 
summer of 1884. 
as throwing light on the position of the shore-line in past times. 
A conglomerate apparently of the Clinton or Niagara age on 
the west side of South Bay seems to show that the shore in 
this district was not far away during a portion of the time when 
the Cobscook series was forming. In the age of the Perry sec- 
tion there is also evidence that the coast was near its present 
position and that the rocks exposed to erosion were chiefly of 

The fossiliferous strata have a special interest 

A 

6 

4 

the Laurentian epoch.—On the well-sperometer, by Alfred M, — 
Meyer. 
tions, has for the last ten years been used by the author in his 
laboratory for the purpose of measuring the radius of curvature 
of a lens of any linear aperture.—On some general terms applied — 
to metamorphism and to the porphyritic structure of rocks, by 
James D. Dana. The three recognised forms of metamorphism 
are described and characterised as‘(t) crystallinic ; (2) para- 
morphic ; (3) metachemic. A full terminology of porphyritic 
varieties is given, based in plan on such terms as orthophyre, 
augitophyre, &c. 

Bulletin de ? Académie Royale de Belgique, May.—On the 
transparency of platina, by Ed. van Aubel. After ascertaining 
by experiment that a sheet of cobalt, iron, or nickel obtained by 
electrolysis on a transparent sheet of silver, is not really trans- 5 
parent, as is now generally assumed, the author here endeavours — 
to settle the question as regards mirrors of platina chemically 
produced, that is, by a deposit of platina on a sheet of glass, and 
the transparency of which is admitted by Kundt. Working 
witha large mirrorsupplied by Paul Lohmannof Berlin, from whom 
Kundt also obtained those used by him, M. van Aubel found, 
by means of spectroscopic observations, that the metal of these 
mirrors is not really transparent, the light merely filtering 
through the interstices left between the particles of platina de- — 
posited on the surface.—A contribution to the study of the salts 
of platina, by M. Eugéne Prost. The author deals especially 
with the action of nitric acid and of perchloric acid on platinic 
hydrate, and with the action of nitric acid on the precipitated 
bisulphuret of platina, his object being to form the so-called 
normal platinic nitrates, perchlorates, and sulphates. Failing to 
obtain these substances, he endeavoured to get double salts of 
normal composition by combining them with alkaline salts 
having corresponding acids. The results show that all the com- 
pounds thus obtained still correspond with basic platinic salts, — 
so that it would so far appear that a normal platinic nitrate can- 
not be obtained.—On the unstable equilibrium of the surface- 
layer of a fluid, by G. van der Mensbrugghe. 
stability of surface-layers exposed to the free action of the atmo- 
sphere is demonstrated on theoretical grounds. From this~ 
theory the author proposes in another paper to deduce the exist- 
ence of superficial tension on the free surface of a fluid, or on 
the surface common to two fluids, or to a fluid and solid, thence 
deriving a rational explanation of the phenomenon of evapora- 
tion.—On the heat of the alloys of lead and tin, by W. Spring. 
Continuing the researches of Ermann, Rudberg, Regnault, 
Wiedmann, and others, the author seeks to determine for re- 
stricted intervals of temperature the total heat of these alloys 
relatively to that of their constituents. Further light is thus 
thrown both on the constitution of these bodies, and on the 
question why their point of fusion is lower than that of their 
constituents. 

Rendiconti del Reale Istituto Lombardo, June.—On some un- 
conscious intervals in a co-ordinate series of psychic acts, by 
Tito Vignoli. The object of this essay is to ascertain experi- 
mentally whether in the co-ordinate exercise, or logical sequence, 
of thought, it sometimes happens that some of the connecting 
links of the argument are supplied unconsciously. Several in- 
stances are quoted, together with the author’s personal expe- — 
rience, showing that this really is the case. It is incidentally 
argued that, in its complexity, the brain is a large organ of com- 
pensation, so that, if any of its parts in which special functions 
are localised become disturbed or injured, these may, within 

The absolute in- — 

The instrument here described, with numerous illustra- 
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certain limits, be replaced by others, immediately if the lesion 
be slight, gradually if serious. — A contribution to the theory of 
quadratic forms, by G. Morera. 

~ July.—A case of extraordinary hirsuteness, by Prof. Giovanni 
Zoja. The author refers briefly to a Spanish girl observed by 
him at Pavia in 1881, who was above the average height, yet 
whose hair, when unbound, swept the ground by several centi- 
metres. Some of the tresses measured 180 to 187°3 centimetres, 

-—Meteorological observations made at the Brera Observatory, 
Milan, during the month of June. 

. 

SOCIETIES AND ACADEMIES 

SYDNEY 

_ Royal Society of New South Wales, May 5.—Annual 
Meeting.—Prof. Liversidge, F.R.S., President, in the chair.— 
The President stated that 27 new Members had been elected 
during the year, and the total number on the roll April 30 
“was 492. The Clarke Medal for the year 1886 had been awarded 
to Prof. L. G. de Koninck, M.D., of Liége, in recognition of 
his distinguished scientific attainments, and more particularly of 
his valuable contributions to our knowledge of the Palzeozoic fos- 
sils of New South Wales. During the year the Society held eight 
meetings, at which the following papers were read :—Presiden- 
tial Address, by H. C. Russell, B.A., F.R.A.S.—Notes on 
flying-machines, by L. Hargrave.—On a system of accurate 
measurement by means of long steel ribands, by G. H. Knibbs. 
—Local variations and vibrations of the earth’s surface, by H. 
C. Russell, B.A., F.R.A.S.—Some causes of the decay of the 

Australian forests, by Rev. P. MacPherson, M.A.—The history 
of floods in the Hawkesbury River, by J. P. Josephson, 
A.M.1I.C.E.—The Ringal of the North-Western Himalaya, by 
Dr. Brandis, F.R.S. (communicated by Baron von F. Miiller, 
K.C.M.G., F.R.S.).—Notes on experiments in mounting the 
Amphiplcura pellucida in media having a higher refractive index 
than Canada balsam, by Dr. W. Morris, F.R.M.S.—Notes on 
the characters of the Adelong Reefs, by S. H. Cox, F.C.S., 
F.G.S.—Stone implements of the aborigines of Australia and 
some other countries, by Rey. P. MacPherson, M.A.—On a 
form of flying-machine, by L. Hargrave.—On a new form of 
anemometer, by H. C. Russell, B.A., F.R.A.S.—The Medical 
Section held eight meetings, at which eighteen papers were 
read, and the Microscopical Section eight, at which three papers 
were read. The number of donations received was 1420 volumes 
and pamphlets, and 310/. expended in the purchase of books, &c., 
for the library. The Society has issued the following list of 
subjects, with the offer of the Society’s bronze medal anda prize 
of 257. for each of the best researches if of sufficient merit :— 
Series vi. to be sent in not later than May 1, 1887 ; (No. 20) on 
the silver ore deposits of New South Wales ; (No. 21) origin 
and mode of occurrence of gold-bearing veins and of the asso- 
ciated minerals ; (No. 22) influence of the Australian climate in 
producing modifications of diseases ; (No. 23) on the Infusoria 
peculiar to Australia. Series vii., to be sent in not later than 
May 1, 1888: (No 24) anatomy and life-history of the Echidna 
and Platypus; (No. 25) anatomy and life-history of Mollusca 
peculiar to Australia ; (No. 26) the chemical composition of the 
products from the so-called Kerosene Shale of New South 
Wales.—The following Officers and Council were elected for 
the ensuing year :—President: C. Rolleston, C.M.G. ; Vice- 
Presidents: H. C. Russell, B.A., F.R.A.S.; Dr. Leibius, 
M.A. 3; Hon. Treasurer: R. Hunt, F.G.S. ; Hon. Secs. : Prof. 
-Liversidge, F.R.S.; F. B. Kyngdon, F.R.M.S. ; Council: 
Hon. Dr. C. K. Mackellar, A.M., M.L.C. ; C. Moore, F.L.S. ; 
P. R. Pedley, Dr. J. Ashburton Thompson, C. S, Wilkinson, 
¥F.G.S.; Dr. H. G. A. Wright. 

PARIS 

_ Academy of Sciences, July 26.—M. Jurien de la Graviere, 
President, in the chair.—On the quantitative analysis of 
ammonia, by M. Th. Schlcesing. The author’s process of 
analysis, based on distillation in presence of magnesia, having 
een questioned by M. Berthelot and others, he has made some 

fresh experiments, here described, which fully confirm the 
accuracy of the results already obtained.—Observations on the 

oldest sedimentary groups in the north-west of France, by M. 
Hébert. The region here dealt with is the northern section of 

Brittany and Normandy, where the most ancient sedimentary 

rocks are the clay-slates of Saint-Lé and the widely diffused 
purple conglomerates. The former, which are quite distinct 
from the mica-schists, gneiss, and other primitive crystalline 
schists, form the fundamental feature throughout the department 
of La Manche, stretching far eastwards into Calvados, and west- 
wards into Brittany. They assume almost everywhere a vertical 
or nearly yertica) disposition, and are remarkably homogeneous, 
being almost totally destitute of any organic remains. The 
whole system seems to be posterior to the granitic pudding of 
Granville.—On the meteorological station of |’Aigoual, by 
M. F. Perrier. Since the beginning of July this station has 
been in full activity, and has been furnished by M. Houdaille, 
of Montpellier, with maxima and minima thermometers, a psy- 
chrometer, an evaporometer, and a registering hygrometer. In 
the neighbourhood other instruments have been fitted up, in- 
cluding Tonnelot and Richard barometers, a large pluviometer, 
and a Campbell heliograph. Regular observations have already - 
begun to be taken on this peak, which stands at an altitude of 
1567 metres above sea-level, on the water-parting between the 
Atlantic and Mediterranean basins. The present temporary 
erections will soon be replaced by a solid structure, for which a 
grant of 4800/. has been made by the Minister of Agriculture.— 
Remarks accompanying the presentation of vol. xii. of the 
“‘ Mémorial du Dépét de la Guerre,” by Col. F. Perrier. The 
first part of this volume describes the instruments and apparatus 
employed in the various geodetic operations connected 
with the new measurement of the meridian of Paris, with 
an exposition of the methods of observation. In the second 
are embodied all the observations taken from 1871 to 1884 
between Perpignan and Paris by MM. Perrier, Bassot, and 
Defforges, at seventy-two stations belonging to the meridian of 
France.—Note on Gen. Meusnier’s projected aérostatic machine, 
by M. Létonné. The album here referred to is a photographic 
reproduction of an atlas now in the military aérostatic establish- 
ment of Chalais (Meudon), and containing sixteen plates of 
designs relative to a projected aérostatic machine prepared by 
Gen. Meusnier between the years 1784 and 1789. Eight tables 

are added, giving the coefficients of resistance of various sub- 
stances suited for the construction of this machine.—On the 
pressure that exists in the contracted section of a gaseous cur- 
rent, by M. Hugoniot. This paper is supplementary to that 
inserted in the Comftes rendus of June 28, showing that the 
results of M. Hirn’s experiments on the flow of gases are in 
harmony with the laws of hydrodynamics and with the formula 
of Weisbach or Zeuner, which is a direct consequence of those 
laws. Some objections ratsed by M. Hirn himself are here dis- 

posed of, and the general conclusion confirmed by fresh argu- 

ment.—On the velocity of light in the sulphuret of carbon, by 

M. Gouy. The experiments here described have been carried 

out with a revolving mirror analogous to that of Foucault, and 

capable of 800 revolutions per second by means of compressed 

air. The results correspond with those recently obtained by 

Mr. Michelson (American Fournal of Science, and NATURE, 

March 11and April 22, 1886).—Note on the construction of an 

absolute electrometer adapted for the measurement of very high 

potentials, by MM. E. Bichat and R. Blondlot. By an im- 

provement introduced into the construction of their already 

described electrometer, the authors haye produced an instruinent 

possessing absolute sterility and capable of measuring potentials 

corresponding to explosive distances of 2°5 centimetres. — A 

model of the apparatus has been constructed by M. D. Gaiffe, 

of Nancy.—On the slow decomposition of the chlorides in their 

extended dissolutions, by M. G.rFoussereau. Further experi- 

ments with the chlorides of aluminium and magnesium, with the 

double chloride of rhodium and sodium, the bichloride of platina 

and the sesquichloride of gold show that the recently described 

phenomenon of decomposition probably extends to a numerous 

class of chlorides.—On the definition of the coefficient of self- 

induction in an electro-magnetic system, by M. G. Cabanellas. 

—On the numerical laws of chemical equilibria, by M. H. Le 

Chatelier, The formula for the numerical law of the chemical 

equilibrium of a gaseous system, 

agin” = 273 Q = co: 7 ‘ 

log gp"... Dp ae met const., 

announced by the author in the Comptes rendus for November 

16 and December 28, 1885, is here established by rigorous de- 

monstration.—Fresh experiments on the decomposition of hydro- 

fluoric acid by an electric current, by M. H. Moissan. These 

experiments show conclusively that the gas separated by electro 
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lysis from anhydrous hydrofluoric acid or from the hydrofluorate 
of fluoride is fluor, as already anticipated. —On the separation of 
antimony from tin, by M. Ad. Carnot. This difficult process 
has been successfully accomplished by a method analogous to 
that already employed by the author for the separation of zinc 
and cadmium. It is based on the simultaneous employment of 
oxalic acid and of the hyposulphide of soda.—On the man- 
ganites of soda, by M. G. Rousseau. —On the determination of 
the absolute acidity of the fluids present in the organism, and 
on some phenomena connected with the saturation of ortho- 
phosphoric acid, by M. Ch. Blarez. From the experiments here 
described it is inferred that the exact determination of the abso- 
lute basic property of phosphoric acid is impossible, there being 
nothing absolute in this property itself; also that it is impossible 
to determine the absolute acidity of the animal fluids, of whose 
constituent principles phosphoric acid and the phosphates form 
part.—On some thermic data relating to the chromates, by M. 
Paul Sabatier.—Thermic researches on the seleniures, by M. 
Charles Fabre. The author here deals with the heat of forma- 
tion of the seleniure of dissolved ammonium, and with some 
problems connected with the seleniures of lithium.—Researches 
on some crystallised basic sulphates, by M. Athanasesco. By 
employing the process used by Friedel for the artificial reproduc- 
tion of brochantite, the author has succeeded in obtaining fine 
crystallised subsulphates of cadmium, zinc, alumina, iron, and 
uranium. By a slightly modified process he afterwards obtained 
some subsulphates of nickel, cobalt, mercury, and bismuth.— 
Researches on some crystallised arseniates, by M. Coloriano 
All these arseniates, except the bibasic, are insoluble in water, 
and resist the acids. They were obtained by the various pro- 
cesses of Debray, Friedel and Sarasin, Verneuil and Bourgeois. 
—On a nitrated camphor and its saline and alcoholic combina- 
tions, by M. P. Cazeneuve.—Discussion on the reactions of 
pilocarpine, by MM. E. Hardy and G, Calmels.—Physiological 
function of the pulmonary tissue in the exhalation of carbonic 
acid, by M. L. Garnier.—On a universal chromatometer, by M. 
L. Andrieu (de l’Etang). The apparatus here described and 
illustrated is intended to define and measure the colours of 
liquids by giving them numerical expression.—On the Anguillules 
of smut, by M. G. Pennetier. From his recent experiments the 
author concludes that these parasites preserve the vital spark for 
a period of fourteen years, but no longer.—On the milky secre- 
tion of pigeons during incubation, by MM. Charbonnel-Salle 
and Phisalix.—Researches on the structure of the brain of the 
Myriapods, by M. G. Saint-Remy.—Researches on the Miocene 
vegetation of Brittany, by M. Louis Crié.—On the picturesque 
group of rocks collectively known by the name of Montpellier- 
le-Vieux (Aveyron), by M. E. A. Martel. 

BERLIN 
Physiological Society, July 2.—Dr. Joseph reported on 

the results of experiments instituted with a view to ascertaining 
the influence of the nerves on the skin. Following up the ex- 
periments of Waller, he had excised a somewhat large piece of 
the second cervical nerve peripherically from the ganglion, and 
a few days thereafter had observed behind the ear of the side 
operated upon a perfectly circumscribed place on which the hairs 
had fallen out, but which, beyond the baldness, showed no 
symptom of change. The cutting through of the posterior root 
of the cervical nerve had not the same effect, but the extirpation 
of the second cervical ganglion had that result. The micro- 
scopical examination of the hairless spots showed absence of hair 
papille and of the hair root, while the other constituents of the 
skin remained unchanged. No abnormal vascularisation of the 
spots in question nor of the ears generally was observed. Seeing 
that the protected situation of the depillated spot and the pre- 
sence of sensibility went to disprove the idea of a mechanical 
removal of the hairs, while the result of the anatomical examina- 
tion attested that the hairs were exclusively affected without the 
vascular system having undergone any essential alteration ; the 
speaker was therefore of opinion that the results of his investiga- 
tions might be taken as demonstration of the existence of 
trophical nerves. After the separation of the peripherical nerve 
no change in the ganglion was ever observed, whereas the 
dissection of the posterior root gave rise to atrophy.— 
Dr. H. Virchow next demonstrated four drawings represent- 
ing the incurvations of the vertebrate columns of different 
human types and manifesting the surprisingly great differ- 
ences obtaining- among the normal vertebrate columns of a 
Russian, an Italian, a male German existing in model, 
and a pregnant German wife. From these fagures it was to be 

concluded that the breadth of the normal fluctuations of these 
incurvations was great. On the study of the vertebral column it 
was to be observed that it was indeed comparable to an elastic 
rod which became expanded by lateral pressure, and compressed 
by pressure from the top, but that it was composed of several 
parts independent of one another (the lumbar, pectoral, and 
cervical parts) which were adapted to the special functions of the 
respective sections of the rump. By a simple model he made 
these differences among the different sections apparent. Ona 
second model he showed that very marked displacements in the 
centre of gravity at the uppermost part of the body were equal- 
ised, not by compensatory incurvations, but by bendings in the 
undermost joints. The speaker then demonstrated by curves 
rendered in paste the incurvations shown by the vertebral column 
of dead bodies when the ligaments of the vertebrate bodies in 
front or behind, in the dorsal or lumbar vertebrae, were cut 
through. The curves became more marked after the elastic 
ligaments of the upper vertebrae were cut through, but they 
hardly changed at all when the lowest tendinous ligaments 
were cut through. The intesticular ligaments consisted of a soft 
elastic kernel and of distended ligamentous fibres compressing 
the kernel. The action of the expending kernels, which made 
the vertebral column firmer, was illustrated by a third model. 
The speaker had taken exact measure of the situation of the 
kernel in each disk on vertebrate columns sawn through, and 
when he combined together these points on a drawing, he ob- 
tained a more marked incurvation than that possessed by the 
vertebral column. Thus altogether apart from the muscular 
activity, the different forces acted on the incurvation of the 
vertebrate column, which for the rest appeared to be different in 
the different races. 
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CENTRAL AMERICAN ENTOMOLOGY 

Liologia Centrali-Americana. Insecta: Coleoptera. Vol. 

III. Part 2, “ Malacodermata,” by the Rev. Henry 
Stephen Gorham, F.Z.S., &c. (1880-86.) Vol. V. 

“Longicornia,” by Henry Walter Bates, F.R.S. 
“ Bruchides,” by David Sharp, M.B. 
Porter, 1879-86.) 

“Y¥*WO more instalments of the entomological portion 
of this great work show how earnestly it is being 

pushed on; and if it can be completed on the same 
lavish scale of illustration, and with the same thorough- 

ness of execution, it will afford materials for a true con- 

ception of the richness of insect life in the tropical regions 
far beyond anything that has been hitherto attempted. 

Not only-will it be superior to any other work of a similar 
character, but it will probably surpass in magnitude all 

the other works dealing with tropical insect-faunas com- 
bined. 

The plan and method of treatment being exactly the 

same as that of Mr. Bates’s volume on the Cicindelide 
and Carabide, already reviewed in NATURE (vol. xxxiii. 
p- 77), it will only be needful here to make a few remarks 

on points of general interest. Taking first the Malaco- 

dermata—a group represented in Britain by our Telephori, 
“soldiers and sailors,” our glow-worm, and other allied 

forms—Mr. Gorham informs us that nearly one-fourth of 

all the known species of the world are here described 
from Central America, a preponderance in this district 
which is due no doubt to the fact that the group has 

never been a favourite one among coleopterists, and has 

thus been comparatively little attended to by collectors in 

the tropics. The large number of 813 species here 

enumerated as against 1272 of the favourite Longicornes, 
shows that it is not impossible that this tribe may one 
day rank among the richest groups of beetles. From a 

comparison of certain of the best known families in dif- 
ferent parts of the world Mr. Gorham is of opinion that 

the total number of species in the tribe is not less than 
12,000. He also states that the tropical American forms 
are as a whole very distinct from those of Africa and the 

Eastern tropics, and that they rank as “ persistent forms 
of an earlier stage of development.” This is specially 
interesting, because it agrees so well with the fact that 

nowhere else in the world do low forms of mammalia and 

birds constitute so large a proportion of a wonderfully rich 
fauna as in tropical America. Another suggestive remark 
is, that whenever “a genus is common to Central or 

South America and other distant parts of the world, it is 
also the case that it is represented by a species also iden- 
tical or nearly so in both districts.” Many examples are 
given of this interesting fact, and the no doubt correct 

solution is suggested, that in these cases there must have 
been a comparatively recent transmissal, either from one 

country to another, or from some common centre to both. 
The Miocene beetles of Switzerland exhibit so close a 
resemblance to living forms that we may well suppose 
these identical species to have been common to Europe 
and North America in Miocene times, and to have passed 
southward to the Old and New World tropics respectively 
when the temperate zones became unsuitable to them. 

VOL. XXXIV.—No. 876 

(London: R. H. 

Of Longicornia about 9000 species are known, so that 
those from Central America alone are nearly one-seventh 
of the whole; but in this tribe more perhaps than any 
other is our knowledge imperfect, owing to the bulk of 

the species being restricted to the virgin forests, where 
they are very local and marvellously specialised ; while 
though exceedingly abundant under favourable conditions 

—that is, when extensive clearances in the forest have 

been recently made—yet at other times they are so scarce 
that it is impossible to obtain even a moderate collection 

of them. 
Mr. Bates remarks on the wonderful “endemicity ” of 

the tropical American Longicorn fauna, 304 genera out 
of 330 being exclusively American; while both he and 

Mr. Gorham insist on the whole of the Central American 
fauna, including that of the highlands of Mexico, having 

tropical rather than north-temperate affinities. As 
regards the Malacodermata, however, the northern parts 

of Mexico are said to be “ totally unexplored,” while Mr. 
Bates states that there are 30 northern generic forms 

which reach Mexico but rarely go further south. 
The Bruchides form a small tribe of usually minute 

beetles which have been so imperfectly collected in 
the tropics that no comparisons of any value can be 
made. No less than 150 species are here enumerated, 

forming nearly one-fourth of all that are yet known, and 

nearly 120 of these are new species, 25 of which are 
figured. 

On looking over the beautifully executed coloured 
plates, on which nearly 500 new species of Longicornes 
are figured, we are struck by the great preponderance of 
protective tints in these insects, whole plates being filled 

with species of delicately mottled brown or grey colours 
evidently harmonising with the varying hues and rugosi- 

ties of the tree trunks on which they rest ; while those of 
more elegant forms and brilliant tints are usually of 

smaller size, except when they gain protection by their 

resemblance to other inedible insects. It fortunately 

happens that the other group treated in these volumes— 

the Malacodermata—are very largely, if not wholly, such 

a protected group, it having been found by experiment 

that birds will not eat our gay-coloured Telephori, and 
Mr. Belt found the same to be the case with the fire-flies 

of Nicaragua and their allies. In all parts of the world 

these insects are mimicked by others which have no such 
protection, and it is interesting to compare the plates in 

these two volumes and to see how many of the Longi- 

cornes have taken on the form and colouring of the Mala- 

coderms. Whenever I noticed a pair which undoubtedly 
resembled each other, I turned to the descriptions, and in 

every case found that they inhabited the very same 
locality. Thus the Longicorn O¢heotethus melanurus 

imitates the Malacoderm Lucidota discolor, both found at 

Chontales, the species mimicked having however, as is 
usual, a wider range. TZethlimmena aliena and Lygisto- 
pterus amabilis, another mimicking pair, are both re- 
corded from Chontales only. Cada albicornis, from 
Panama, resembles two species of Malacoderms, Sz/zs 
chalybeipennis and Colyphus signaticollis, both from 
Panama, and both taken on the Volcano de Chiriqui. If 
these last two are both inedible, it is a case among the 

Coleoptera similar to the numerous interesting cases of 

protected genera of Heliconoid butterflies resembling 

Co) 
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each other, the theory of which has been so lucidly ex- 

plained by Dr. Fritz Miiller (see NATURE, vol. xxvi. p. 87, 

and vol. xxvii. p. 481). A genus of Longicornes has been 

named Lycédola, and its eight known species are all said 
to resemble species of Lycus. Besides these there are at 

“east a score of Longicornes which are evidently mimickers, 

though the exact species imitated does not happen to be 
represented on the plates. There are also many of the 

smaller species which evidently mimic ants or wingless 
Mutillida, Three such species are named by Mr. Belt, 
and two of these are figured, but they do not appear to 

resemble ants half so much as at least a score of other 

species ; showing how difficult it is to determine whether 
a species is protectively coloured by means of figures 

however carefully drawn and coloured. The extensive 

collections on which these volumes are founded would, I 

feel sure, afford a mass of interesting cases of mimicry if 

search were made for them, since, besides those already 
mentioned, there seems to be a considerable number of 

Longicornes which resemble som? of the Cleridz figured 
among the Malacodermata, and these also are probably 

cases of mimicry, although I am not aware that the 

Cleridze have been proved to be an uneatable group. 

Looking at the copious series of figures here given 

there does not seem to be any superiority of colouring 

over the corresponding Eastern groups. 

larger proportion of Cerambycide to Lamiidz in tropical 

America gives it an advantage over the Eastern tropics, 

because the former family comprises most of the elegant 
forms and gay colours of the tribe ; but notwithstanding 
their inferiority in this respect the Longicornes of Penang, 
of Java, and of New Guinea appear to be quite equal in 
their development of colour to those of Central America. 

The present work has been got up at so great an 

expense both of time, labour, and money to its origina- 

tors, Messrs. Godman and Salvin, that it must be con- 

sidered one of the noblest individual contributions to 
the study of natural history that has ever been made. 
Its great bulk and cost must, however, render it inacces- 

sible to many students who would wish to possess it, 
while its value to them would have been considerably 

increased if descriptions of all the recorded species had 
been given as well as of those which are new, rendering 

it a complete book of reference to the Insecta of Central 
America. 

I would therefore suggest to Messrs. Godman and 

Salvin that they would confer a still greater boon on 
entomological students if they could make arrangements 

for the preparation of a series of compact octavo volumes 
giving the letterpress only of the present work, together 

with either the original descriptions or sufficient diagnoses 

of all the species enumerated which are not here described. 
These volumes could be issued after the completion of 
the great work, all brought up to one uniform date ; and 
if published at a moderate price they would be sure to 

command a very large sale. Complete faunal hand-books 
of the kind suggested are among the most generally useful 
works that can be published, because they obviate the 

enormous waste of time and labour involved in consulting 

scores of expensive volumes in order to determine the 

name and history of perhaps half the insects which a 

student may possess. 
It is quite unsafe to venture on any detailed criticism 

The much | 

| 

of the work of one so thoroughly acquainted with Longi- 
corn Coleoptera as Mr. Bates, but my attention was 

attracted to Table II. by the figures of two alleged female 
Prionide, which are represented of a rich green colour, 
while the respective males are bronzy olive. If this is the 
fact, it is a curious case of reversed sexual coloration, 

though by no means unprecedented. In one of these 

species, WWadllaspi beltz, however, two varieties are figured, 

one green, the other olive brown, both said to be females ; 

but the green specimen (as figured) differs greatly from 

the brown specimen, in having the femora of the second 
pair of legs much longer and more slender, in the some- 

what different dentation of the thorax, and especially in 

the very different form of the scutellum, important differ- 
ences which seem inconsistent with identity of species. 
Should any error have crept into the plates, the author 

will no doubt be glad to have his attention called to it. 
ALFRED R. WALLACE 

GEOMETRICAL OPTICS 

An Elementary Treatise on Geometrical Optics. By W. 

Steadman Aldis, M.A. (London: Deighton, Bell, and 
Co., 1886.) 
HIS is a second edition of a work which appeared 

first in 1872, and which was designed to meet the 
requirements of students reading for the first three days 
of the Mathematical Tripos. The new edition does not 
differ greatly from the old, except in form. The type 
is larger and clearer, and in this respect the book is con- 
siderably improved. 

The laws of reflection and refraction, and the reflec- 
tion and refraction of direct pencils at plane and spherical 
surfaces, are treated in a clear and comprehensive 

manner. In Article 36 reference is made to a useful 

method of illustrating from co-ordinate geometry the 

relations between a point and its image. If , d’ be the 
principal focal lengths of an optical system, « and z’ the 

distances of an object and its image from the principal 

points, we have PEED, =1. Thus taking rectangular 
Ce 

axes, and measuring along them distances ¢ and ¢’, we 

see that # and x’ are the intercepts on the axes made by 
a straight line passing through the point d, ¢’. This has 

been worked out in an interesting paper in the Pfz/o- 
sophical Magazine for December 1884, by Prof. J. Loudon, 

of Toronto. 

The next chapter deals with the oblique reflection and 
refraction of small pencils. The general explanation is 

extremely lucid, but it surely is a mistake not to have 

introduced the notation of the differential calculus. Of 

course this is excluded from the first three days of the 

Tripos, but so too are oblique reflection and refraction, 

and the work is rendered unnecessarily cumbersome by 

the omission.. A similar remark may apply to some of 

the sections of the next chapter on refraction through 
prisms and plates. 

Chapter VI. treats of lenses, which are dealt with in 
the ordinary manner. This part of the book would have 
been improved by the introduction of some of the geo- 
metrical results in which the main consequences of 
Gauss’s work have been expressed by various writers. It 

is really a misfortune that the theory of principal and 

nodal points is so little known to English authors. It is 
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clearly explained in Mr. Pendlebury’s book on lenses, 
but that does not include other parts of the subject, and 

is somewhat needlessly long. 
The book concludes with an account of some simple 

optical instruments, dispersion and achromatism, and the 

geometrical theory of the rainbow. 

OUR BOOK SHELF 

New Commercial Plants and Drugs. By T. Christy, 
F.L.S., &c. No. 9. (London: Christy and Co., 
1886.) 

THIS pamphlet of 73 pages treats for the most part of 
medicinal products, though some consideration is also 
given to fodder and food-plants, essential oils, india- 
rubber, and various others. The first article is devoted 
to the Doundake (Sarcocephalus esculentus), a West 
African Rubiaceous plant, which has attracted some atten- 
tion of late in cases of nervous paralysis. The root has 
been analysed by Messrs. Heckel and Schlagdenhauffen, 
and their analysis is given together with a reproduction 
of the two plates which accompanied their paper. Two 
new perfume oils come under consideration, namely, from 
Eucalyptus staigeriana and Backhousia citriodora. The 
first is a Queensland tree, and is known as the lemon- 
scented iron bark. The odour of the leaves is said to be 
exactly like that of the lemon-scented verbena, and the 
oil yielded by them is identical in fragrance with that 
from Andropogon citratus, or lemon-grass oil, which is 
imported into this country both from Ceylon and Singa- 
pore, where the plants are very extensively cultivated. 
Mr. Christy says that “the odour of the oil of this tree 
is quite different from that of Eucalyptus citriodora, 
which resembles, and might be substituted for, citronella 
oil, so extensively used for perfuming soap.” The Back- 
housta oil is described as being like that of Lucalyptus 
staigeriana, and upon being tested for scenting soaps 
it was found to answer well, and would probably find 
a ready market in this country if it could be imported 
at a price to compete with ordinary verbena oil. It might 
realise Is. 4d. to 2s. per pound. 

The Kava root (Piper methysticunt) of the Fiji Islands, 
which is so well known for the disgusting ceremonies 
which, in former times perhaps more than the present, 
accompanied its preparation, has of late years been intro- 
duced amongst us for its medicinal properties. The active 
principle of the Kava root appears to reside in a resinous 
substance extracted with alcohol. Froma series of experi- 
ments it seems that this principle is a substance of very 
great importance as a local anzesthetic, but that in larger 
doses it produces a scaly affection of the skin. From the 
Kava root a spirit or liqueur has been distilled, and this 
under the name of Yagona is on sale at the refreshment 
bars of the present Colonial and Indian Exhibition. 

Another new drug which probably has a future before 
it is the Kombe of Central Africa (Strophanthus hispida 
or S. Komébe) which has been proved to be of consider- 
able value in affections of the heart. The first communi- 
cation relating to the physiological action of this drug was 
made by Prof. Fraser to the Royal Society of Edinburgh 
in 1870, which was followed in 1885 by a more elaborate 
paper at the Cardiff Meeting of the British Medical Asso- 
ciation. There seems, however, even after this lapse of 
time to be a difficulty in obtaining the seeds in quantity, 
or even the right species, several forms having been 
introduced from the Gold Coast, Sierra Leone, and 
other parts of Africa ; the chief difference lies in the seed, 
some forms of which are covered with long, fine silky 
hairs. 

Mr. Christy’s pamphlet, like its predecessors, is a 
useful record of newly introduced and useful plants. 
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Heidelberg gefeirt von Dichtern und Denkern seit fiinf 
Fahrhundesten. Herausgegeben von Albert Mays. 

(Heidelberg, 1886.) 

Iv was a happy thought of the compiler of this volume 
to collect and publish on the five hundredth anniversary 
of the foundation of the University of Heidelberg a 
selection of what has been written about the city and the 
University by eminent men of various nations at different 
periods of time. A collection of all that has been written 
about the ancient city and its lovely situation would, 
Herr Mays says, fill a respectable library, for besides 
histories in verse of the Palatinate and its capital there are 
innumerable tales, novels, and the like based on incidents 
in its history,and lyrical and historical poems on Heidelberg 
by the hundred. In making a selection from this vast mass 
of matter, the compiler has only retained poems or de- 
scriptions which are of special poetical or literary value, 
or those which are of special interest on account of the 
author, or, finally, those which exhibit some special 
originality or peculiarity. But even when thus winnowed 
a handy volume is left. Needless to say, the vast majority 
of the writers are German;.there are a few English, and 
one American (Longfellow) The list commences with an 
extract from the Bull of Pope Urban VI. of October 23, 
1385, authorising Prince Rupert to found the University. 
This is followed by extracts from over sixty authors 
arranged chronologically. Herr Mays notices as a 
curiosity that not one of these is French. The English 
authors naturally dwell on the castle, “next to the 
Alhambra of Granada the most magnificent ruin of the 
Middle Ages,” rather more than on the University ; but 
indeed the German writers do the same. The book will 
show the good people of Heidelberg, if they lack such 
knowledge at this festive season, that they are citizens of 
no mean city. It should also prove an interesting 
memento to many in Europe and America who have 
passed a few years at the most impressionable period of 
their lives at the old University, which, with its sister at 
Bonn, has of late years drawn the British student away 
from Gottingen. 

LETTERS TO THE EDITOR 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.) 

Organic Evolution 

For some time I have much desired to direct the attention of 
your readers all over the world to the two very remarkable 
articles on Organic Evolution, by Mr. Herbert Spencer, which 
appeared in the April and May numbers of the Nineteenth 
Century. hope they will be separately published. They mark 
in my opinion a new departure in the Philosophy which has been 
built up by a certain school of writers on the Darwinian Theory. 
Let me explain what I mean. 

From the first discussions which arose on this subject I have 
ventured to maintain that the successors of Darwin have run 
quite wild from the teaching of their master—that his Hypothesis, 
even if completely true so far as it went, offered no adequate ex- 
planation whatever of the multiform and complicated facts of 
Organic Eyolution—that the phrase ‘natural selection” repre- 
sented no true physical cause, still less the complete set of causes 
requisite to account for the orderly procession of organic forms 
in Nature; that in so far as it assumed variations to arise by 
accident it was not only essentially faulty and incomplete, but 
fundamentally erroneous ; in short, that its only value lay in the 
convenience with which it groups under one form of words, 
highly charged with metaphor, an immense variely of causes, 
some purely mental, some purely vital, and others purely physical 
or mechanical. 
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The violence with which false interpretations were put upon 
this Theory and a function was assigned to it which it 
could never fulfil, will some day be recognised as one of the 
least creditable episodes in the history of science. With a 
curious perversity it was the weakest elements in the Theory 
which were seized upon as the most valuable, particularly the 
part assigned to blind chance in the occurrence of variations. 
Chis was valued not for its scientific truth,—for it could pretend 
to none, —but because of its assumed bearing upon another field 
of thought and the weapon it afforded for expelling Mind from 
among the causes of Evolution. 

There haye been many symptoms that this Philosophy is 
breaking down. Mr. Herbert Spencer, although he has worked 
out the consequences of Evolution with enthusiasm, has never 
been blind to some of its defects. His mind is too closely 
analytical not to be brought into contact at many points, with 
its manifest inapplicability and its wordy hollowness. 

But in these two articles we have for the first time an avowed 
and definite declaration against some of the leading ideas on 
which the Mechanical Philosophy depends ; and yet the caution, 
and almost the timidity, with which a man so eminent ap- 
proaches the announcement of conclusions of the most self- 
evident truth—is a most curious proof of the Reign of Terror which 
had come to be established. 

I cannot in this letter indicate the breadth and sweep of the 
admissions now made by Mr. Herbert Spencer in the two articles 
referred to,—fatal to the adequacy of the Mechanical Philosophy 
as any explanation of organic evolution. ‘They cluster round, 
and follow from the central admission that ‘‘the words ‘natural 
selection’ do not express a cause in the physical sense.” Another 
great admission is that the ‘‘co-operation” which is required 
in the growth and development of useful parts, cannot be 
accidental. 

Of course, now that so eminent a man as Mr. Herbert Spencer 
has opened his eyes and his mouth to these—an1 many othe,— 
admissions, we shall have all the Dé? AZinores following suit. 

I have read with great pleasure an article in your last number 
(p. 314) on ‘Physiological Selection,” with an ‘‘ additional 
suggestion on the origin of species.” I rejoice that the author 
has at last discovered that ‘‘ natural selection has been made to 
pose as a theory of the origin of species, whereas in point of fact 
it is nothing of the kind.” This has been my contention for 
many years. ARGYLL 

Aurora 

WITH reference to the aurora of July 27, accounts of which 
appear in NATURE, vol. xxxiy. pp. 311 and 312, the following 
particulars of the accompanying magnetic disturbance recorded 
here may be of interest. The disturbance commenced about 
3 p.m. on July 27 with small fluctuations in declination and 
horizontal force, followed by larger movements which commenced 
sharply at 10.20 p.m. in all three elements, and continued to 
about 7 a.m. on July 28. The greatest movement was between 
10,20 and 11.30 p.m., amounting to 45’ in declination, ‘or1 of 
the horizontal force, and ‘005 of the vertical force. Correspond- 
ing earth-currents were recorded as usual. 

W. 1. M. CHRISTIE 
Royal Observatory, Greenwich, August 10 

Mock Suns 

KINDLY add the following, to make up for omission of my 
figure in your issue of July 29 (p. 289) :— 

The ‘‘arched eyebrows,” as I called them, can best be de- 
scribed thus— 

Resting on the top of the halo circle, where the third mock 
light stood, was a bow of peculiar curve. It was like two well- 
arched eyebrows flowing together by a curve of gentle dip at the 
point where it touched the halo. Each arch was about equal to 
one-eighth part of the halo circle in every respect except that its 
centre lay about the middle of the chord joining the upper mock 
light with the mock light on that side of the sun. The contrari- 
flexure, and the anomalous positions of the two centres of the 
two arches, strike me as very noteworthy. I cannot presume 
to guess at an explanation. 
May I add that a correspondent of the Stazdard states that he 

too saw the white ray on the /e/¢ side ; and that it stretched, to 
use his expression, ‘‘round the sky almost to the east, and at 
the end of it was another mock sun much less brilliant,” where 

it ‘‘seemed about to begin a fresh series of mock suns and 
circles.” This too seems to me too striking a feature to be lost 
to record in NATURE. 

Littlemore, August 2 
W. J. HeRscHEL 

Meteors 

On August 4, Ioh. 4om., a beautiful slow meteor was seen 
here threading its way from about 2° S. of o Ursee Majoris to 
very slightly below B Aurigz. Its light fluctuated greatly, but 
at its best it must have been brighter than Jupiter, though the 
effect was much marred by mist. The most noteworthy feature 
was its extreme slowness of movement ; a careful determination 
gave 8 seconds as the time it remained in sight. There was 
no train of any sort; the meteor rolled along with a star-like 
aspect, and its velocity near the end point became so much im- 
peded that it seemed almost stationary. I observed fifty-seven 
other meteors during the same night, but none of these could be 
associated in appearance and direction with the one specially 
described. Its radiant-point was probably in Ursa Major, close 
to B, at about 162° + 59°. 

On August 6, Ioh. 3m., a meteor equal to Jupiter was seen 
pursuing a long path just south of and nearly parallel to a and 
e Pegasi. It left a bright streak, and was a conspicuous object, 
notwithstanding the moonlight. ‘The radiant-point was at about 
32° + 17°, nearly 6° S.S.E. of a Arietis, or possibly in the 
extreme east boundaries of Aries. 

It would be important to hear of duplicate observations of 
these large meteors. In the eastern parts of England they must 
have appeared very bright, and being visible at a convenient 
hour in the evening many persons will have noticed them. 

Bristol, August 9 W. F. DENNING 

Last night at about eleven o’clock a fine meteor was visible 
here through an opening in clouds. Its path was in Aquarius, 
commenced a little to the east of n, and seemed to be in the direc- 
tion of a line joining y and 6. In three or four seconds the meteor 
passed over about 20°, and it left momentarily a trail over the 
last 10°. This was slightly curved, the convex side being to the 
east, and the colour varying from yellow for a quarter of the 
curve to red during the remainder. At first the meteor resembled 
Saturn in size and colour, then became larger, whiter, and after- 
wards pale blue, and when it finally disappeared behind the 
clouds it considerably exceeded Venus at her brightest, both in 
size and brilliance. Te. Je Ene 

Ramsey, Isle of Man, August 5 

PHYSIOLOGICAL SELECTION: AN ADDI- 
TIONAL SUGGESTION ON THE ORIGIN OF 
SPECIE SA 

II. 

N EXT, let it be observed that we cannot expect to meet 
with much direct evidence of physiological selection 

from our domesticated varieties. For, first, breeders and 
horticulturists keep their strains separate artificially, and 
preserve many kinds of variation other than those of the 
reproductive system with which alone we are concerned ; 
and, secondly, it is never the aim of these men to pre- 
serve this particular kind of variation. Therefore, all 
that we can here learn from our domesticated productions 
is the paramount importance of preventing intercrossing 
with parent forms, if a new varietal form is ever to gain 
a footing. No one of these domesticated varieties could 
have been what it now is unless such intercrossing had 
been systematically prevented by man ; and this gives 
us good reason to infer that no natural species could have 
been what it now is unless every variety in which every 
species originated had been prevented from intercrossing 
with its parent form by nature. For the cases are ex- 
tremely rare in which one species differs from another 
(living or extinct) in respect of any feature so highly utili- 
tarian in character as to justify belief that the newer 
species owed its differentiation to natural selection 
having been able to overcome the swamping effects of 
free intercrossing. 

1 Abstract of a Paper read before the Linnean Society on May 6, by 
George J. Romanes, M.A., LL.D., F.R.S. &c. Continued from p. 316. 
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Again, as to plants and animals in a state of nature, 
the particular variation with which we are concerned 
would scarcely be noticed until it had given rise to a new 
species. In this respect, therefore, the theory of physio- 
logical selection is in the same predicament as that of 
natural selection: in neither case are we able directly to 
observe the formation of one species out of another by 
the agency supposed ; and, therefore, in both cases our 
belief in the agency supposed must to a large extent de- 
pend on the probability established by general considera- 
tions. Nevertheless, although our sources of direct 
evidence are thus seen to be necessarily limited, I shall 
now hope to show that they are sufficient to prove the 
only fact which they are required to prove—namely, that 
the particular kind of variation, on the occurrence of 
which my theory depends, does occur both in nature and 
under domestication. 

One very obvious example of the particular variation 
which is required by the theory of physiological selection 
has already been given in the season of flowering or of 
pairing being either advanced or retarded. This I take 
to be a most important case for us, inasmuch as it is one 
that must frequently arise in nature. Depending as it 
chiefly does on external causes, numberless species both 
of plants and animals must, I believe, have been segre- 
gated by its influence. For in every case where a change 
of food, temperature, humidity, altitude, or of any of the 
other many and complex conditions which go to consti- 
tute environment—whether the change be due to migra- 
tion of the species or to alterations going on in an area 
occupied by a stationary species—in every case where 
such a change either retards or promotes the season of 
propagation, there we have the kind of variation which is 
required for physiological selection. And it is needless to 
give detailed instances of such variation where this is due 
to so well known and so frequently observed a cause. 

But it is on what may be called the spontaneous varia- 
bility of the reproductive system itself that I mainly rely 
for evidence of physiological selection. The causes of 
variability are here much more numerous, subtle, and 
complex than are such extrinsic causes as those just 
mentioned ; and they are always at work in the repro- 
ductive systems of all organisms. The consequence is, 
as Mr. Darwin has shown by abundant evidence, that 
variations in the direction of sterility depend more on 
what he calls the nature of the organism than on the in- 
fluence of external conditions. Of this fact we have 
direct evidence, firstly in individuals, secondly in varieties, 
and thirdly in species. 

(1) Zndzviduals.—Mr. Darwin observes, “it is by no 
means rare to find certain males and females which will 
not breed together, though both are known to be perfectly 
fertile with other males and females. We have no reason 
to suppose that this is caused by these animals having 
heen subjected to any change in their habits of life ; there- 
fore such cases are hardly related to our present subject. 
The cause apparently lies in an innate sexual incompati- 
bility of the pair when matched.” He then proceeds to 
give examples from horses, cattle, pigs, dogs, and pigeons, 
concluding with the remark that “these facts are worth 
recording, as they show, like so many previous facts, on 
what slight constitutional differences the fertility of an 
animal often depends.” Elsewhere he gives references 
to similar facts in the case of plants ; and instances of 
this individual incompatibility, both in plants and animals, 
might easily be multiplied. 

Now, if even as between two individuals there may thus 
arise absolute sterility without there being in either of 
them the least impairment of fertility towards other in- 
dividuals, much more may such incompatibility extend 
towards a number of individuals. For certainly the most 
remarkable feature about this individual incompatibility 
is the fact of its being only individual: it would not be 
nearly so remarkable, or antecedently improbable, if the 

incompatibility were to run through a whole race or strain. 
In the fact of individual incompatibility, therefore, we 
have the kind of variation which my theory requires, and 
this as arising spontaneously in the highest degree of 
efficiency. 

(2) Races.—But of even more importance for us is the 
direct evidence of such a state of matters in the case of 
varieties, breeds, or strains. In the ninth chapter of the 
“ Origin of Species,” and in the nineteenth chapter of the 
“‘Variation of Plants and Animals under Domestication,” 
Mr. Darwin adduces miscellaneous instances of varieties 
of the same species which exhibit a higher degree of fer- 
tility within themselves than they do with one another. 
In this respect, therefore, they resemble natural species ; 
but as they are only domesticated varieties known to 
belong to the same species, they are here available as 
evidence of what may be termed racial incompatibility, or, 
of the particular kind of variation which my theory re- 
quires. ‘To quote only two instances: “The yellow and 
white varieties (of Verbascum) when crossed produce less 
seed than the similarly coloured varieties”; and the blue 
and red varieties of the pimpernel are absolutely sterile 
together, while each is perfectly fertile within itself. Such 
instances are the more suggestive on account of their 
arising under domestication, because, as a rule, domesti- 
cation increases fertility, and is thus inimical to sterility— 
sometimes even breaking down the physiological barriers 
between natural species. Therefore, if in some cases even 
under domestication the reproductive system may vary in 
this manner, so as to erect physiological barriers between 
artificial varieties, much more are such barriers likely to 
be erected between varieties when these arise in a state 
of nature. 

But as regards varieties in a state of nature, I have not 
been able to meet with any evidence of racial incom- 
patibility. Nor is this to be wondered at : for, unless the 
degree of such incompatibility were well pronounced, it 
would not be noticed ; while, if it were well pronounced, 
the two varieties would for this very reason be classified 
as species. Therefore, the fact of racial incompatibility 
within the limits of wild species could only be proved by 
experiments undertaken expressly for the purpose, in the 
way which I shall afterwards explain. 

(3) Sfectes—According to the general theory of evolu- 
tion, which in this paper is taken for granted, the distinc- 
tion between varieties and species is only a distinction of 
degree ; and the distinction is mainly, as well as most 
generally, that of mutual sterility. Therefore my theory of 
physiological selection is here furnished with an incal- 
culable number of instances of the particular kind of 
variation which is required ; for in so many instances as 
variation has led to any degree of sterility between parent 
and varietal forms—or between the varying descendants 
of the same form—in so many instances it is merely a 
statement of fact to say that physiological selection must 
have taken place. There remains, however, the question 
whether the particular change in the reproductive system 
which led to all these cases of mutual sterility was an- 
terior or posterior to changes in other parts of the 
organism. For, if it was anterior, these other changes— 
even though they be adaptive changes—were presumably 
due to the sexual change having interposed its barrier to 
crossing with parent forms; while, if the sexual change 
were posterior to the others, the presumption would be 
that it was the latter which, by their reaction on the sexual 
system, induced the former. I shall have to consider 
this alternative later on. Here, therefore, it is enough 
to point out that under either possibility the principles of 
physiological selection must have been at work ; only these 
principles are accredited with so much the more causal 
influence in the production of species in the proportion 
that we find reason to suppose the sexual change to have 
been, as a rule, the prior change. But under either al- 
ternative, and on the doctrine that species are extreme 
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varieties, we have many hundreds of thousands of in- 

stances of fertility within the varietal forms with sterility 

towards allied forms. 
Probably enough has now been said to show that, as a 

matter of fact, the particular kind of variation in the re- 
productive system which is required by the theory of 
physiological selection does occur, firstly, in individuals ; 
secondly, in races ; and thirdly, in species. But the evi- 
dence of physiological selection as an agency in the 
evolution of species is so far only prima facie. That is 
to say, although we have evidence to prove the occurrence 
of this particular kind of variation, and although we can 
see that whenever it does occur it must be preserved, as 
yet we have seen no evidence to show how far this kind 
of variation has been at work in the formation of species. 
I will, therefore, next proceed to give an outline sketch of 
the evidence which I have been able to find, tending to 
show that the facts of organic nature are such as they 
ought to be, if it is tru> that physiological selection has 
played any considerable part in their causation. And to 
do this I will begin by taking the three cardinal objections 
to the theory of natural selection with which I set out— 
namely, sterility, intercrossing, and inutility. For, as we 
shall see—and this in itself is a suggestive consideration 
—all the facts which here present formidable obstacles to 
the theory of natural selection, when this is regarded only 
as a theory of the origin of species, are not only explained 
by the theory of physiological selection, but furnish to 
that theory some of the best evidence which I have been 
able to find. 
Argument from Sterility.—In what respects do species 

differ from one another? They differ firstly, chiefly, and 
most generally in respect of their reproductive systems : 
this, therefore, I will call the primary difference. Next, 
they differ in an endless variety of more or less minute 
details of structure, which are sometimes adaptive and 
sometimes not. These, therefore, I will call the secondary 
differences. Now, the secondary differences are never 
numerous as between any two allied species: in almost 
all cases they admit of being represented by units. Yet, 
if it were possible to enumerate all the specific differences 
throughout both the vegetable and animal kingdoms, 
there would be required a row of figures expressive of 
many millions. In other words, the secondary specific 
distinctions may occur in any parts of organisms, but 
never occur in many parts of the same organism. So that, 
if we have regard to the whole range of species, the 
secondary distinctions are seen to be, in the highest 
imaginable degree, variable or inconstant: the only dis- 
tinction which is at all constant or general is the primary 
distinction, or the one which belongs exclusively to the 
reproductive system. Surely, therefore, what we pri- 
marily require in any theory of the origin of sfeczes, 
is an explanation of this relatively constant or general 
distinction. But this is just what all previous theories 
fail to supply. Natural selection accounts for some 
among the many secondary distinctions, but is con- 
fessedly unable to explain the primary distinction. The 
same remark applies to sexual selection, use and disuse, 
economy of growth, correlated variability, and so forth. 
Even the prevention of intercrossing by geographical 
barriers or by migration is unable to explain the very 
general occurrence of some degree of sterility between 
two allied varieties which have diverged sufficiently to take 
rank as different species. All these theories, therefore, are 
here in the same predicament : they profess to be theories 
of the origin of species, and yet none of them is able to 
explain the one fact which more than any other goes to 
constitute the distinction between species and species. 
The consequence is that most evolutionists here fall back 
upon a great assumption: they say it must be the change 
of organisation which causes the sterility—it must be the | 
secondary distinctions which determine the primary. 
But the contrary proposition is surely at least as probable, 

namely, that it is the sterility which, by preventing inter- 
crossing with parent forms, has determined the secondary 
distinctions—or, rather, that it has been the original con- 
dition to the operation of the modifying causes in all cases 
where free intercrossing has not been otherwise prevented. 
For, obviously, it is a pure assumption to say that the 
secondary differences have always been historically prior 
to the primary difference, and that they stand to it in the 
relation of cause to effect. Moreover, the assumption 
does not stand the test of examination, as I will now 
proceed to show. 

(1) On merely a@ friort grounds it scarcely seems 
probable that whenever any part of any organism is 
slightly changed in any way by natural selection, or by 
any other cause, the reproductive system should forthwith 
respond to that change by becoming sterile with allied 
forms. Yet this is really what the assumption in question 
requires, seeing that a// parts of organisms are subject to 
the secondary specific distinctions. What we find in 
nature is a more or less constant association between the 
one primary distinction and an endless profusion of 
secondary distinctions. Now, if this association had been 
between the primary distinction and some one—or even 
some few—secondary distinctions, constantly the same 

| in kind ; in this case I could have seen that the question 
would have been an open one as to which was the condi- 
tional and which the conditioned. But as the case actually 
stands, on merely antecedent grounds, it does not appear 
to me that the question is an open one. Here we havea 
constant peculiarity of the reproductive system, repeated 
over and over again—millions of times—throughout 
organic nature ; and we perpetually find that when this 
peculiar condition of the reproductive system is present, 
it is associated with structural changes elsewhere, which, 
however, may affect any part of any organism, and this in 
any degree. Now, I ask, is it a reasonable view that the 
one constant peculiarity is always the result, and never 
the condition, of any among these millions of inconstant 
and organically minute changes with which it is found 
associated ? 

(2). But, quitting @ prior? grounds, it is a matter of 
notorious fact that in the case of nearly all our innumer- 
able artificial productions, organisms do admit of being 
profoundly changed in a great variety of ways, without 
any reaction on the reproductive system following as a 
consequence. 

(3) Again, as regards wild species, Mr. Darwin proves 
that “ the correspondence between systematic affinity and 
the facility of crossing is by no means strict. A multi- 
tude of cases could be given of very closely allied species 
which will not unite, or only with extreme difficulty ; and, 
on the other hand, of very distinct species which unite 
with the utmost facility.” And he goes on to say that 
“within the limits of the same family, or even of the 
same genus, these opposite cases may occur”; so that 
“the capacity of the species to cross is often completely 
independent of this systematic affinity, that is, of any 
difference in their structure or constitution, excepting 
in their reproductive systems.” Now, on the supposition 
that sterility between species is always, or generally, 
caused by the indirect influence on the reproductive sys- 
tem of changes taking place in other parts of the organ- 
ism, these facts are unintelligible—being, indeed, as a 
mere matter of logic, contradictory of the supposition. 

(4) Mr. Darwin further shows that, ‘independently of 
the question of fertility, in all other respects there is the 
closest general resemblance between hybrids and mon- 
grels.” Clearly, this fact implies that natural selection 
and artificial selection run perfectly parallel in all other 
respects, save in the one respect of reacting on the repro- 
ductive system, where, according to the views against 
which I am arguing, they must be regarded as differing, 
not only constantly, but also profoundly. 

(5) Lastly, Mr. Darwin concedes—or rather insists— 



August 12, 1886] 

that “the primary cause of the sterility of crossed species 
is confined to differences in their sexual elements.” A 
general fact which assuredly proves that the primary 
specific distinction is one with which the organism as a 
whole is not concerned: it is merely a local variation 
which is concerned only with the sexual system. Why, 
then, should we suppose that it differs from a local varia- 
tion taking place in any other part of the organism ? Why 
should we suppose that, unlike all other such variations, 
it can never be independent, but must always be super- 
induced as a secondary result of changes taking place 
elsewhere? It appears to me that the enly reason why 
evolutionists suppose this is because the particular varia- 
tion in question happens to have as its result the origina- 
tion of species ; and that, being already committed to a 
belief in natural selection or other agencies as the causes 
of such origination, they are led to regard this particular 
kind of local variation as not independent, but super- 
induced as a secondary result of these other agencies 
operating on other parts of the organism. But once let 
evolutionists clearly perceive that natural selection is con- 
cerned with the origin of species only in so far as it is 
concerned with the origin of adaptive structures—or of 
some among the secondary distinctions—and they will 
perceive that the primary specific distinction takes its 
place beside all other variations as a variation of a local 
character, which may, indeed, at times be due to the 
indirect influence of natural selection, use, disuse, and so 
forth ; but which may also be due to any of the number- 
less and hidden causes that are concerned with variation 
in general.? 

I trust, then, that reasons enough have now been given 
to justify my view that, if we take a broad survey of all 
the facts bearing on the question, it becomes almost im- 
possible to doubt that the primary specific distinction is, 
as a general rule, the primordial distinction. I say “as 
a general rule,” because the next point which I wish to 
present is that it constitutes no part of my argument to 
deny that in some—and possibly in many—cases the 
primary distinction may have been superinduced by the 
secondary distinctions. Indeed, looking to the occasional 
appearance of partial sterility between our domesticated 
productions, as well as to the universally high degree of it 
between genera, and its universally absolute degree 
between families, orders, and classes, I see the best of 
reasons to conclude that in some cases the sterility 
between sfecies may have been originally caused, and 77 
a much greater number of cases subsequently intensified, 
by changes going on in other parts of the organism. 
Moreover, I doubt not that of the agencies determining 
such changes natural selection is probably one of the 
most important. But what does this amount to? It 
amounts to nothing more than a re-statement of the theory 
of physiological selection. It merely suggests hypotheti- 
cally the cause, or causes, of that particular variation in 
the reproductive system with which alone the theory of 
physiological selection is concerned, and which, as a 
matter of fact, owsoever caused, is found to constitute the 
one cardinal distinction between species and species. 
Therefore 1 am really not concerned with what I deem 
the impossible task of showing how far, or how often, 
natural selection—or any other cause—may have induced 
this particular kind of variation in the reproductive 
system by its operations on other parts of an organism. 
Even if I were to go the full length that other evolu- 
tionists have gone, and regard this primary specific dis- 
tinction as in all cases due to the secondary specific dis- 
tinctions, still I should not be vacating my theory of 
physiological selection: I should merely be limiting the 
possibilities of variation within the reproductive system 
* Mr. Darwin himself does not appear to have held the view against 

which I am now arguing—v.z. that the primary distinction is always, or 
usually, superinduced by the secondary. Not even here, therefore, is his 
eg opposed to imy views: upon this question his voice is merely 
silent. Sse 
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in what I now consider a wholly unjustifiable manner. 
For, as previously stated, it appears to me much the more 
rational view that the primary specific distinction is like- 
wise, as a rule, the primordial distinction ; and that the 
cases where it has been superinduced by the secondary 
distinctions are comparatively few in number.t 

If we thus regard sterility between species as the result 
of what I have called a local variation, or a variation 
arising only in the reproductive system—whether this be 
induced by changes taking place in other parts of the 
organism, to changes in the conditions of life, or to 
changes inherent in the reproductive system itself—we 
can. understand why such sterility rarely, though some- 
times, occurs in our domesticated productions ; why it so 
generally occurs in some degree between species; and 
why as between species it occurs in all degrees. 

It rarely occurs in our domesticated productions 
because it has never been the object of breeders or horti- 
culturists to preserve this kind of variation, Yet it some- 
times does occur in some degree among our domesticated 
productions, because the changes produced on other 
parts of the organism by artificial selection do, in a small 
percentage of cases, react upon the reproductive system 
in the way of tending to induce sterility with the parent 
form, while not lessening fertility with the varietal form. 
Again, this particular condition of the reproductive 
system is so generally characteristic of species simply 
because in as many cases as it occurs it has constituted 
the reason why species exist as species. And, lastly, this 
particular variation in the reproductive system has taken 
place under nature in such a variety of degrees—from 
absolute sterility between species up to complete, or even 
to more than complete, fertility—because natural species, 
while being records of this particular &ézd of variation 
are likewise the records of all degrees of such variation 
which have proved sufficient to prevent overwhelming 
intercrossing with parent forms. Sometimes this degree 
has been less than at other times, because other con- 
ditions—climatic, geographical, habitatorial, physiologi- 
cal, and even psychological 2—have co-operated to prevent 
intercrossing, with the result of a correspondingly less 
degree of sterility being required to secure a differentia- 
tion of specific type. Lastly, where species have been 
evolved on different geographical areas, or by use, disuse, 
and other causes of a similarly “direct ” kind, there has 
been no need to prevent intercrossing in any degree ; so 
that allied species formed under any of these conditions 
may still remain perfectly fertile, or even more than 
naturally fertile, with one another. 

In view of these considerations, I should regard it as 
a serious objection to my theory if it could be shown that 
sterility between allied species is invariably absolute, or 
even if it could be shown that there are no cases of unim- 
paired fertility. What my theory would expect to find is 
exactly what we do find—namely, an enormous majority 

I The paper here develops another line of argument which it is difficult 
to render in abstract. Its object, however, is to show that, even in the cases 
where the primary distinction is superinduced by the secondary—whether 
these cases are, as I believe, ‘‘comparatively few” or comparatively nume- 
rous—my theory is available to-explain why the primary distinction is so 
habitual an accompaniment of the secondary distinctions, of whatever kinds 
or degrees the latter may happen to be. Tor, according to my theory, the 
reason of this association in such cases is that it can only be those kinds and 
degrees of secondary distinction which are able so to react on the repro- 
ductive system as to induce the primary distinction that are, for this 
reason, preserved, Or, otherwise expressed, in cases where the secondary 
distinctions induce the primary, the former owe their existence to the fact 
that they happened to be of a kind capable of producing this particular 
effect. Under this view, even in these cases it is the principles of physio- 
logical selection that have determined the kinds of secondary distinction 
which are allowed to survive. For these principles have, in all such cases, 
selected the particular kinds of secondary distinction which have proyed 
themselves capable of so reacting on the reproductive system as to bring 
about the primary distinction—a general view of the subject which appears 
to be justified by the very general association between the two. 

2 See ‘Origin of Species,” p. 8x, where it is shown that among verte- 
brated animals different varieties of the same species, even when living on 
the same area, frequently exhibit a marked repugnance to pairing with one 
another. In the same passage, it is remarked the different varieties some- 
times occupy different stations. 
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of instances where sterility occurs in all degrees, with a 
few exceptional instances where secondary distinctions 
have been able to develop without being associated with 
the primary distinction. So that, on the whole, I cannot 
but candidly consider that all the facts relating to the 
sterility of natural species are just what they ought to be, 
if they have been in chief part due to the principle which 
Iam advocating. Mr. Darwin appears to have clearly 
perceived that there must be some one principle serving 
to explain all these facts—so curiously related, and yet so 
curiously diverse. For he says, and he says most truly, 
“We have conclusive evidence that the sterility of species 
must be due to some principle quite independent’ of 
natural selection.” I trust I have now said enough to 
show that, in all probability, this hitherto undetected 
principle is the principle of physiological selection. 

(Zo be continued.) 

RED SUNSETS AND VOLCANIC ERUPTIONS 

HE great volcanic eruption in New Zealand raises 
anew the question of the connection between yol- 

canic eruptions and sunset phenomena arising from 
attenuated matter in the upper regions of the atmosphere. 
The theory that the noteworthy sunsets about the end of 
1883 were due to the Krakatao eruption has been’ ques- 
tioned on the ground that, in many parts of the world, 
these red sunsets have continued until the present time, 
though not with the same intensity as in 1883. Beauti- 
fully variegated sunsets have always been very common 
in this country. The result was that the sunset pheno- 
mena of 1383 did not appear to us as anything new in 
kind, but only as an intensification of something with 
which we were already familiar. In order to reach a 
decisive conciusion we must have observations made in 
regions where the upper atmosphere is exceptionally free 
from vapours or other attenuated matter. The advent of 
such matter can then be detected when it could not be 
detected at other places. Among such regions I would 
suggest South Africa, especially the Cape of Good Hope. 
During my brief residence there in November and De- 
cember of 1882, nothing was more striking than the 
extreme whiteness and purity of the western twilight. If 
such a twilight is there the rule during the whole year, | 
then any diffusion of volcanic vapour in the upper atmo- | 

I would | sphere must produce a very striking effect. 
therefore suggest to observers in that region the value of 
precise information on this point, especially with a view 
of learning to what extent, and within what time, the red 
sunsets of 1883 disappeared, and whether any such phe- 
nomena now reappear as the result of the volcanic 
eruption in New Zealand. S. NEWCOMB 

MR. FORBES’S EXPEDITION TO NEW 
GUINEA 

Nie eee will be glad to learn that a collection 
of natural history objects has been sent to England 

by our countryman Mr. H. O. Forbes, who has_ been 
doing good work on the Astrolabe Mountains in south- 
eastern New Guinea. Unfortunately a lack of proper 
support appears to have greatly crippled the efforts of this 
energetic traveller, who fears that he may be compelled to 
abandon his proposed expedition to Mount Owen Stanley, 
the ascent of which was the primary object of his explora- 
tions on leaving England. The disaster which befel 
Mr. Forbes at Batavia, where the boat with all his equip- 
ment for the expedition was capsized and everything lost, 
will be fresh in the recollection of our readers (see 
NATURE, vol. xxxil. p. 552), and it is only by the 
utmost display of courage and energy, and by a large 
pecuniary sacrifice on his own part, that Mr. Forbes has 
been able to fit out an expedition to New Guinea from 
Brisbane. It is to be hoped that the great Societies of 

this country and Australia will not allow this expedition 
to come to an end for lack of funds. Mr. Forbes has 
shown what he can do in the cause of science, and a 
little timely help would now enable him to conduct the 
work of exploration on which his soul is bent and bring it 
to a successful issue. It is not generally known in this 
country that during his last expedition to the Malay 
Archipelago he expended more than 600/. of his own 
money in endeavouring to render his expedition more 
complete, and nothing but a little generous encouragement 
is needed to enable him to sustain the serious pecuniary 
loss which has befallen him in his attempt to reach 
Mount Owen Stanley. At the time of writing, we hear 
that there is a prospect of Australia coming to the rescue 
and aiding Mr. Forbes towards the attainment of his 
object, and we trust that England will also do something 
for a man who, as an explorer and a naturalist, has 
reflected credit on his country. 

The district recently explored by Mr. Forbes has been 
visited before by Mr. Goldie and Mr. Hunstein, the latter 
of whom has procured some remarkable novelties among 
the Birds of Paradise, which have been recently described 
by Dr. Finsch and Dr. Meyer (Zed¢tsch. Ges. Orn. ii. pp. 
369-391). Hunstein has indeed penetrated further than 
Mr. Forbes was able to do on the present occasion, as the 
latter has as yet only worked the Sogeri district from a 
height of 1009 to 5000 feet, and this only in the rainy season. 
Among the many interesting species found by Mr. 

Forbes in the Sogeri district may be mentioned Harpy- 
opsts nove-guine@, Salvad, Charmosyna stelle, Meyer, 
Psittacella pallida, Meyer (scarcely to be distinguished 
from P. drehmi of Mount Arfak), P. madaraszt, Meyer, 
Los incondita, Meyer, Parotia lawesi, Ramsay, Lophorina 
minor, Ramsay, Paradisornis rudolphi, Meyer, Ambly- 
ornts subalarts, Sharpe, Paradisea raggiana, Sclater, 
Microdynamis parra, Salvad (Rhamphomantis rollest, 
Ramsay), Melidectes emilti, Meyer, Rallicula rubra, 
Schlegel, and many other notable species, amongst which 
are two which appear to be undescribed, viz., 

Melirrhophetes batest, sp. n. 
M. similis J7. ochromelani, Meyer, sed fascia supra- 

oculari cervina distinguendus. Long. tot. 9°3, culm. 1°35, 
ale 48, caude 4:2, tarsi 1°15. 

Pseudogerygone cinereiceps, sp. n. 

P. similis P. favilaterali, Gray, ex Nova Caledonia, sed 
minor, et rectricibus haud subterminaliter albo-fasciatis 
distinguenda. Long. tot. 3°4, culm. o-4, ale 1°9, caude 
1'2, tarsi 0°65. 

It was a little unfortunate for Mr. Forbes that 
Mr. Hunstein should have visited the Horse-shoe 
Range so shortly before the arrival of the former 
in New Guinea, but it says much for the complete 
way in which Mr. Forbes does his work of exploration, 
that he should have obtained specimens of nearly every 
one of the new species discovered by Mr. Hunstein. 
Unfortunately the Birds of Paradise were out of colour at 
the time of his visit, but the specimens sent are of great 
interest, as showing the moults and changes of plumage 
in these birds. Of the extraordinary species known as 
Prince Rudolph’s Bird of Paradise (Paradisornis rudolpht) 
with blue wings and blue flank-plumes, Mr. Forbes 
secured only one, apparently a female. As these surpris- 
ing novelties have been discovered in the Astrolabe 
Range, which has an elevation of less than 5000 feet, 
what prizes and discoveries may not be awaiting the ex- 
plorer if he reaches Mount Owen Stanley with an altitude 
of 13,e00 feet? May he succeed ! 

R, BOWDLER SHARPE 

THE PERSISTENT LOW TEMPERATURE 

T is seldom that the weather maintains such a decided 
persistency for temperatures below the average con- 

ditions. Week after week passes, and the thermometrical 
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records are monotonously alike in chronicling low tem- 
peratures over the whole country. 

The Weekly Weather Reports issued by the Meteoro- 
logical Office are compiled from observations at stations 
fairly representative of the whole of the British Islands, 
and the results are grouped into twelve districts. These 
returns show that the low temperature is not limited to 
any special area of the United Kingdom, but is common 
to every part. From the middle of May to the beginning 
of August there was only one week, ending July 5, in 
which the temperature was above the average in the 
western districts of England, Ireland, or the Channel 
Islands, whilst in the period of seven months from 
January 4 to August 2 the temperature in the north-west 
and south-west of England and in the Channel Islands 
has only been above the average in three weeks—March 
29, May 10, and July 5; and averaging the results for 
the whole of the British Islands, these are the only weeks 
in which the resultant temperature was above the average, 
and may fairly be considered the only warm periods during 
the seven months. 

This persistency of low temperature is to be traced over 
the whole of the past twelve months, commencing with 
the beginning of August 1885. To the three warm weeks 
already mentioned there must be added those of Novem- 
ber 9 and 30, December 21, and January 4, making seven 
in all, and these represent the only warm weeks through- 
out the entire period, and are the only weeks in which the 
mean temperature for the whole of the British Islands 
was above the average. 

The following table, which is compiled from the Weekly 
Weather Reports for the fifty-two weeks ending August 2, 
1886, shows the number of weeks with the temperature in 
excess or defect of the average, and the extent of the 
deficiency for the several districts. The averages used 
for the comparison are for the twenty years 1861-1880. 
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From this it is seen that the highest number of weeks 
during the year with the temperature above the average 
was twelve in the north-east of England, whilst the lowest 
was six in the Channel Islands. 
Throwing the weekly values together so as to form a 

monthly result, it is seen that November 1885 is the only 
month of the last twelve in which the resultant tempera- 
ture for the whole of the British Islands was above the 
average, and then the excess only amounted to 1° ; of the 
remaining eleven months, one was inagreement with the 
average, one had a defect of 1°, four had a defect of 2°, 
three a defect of 3°,and twoa defect of 4°. The three 
consecutive months having the greatest deficiency of tem- 
perature were January to March, the defect averaging 
fully 3° for the entire period. 

The rainfall for the same twelve months was above the 
average during the six months September, October, and 
November 1885, and January, May, and July 1886, the 
excess being larger in England than in Scotland or 
Ireland. It was in fair agreement with the average in 
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March and April, and in defect in the four months 
August and December 1885, and February and June 
1886. CHAS. HARDING 

THE PLIOCENE DEPOSITS OF NORTH- 
WESTERN EUROPE 

if the series of stratigraphical monographs on which 
the Geological Survey is engaged, the preparation of 

the volume treating of the Pliocene deposits has been 
assigned to Mr. Clement Reid. In pursuance of the plan 
on which these works are being written, I requested him 
to visit some of the Continental regions where deposits 
of corresponding age are best developed, and a personal 
acquaintance with which would extend his knowledge of 
their English equivalents. He has accordingly spent 
some time recently in Belgium and Holland, and 
among other localities visited the well-known exposures 
of the Diestian beds around Diest and Antwerp. The 
sections there laid open, the remarkable assemblage of 
organic remains contained in them, and the peculiar con- 
dition in which the shells at Diest have been preserved 
led him on his return to this country to re-examine the 
curious deposit of ironstone at Lenham, on the North 
Downs, in which, so far back as 1857, the occurrence of 
Pliocene shells was announced by Prof. Prestwich. Doubt 
was cast upon this identification of the age of these 
shells: by many geologists they were looked upon as 
Lower Eocene, though their original discoverer has con- 
sistently maintained his opinion. Mr. Reid has now been 
fortunate enough to obtain a considerable number of 
additional species that settle beyond doubt the Pliocene 
age of the Lenham beds, and thus confirm the view of 
the veteran Oxford Professor. The establishment of this 
point raises questions of such wide interest in geology 
that I feel justified in anticipating the appearance of the 
memoir in which the facts will be detailed. At my 
request Mr. Reid has drawn up the following report, 
which briefly embodies the facts he has brought to notice, 
and touches upon some of the problems which they 
suggest. ARCH. GEIKIE 

Some years ago Prof. Prestwich announced the dis- 
covery of beds of Pliocene age at a height of over 600 
feet on the North Downs (Quart. Fourn. Geol. Soc., vol. 
xiv. p. 322). The bad preservation of the fossils, how- 
ever, led Mr. S. V. Wood, who examined them, to mark 
all the species as doubtful, though he was inclined to 
agree that they were probably Pliocene. Owing to the 
unsatisfactory nature of the palzeontological evidence, 
and apparently also to an accidental mixture of Eocene 
fossils from other localities, this discovery has been dis- 
credited or ignored, though Prof. Prestwich himself has 
always maintained its accuracy. 

Recently, while preparing an account of the British 
Pliocene beds for the Geological Survey, it has been 
necessary for me to examine any outlying deposits which 
have been considered to belong to that period. For this 
purpose I paid a second visit to Lenham, near Maidstone, 
having several years ago examined that locality with no 
satisfactory result, owing to the obscurity of the sections. 
A number of blocks of fossiliferous ironstone were ob- 
tained from pipes in the Chalk—just as the original speci- 
mens were found.. These were brought to London, care- 
fully broken up, and impressions taken from the moulds 
of fossils with which the ironstone was filled. By this 
means a series of casts was obtained very much better 
than the obscure impressions so doubtfully determined by 
Mr. S. V. Wood. The result of the examination of these 
fossils has thoroughly corroborated Prof. Prestwich’s 
view, for there is not a single Eocene species among 
them. With two or three exceptions they are all known 
Pliocene forms ; some are new to England, though oc- 
curring in France and Italy. 
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The species obtained were the following, my determin- 
ations in every case being indorsed by Messrs. Sharman 
and Newton :— 

Pyrula reticulata, Lam. | 
Nassa prismatica, Broc. | diluvit, Lam, 
Ringicula ventricosa, J. Sow. England) 
Pleurotoma turrifera (2), Nyst.| Leda, sp. (not ZL. myalis) 

consobrina (?), Bellaidi Mucula, sp. 

(Upper Miocene) Diplodonta rotundata, Mont., 
Fouannett (?), Des M. oval var. 
(Upper Miocene) Cardium, 3 sp. 

Trophon muricatus, Mont. Cardita sentlis, Lam. 
Cerithium tricinctum, Broc. Astarte Basteroti, Laj. 
Turritella incrassata,J. Sow. | ,, gracilis, Munster 
Fusus, sp. (= an undetermined Zafes, sp. 

Red Crag species) Gastrana fragilis, Linn. 
Scalaria clathratula, Turt. Tellina donacina, Linn. 
Margarita trochoidea (2), S. V.\ Mactra, sp. 

Wood, var. Lutraria elliptica, Lam. 
Trochus millegranus, Phil. Teredo (?) 
Natica, 2 sp. Terebratula grandis, Blum. 
Bulla Agnaria, Linn. Lunulites (?) 
Ostrea, sp. (young) | Balanus, sp. 
Pecten, 2 sp. Diadema (?) 
Pectunculus glycimeris, Linn. | 

Arca lactea, Linn. 
(new to 

” 

” 

The first thing that strikes one in this list is that the 
whole of the living species are southern forms, and the 
nearest allies of the extinct species belong to much 
warmer seas than ours. This, and the general character 
of the fauna, and proportion of extinct species, lead me 
to refer the beds to the Older Pliocene period, and to 
correlate the deposit with our Coralline Crag and with 
the Lower Crag or Diestian-of Belgium. The fossiliferous 
clay of St. Erth, in Cornwall, I also think is of about 
the same age, and not newer. 

Some curious questions are raised by these recent dis- 
coveries, and by others equally remarkable in Belgium 
and Holland. We now find that, instead of the Older 
Pliocene period being one of elevation, there must have 
been wide-spread submergence over great part of Western 
Europe. 
rally considered to be our only representative of the 
period, and as it did not rise much above the sea-level, it 
was often assumed that much of the rest of England was 
dry land. Now it is known that Pliocene beds cap the 
highest parts of the North Downs, and from the undis- 
turbed position of the shells, unworn, and generally with 
the valves united, it is evident that the depth of water 
must have been sufficient to prevent the deposits at the 
bottom being affected by storms. A subsidence sufficient 
to allow only 20 or 30 fathoms of water over the highest 
parts of the North Downs (and the depth in which the 
Lenham shells lived could hardly have been less) would 
submerge the whole of the east and south of England, 
except a few hills. : 

In Cornwall also there appears to have been a sub- 
mergence to a considerable depth, for the St. Erth clay 
was evidently laid down in still water, which would not 
be found at a less depth than 4o or 50 fathoms in a dis- 
trict exposed like this to the Atlantic swells. The fossils 
also in that clay point to some considerable depth of 
water, while the general flattened contour of the country 
suggests that this district has nearly all been submerged 
within a comparatively recent period. The lower parts 
of Cornwall form a smooth, undulating country, out of 
which rise abruptly the higher hills. Round one of these 
hills—St. Agnes Beacon—coarse sand is found at a high 
level. This is probably a beach deposit of the same age 
as the clay at St. Erth, though all fossils have now dis- 
appeared from it. Cornwall seems at that period to have 
formed a scattered archipelago like the Scilly Islands. 
Among the hard rocks of Cornwall denudation does not 

appear much to have changed the general configuration 
of the country since the Older Pliocene period. Moreover 

A few years since the Coralline Crag was gene- | 

| expect to find in the Coralline Crag the deposits and fauna 

the Phocene deposits were probably never continuous or 
thick, but merely formed patches in sheltered places and 
round the shores, the rest of the sea-bottom being rocky. 
In the south-east and east of England, however, the case 
was different, for the rocks of that region are soft and 
much more easily denuded. The position of the Lenham 
beds, at the very edge of an escarpment, over 600 feet 
above the sea, indicates that the great valleys of the 
Thames and Weald have to a large extent been excavated 
since Pliocene times. 

On the other hand, the question arises whether the 
elevation of the Wealden axis was still in progress during 
the Pliocene period. That the greater part of this 
enormous disturbance had been completed before that 
period seems proved by the absence of any Pliocene beds 
in the Hampshire or London basins in the synclinal folds 
parallel with the Weald. But there is possibly evidence 
of less violent movements of upheaval in the different 
levels at which Older Pliocene beds now occur. We find 
the Coralline Crag slightly above the present sea-level, 
the Lenham beds 610 feet above, while at Utrecht ‘ 
deposits of about the same age are found at a depth 
of at least 1140 feet below the sea, and their bottom 
has not yet been reached.! If the movements in North- 
Western Europe have been regular and of equal amount 
everywhere, then, taking the Downs near Lenham as the 
starting-point, with a depth of 20 fathoms, we should — 

of 120 fathoms, and at the bottom of the well at Utrecht _ 
those of 310 fathoms. ‘ 

A Pliocene fauna of over 300 fathoms would be most 
interesting to examine, but of such a fauna no trace has 
yet been detected anywhere in North-Western Europe. 
The Pliocene deposits, though now at such different levels, 
are shown by their included fossils to have been laid down 
in about the same depth of water. Though differing 
much in mineral composition at the various localities, 
they nevertheless agree as closely in regard to their shells 
as the very different nature of the sea-bottoms would lead 
us to expect. The whole 1143 feet of Pliocene and Pleis- — 
tocene beds at Utrecht consists of essentially shallow- 
water deposits, pointing to a continuous depression. 

Were we to assume that the present positions of the 
Pliocene deposits of the north-west of Europe represent 
the relative depths at which the beds were originally laid 
down, a curious difficulty would present itself in any attempt 
to compare the Pliocene and recent sea-bottoms. Anydeep 
depressions in the seas around England are now filled 
with cold water and contain an Arctic fauna. In similar 
depths during the Pliocene period one would expect to find 
a similar fauna, unless there existed, as in the Mediterra- 
nean, a barrier to cut off the Polar currents, or unless 
there was at that time no cold area at the Pole. Neither 
of these explanations seems sufficient, and it is more 
probable that those geologists are right who maintain 
that the direction of the movements in areas of sub- 
sidence or elevation remains the same during long periods. 
Holland may thus have undergone continued, though 
probably intermittent, depression since the early part of 
the Pliocene period ; thus allowing the accumulation of 
a great thickness of shallow-water Newer Tertiary beds. 
The axis of the Weald, including the Downs near Len- 
ham, has been correspondingly elevated. Suffolk was 
little affected, and the deposits were therefore, in that 
district, thin and largely of organic origin. : 

I do not bring forward these conclusions as to elevation 
and submergence as indisputable facts, but merely as the 
results of my recent studies in the Pliocene beds at home 
and on the Continent. Any day new discoveries may 
profoundly modify our views, but the curious facts will 
remain, that Northern Europe has yielded only a shallow- | 
water Pliocene fauna, and no trace of boreal outliers such — 

* See Dr. J. Lorié, “ Contributions 2x la Géologie des Pays-Bas,’ 
Archives du Musée Teyler, ser. ii. vol. ii. part 3. 

5 
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as occur in our existing seas—and this notwithstanding 
the very different levels at which Pliocene beds now occur 

CLEMENT REID 

EARTHQUAKE-RECORDERS FOR USE IN 
OBSERVATORIES 

ae ee years ago the writer described in NATURE (vol. 
xxx. pp. 149 and 174) some of the instruments which 

NATBGRE 

he had designed and used in Japan for the registration and 
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Fic. r.—Complete three-component seismograph, for motions in all direction .. 

making them easily capable of use by observers who have 
not made seismometry a special study. They are entirely 
self-recording, and require little attention during the long 
intervals which must, in most situations, be expected to 
elapse between one period of activity and the next. 
-One group of instruments is arranged to give a com- 

plete record of every particular of the movement by 
resolving it into three rectangular components-~-one 
vertical and two horizontal—and registering these by 
three distinct pointers on a sheet of smoked glass which 
is made to revolve uniformly by clockwork. A single 

S43 

analysis of earthquake movements. In response to appli- 
cations from the directors of several observatories, who 
wished to add seismometric apparatus to their other 
equipment, arrangements were some time ago made with 
the Cambridge Scientific Instrument Company for the 
manufacture of instruments by aid of which the observa- 
tion of earthquakes might become part of the ordinary 
work of any meteorological or astronomical station where 
such movements occasionally occur. In the design of 
these seismogravhs the object has been kept in view of 

Fic. 2.—Duplex pendulum seismograph, for horizontal motion. 

earthquake always consists of many successive displace- 

ments of the ground; hence the record traced by each 

pointer on the moving plate is a line comprising many un- 

dulations, generally very irregular in character. The ampli- 

tude, period, and form of each of these are easily measured, 

and by compounding the three we obtain full information 

regarding the direction, extent, velocity, and rate of 

acceleration of the movement at any epoch in the dis- 

turbance. 
This group of instruments is shown in Fig. 1. In the 

centre is the plate of smoked glass, which gets its motion 
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through a friction-roller from a clock furnished with a 
centrifugal governor, acting by fluid-friction, and balanced 
so that its speed is not sensibly affected by the shaking of 
the ground. The clock is started into motion by means 
of a Palmieri seismoscope, which appears in the figure 
behind the plate, on the right. This is a small common 
pendulum whose bob carries at the bottom a piece of 
stiff platinum wire that projects into a recess ina cup of 
mercury below—the recess being formed by an iron pin 
standing lower than the surface of the surrounding mer- 
cury. On the slightest shaking of the ground, contact 
with the edge of the mercury takes place, and this closes 
a circuit which releases an electro-magnetic detent and 
starts the clock. This occurs during the preliminary 
tremors which are usually found in advance of the main 
movements of an earthquake. The same circuit starts 
another clock (of the escapement type) which fulfils 
two functions. It marks time on the revolving plate 
during a part of the first revolution, and then continues 
to go as an ordinary clock, so that, by inspecting its dial 
afterwards, the interval which has elapsed from the oc- 
currence of the earthquake is known, and the date of the 
shock in hours and minutes is thus determined with as 
much precision as the phenomenon admits of. This part 
of the apparatus is omitted from the figure. The two 
horizontal components of motion are recorded by a 
pair of horizontal pendulums, set at right angles to 
each other, but with their indices inclined so that they 
write side by side on one radius of the plate. The pen- 
culums are supported on a single stand, but with inde- 
pendent adjustments for position and stability. Each has 
two pivots, consisting of hard steel points, which turn in 
sapphire centres. At the pivots and at the tracing-points 
every effort has been made to avoid friction. The indices 
are of aluminium, and a part of their weight is taken by 
springs (not shown in the figure), so that their pressure 
on the plate may be no greater than is necessary to pro- 
duce a trace on the sooty film. The vertical component 
of motion is recorded by the instrument which appears 
behind the clock. A massive bar, free to move vertically 
about a horizontal axis, is held up by a pair of long spiral 
springs. Its equilibrium is made nearly neutral by ap- 
plying the pull of the springs at a suitable distance below 
the horizontal plane through the axis of support, in the 
manner described in the article to which reference has 
already been made. A bell-crank lever with a jointed 
index gives a multiplied trace of the apparent vertical 
oscillations of the bar, which correspond to vertical dis- 
placements of the ground. In this instrument, as in the 
others, sapphire centres are used to minimise friction. 

Records inscribed on the plate are preserved by var- 
nishing the plate, and using it as a “negative” to print 
photographs. The motion, as recorded, is magnified to 
an extent which experience of Japanese earthquakes has 
shown to be desirable in dealing with disturbances ranging 
from those which are just recognisable as earthquakes up 
to those which are to some extent destructive. For great 
earthquakes, separate apparatus of the same type is de- 
signed, in which the multiplying indices are dispensed 
with, and the scale and style of the other parts are con- 
siderably modified. 

Another and distinct instrument, also manufactured by 
the Cambridge Company, is the duplex pendulum seismo- 
graph, shown in Fig. 2. A massive bob is hung by three 
parallel wires from the top of a three-cornered box, and is 
reduced to nearly neutral equilibrium by being coupled by 
a ball-and-tube joint to the bob of an inverted pendulum 
below it. The two form a system which can be made as 
nearly astatic as is desirable, and so furnish a suitable 
steady-point for the horizontal part of earthquake move- 
ment in any azimuth. The motion is magnified and 
recorded by a vertical lever geared to the upper bob by a 
ball-and-tube joint, supported on gimbals from a bracket 
fixed to the box, and furnished with a jointed index 
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which writes on a fixed plate of smoked glass. Records 
of the kind which the duplex pendulum gives are of 
course incomplete in two important particulars: they 
show nothing of the vertical motion (which, however, is 
usually a comparatively small part of the whole), and 
they show nothing of the relation of ¢me to displace- 
ment throughout the disturbance. But they exhibit very 
clearly the change of direction which the movements 
undergo, and the actual direction taken by any pro- 
nounced element of the shock. The writer has recently 
learnt from his former assistant, Mr. Sekiya, now Pro- 
fessor of Seismology in the University of Tokio, that as 
many as fifteen of the duplex pendulum seismographs 
are in use by official and private observers in Japan. 

The instrument shown in the figures are now on view 
at the Edinburgh International Exhibition (Court 21, 
No. 917). Similar sets are being made for the Lick 
Observatory, California, the Ben Nevis Observatory, and 
other places. It is scarcely necessary to add that they 
show the high finish and perfection of workmanship 
characteristic of the Cambridge Company’s manufactures. 
To Mr. Horace Darwin the writer is especially indebted 
for a number of suggestions the adoption of which has 
contributed much to scientific accuracy in details and 
simplicity in structural arrangements. 

J. A. EWING 

THE INSTITUTION OF NAVAL ARCHITECTS 
AT LIVERPOOL 

HE Institution of Naval Architects departed this year 
from their almost invariable custom of holding 

meetings in London, and had a most successful series of 
meetings at Liverpool. The papers read were few in num- 
ber, but they were of special, and, in some cases, unusual 
interest. The meetings were attended by a large number 
of the Members of the Institution, as well as Liverpool 
scientific men, shipowners, underwriters, engineers, and 
others interested in the subjects of discussion. A local 
paper was read by Mr. G. F. Lyster, C E., the Engineer 
to the Mersey Dock and Harbour Board, upon the Docks 
of Liverpool; Prof. F. Elgar read a paper upon “ Losses 
of Life at Sea”; Mr. B, Martell upon “The Carriage of 
Petroleum in Bulk on Over-sea Voyages’’; Mr. W. John 
upon “ Atlantic Steamers”; and Mr. W. Parker on the 
“ Progress and Development of Marine Engineering.” 

Prof. Elgar’s paper upon losses at sea has attracted much 
attention. It contains a general analysis of the losses 
that happened during the triennial period that has 
recently caused so much controversy as to whether loss 
of life at sea is increasing or not, viz. the three years 
1881-83. Details are given, in a set of tables appended to 
the paper, of the steamers and iron sailing ships belonging 
to the United Kingdom, of and above 300 tons gross 
register, that were reported to the Board of Trade as 
foundered or missing during the five calendar years 
1881-85.. The facts contained in these tables show clearly 
the great advantage it would be to the shipping com- 
munity if such information were published periodically 
in a clear and convenient form. Probably no docu- 
ments that emanate from any Government Department 
are more bewildering, or more difficult to extract any 
tangible information from, than the voluminous and com- 
plicated returns of wrecks and casualties, and of lives lost 
at sea, that are published annually by the Board of Trade. 
We hope that the attention of the Royal Commission 
now sitting upon Less of Life at Sea, has been forcibly 
directed to the many imperfections and the comparative 
uselessness of the present published returns that profess to 
deal with these matters ; and that one of the Committee’s 
recommendations will be that something should be done 
to make them clear and instructive. 

There is another cognate matter which we hope will also 
be dealt with satisfactorily by the Royal Commission, viz. 

a eee 
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the manner in which wreck inquiries are now conducted. 
As matters stand, the evidence obtained at those inquiries, 
and the rulings that are given by the Courts, have no 
scientific or practical value. There is no class of quasi- 
scientific literature that we know of which contains more 
bad science than is to be found in the rulings of the 
Wreck Inquiry Courts. Prof. Elgar puts the case very 
mildly when he says that the returns of the Wreck In- 
quiry Courts are not all that might be wished as regards 
the publication of facts connected with losses, and that 
they are often imperfect and erroneous where difficult 
technical points are involved. He adds that “this pro- 
bably arises from the perfunctory character of many of 
the inquiries ; as it has been explained by the Wreck 
Commissioners that the number of inquiries, and the dis- 
tant places at which they are sometimes held, often make 
exhaustive inquiries impossible.” 

Nothing can be held to excuse imperfect inquiries into 
the causes of those losses at sea which have formed the 
subject of so much public discussion and excitement, and 
respecting which a Royal Commission is now sitting ; and 
nothing would be more likely to promote an increase of 
knowledge, or to lead to the adoption of precautions for 
preventing losses, than thorough and trustworthy inquiries 
into the causes of those losses that so frequently occur. 

The conclusions arrived at by Prof. Elgar in his paper, 
as the result of an examination of the analysis contained 
in it, are the following :— 

(1) The shifting of cargoes is one of the chief causes 
of the foundering of steamers and iron sailing ships at 
sea, independently of mere depth of loading. 

(2) Dangerous shifting of grain sometimes takes place 
through hasty and imperfect stowage, inefficient shifting- 
boards, or weakly-constructed end bulkheads, or through 
the omission to fit end bulkheads, where such are re- 
quired on account of the density of the cargo; and 
dangerous shifting of coal sometimes takes place, because 
it is carried in compartments that are not fitted with 
shifting-boards. 

(3) Many steamers carrying grain and coal cargoes— 
notably the class of narrow three-decked steamers built 
several years ago—are vessels that have insufficient stiff 
ness when fully Jaden, to resist heeling to a dangerous 
angle, in the event of cargo shifting or of water getting 
below. 

(4) The effect upon such vessels of the shifting of cargo, 
and of water below, is generally to hold them over at a 
considerable angle of inclination, but not to completely 
capsize them. 

(5) Pumping power at the bilges is often an essential 
condition of preventing loss in such circumstances, and of 
getting a vessel righted. 

(6) ‘The stability of these vessels when laden with the 
various cargoes they are likely to carry, should be com- 
pletely determined by calculation before they are sent to 
sea; and clear instructions, based upon the information 
so obtained, should be framed for the guidance of those 
who are responsible for their loading. Such instructions 
should include particulars of the empty spaces to be left 
in the ’tween decks, or of the weight of ballast to be 
carried, or both, for each class of cargo. 

(7) All the authentic particulars procurable of ships 
that have foundered and are missing, and of the circum- 
stances and the manner in which the foundered ships 
were lost, should be collected and published periodically 
for the information of the shipping community. 

(8) The losses of steamers through the shifting of 
~ cargoes seem to be chiefly among the narrow steamers of 
the three-decked type that were built several years ago. 
The steamers of that type that have recently been built 
have more beam and much greater stability than those 

into this type of vessels, will lead to a diminution of losses 
among them. 

Mr. Martell’s paper upon “ The Carriage of Petroleum 
in Bulk on Over-sea Voyages” deals very fully with the 
history of the carriage of petroleum by sea, and the 
special-precautions that are necessary to enable it to be 
carried safely and economically in ships. Besides those 
points, however, that are special to the treatment of 
petroleum as a cargo, there are others which naturally 
grow out of a consideration of the subject. There 
is, for instance, the important question of the use 
of liquid fuel for marine propulsion. The mechanical 
difficulties involved by this have now been overcome, so 
that astathi, the residuum of crude oil, might be profitably 
used as fuel for steamers employed upon compara- 
tively short voyages. It is largely and successfully used 
for marine propulsion on the Caspian Sea, where oil is 
very cheap and coal is very expensive. The chief obstacie 
at present to extending the use of this fuel is its cost. 
The price of astatki at Baku varies from 4d. to 1s. 3d. per 
ton ; the carriage by rail to Batoum raises the cost at that 
port to about 1/.; and after adding freight charges for 
bringing it to this country, its total cost on delivery would, 
according to Mr. Martell, be not less than 2/. 2s. From 
these figures it must be evident that while the best steam 
coal can be shipped at Cardiff for about 9s. per ton, liquid 
fuel cannot be economically used in competition with it. 
As the cost of transport of liquid fuel from Baku to Batoum 
becomes reduced—and this can only be a question of 
time—there is no doubt that liquid fuel will come into 
general use for local steamers, and most likely for many 
steamers trading in the Mediterranean. 

Mr. W. John refers, in his paper upon “ Atlantic 
Steamers,” to several matters that are of importance to 
the travelling public. He advocates the adoption of 
twin-screws in first-class Atlantic steamers as a provision 
gainst total breakdown in the event of a shaft, or of any 

other vital part of the propelling machinery, giving way. He 
also advocates a middle-line bulkhead, and greater internal 
subdivision generally, so that ships may be more safe in 
the event of a compartment being bilged through col- 
lision. Mr. John states that improved designs for the 
Atlantic passenger steamers of the future now form the 
subject of work and investigation in the drawing-offices 
of several shipyards. The developments that are taking 
place are, doubtless, generally in the direction of provid- 
ing greater safety against accidents to the hull of the ship, 
or to the propelling machinery, by means of greater in- 
ternal subdivision and twin-screw engines. Higher speeds 
than any yet realised are being contemplated by building 
purely passenger vessels that will carry no cargo ; and 
many improvements of details, which are in the direction 
of making the accommodation for passengers more like 
that furnished by a first-class hotel, are also being devised. 

Mr. Parker’s paper upon “ The Progress and Develop- 
ment of Marine Engineering” forms a supplement to 
one read by Mr. F. Marshall before the Institution of 
Mechanical Engineers at Newcastle-on-Tyne, in 1881. 
Mr. Parker traces the progress that has been made in 
economy of steam propulsion since the introduction of the 
triple expansion-engine by Mr. A. C. Kirk in_ 1874. Mr. 
Kirk fitted triple expansion-engines to the Propontis for 
Mr. W. H. Dixon, in that year, with boilers designed for 
a working pressure of 150lbs. per square inch; but the 
boilers did not prove satisfactory, and were ultimately 
removed. The next triple expansion-engines were those 
of the yacht Zsa, designed by Mr. A. Taylor, of New- 
castle-on-Tyne, in 1877 ; and those of Messrs. G. Thomp- 
son and Sons’ steamer, Aderdeen, which were constructed 
by Mr. A.C. Kirk, in 1881, for a steam pressure of 125 lbs. 
er square inch. The Aberdeen was the real pioneer 

formerly built, and it may be confidently hoped that the | yessel of the triple expansion type of engine; as it was 
attention which has been given to this matter of late, and 
the improvements that have consequently been introduced 

proved in her that triple expansion-engines could be made 
not only to fulfil all the ordinary conditions of working at 
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sea, but to effect a great economy in coal-consumption. 
Since then the new system has come rapidly into use, 
and shipbuilders and marine engineers are now looking in 
the direction of triple and quadruple expansion-engines 
for the economical advantages of high-pressure steam in 
future ships. 

It is estimated that the present triple-expansion marine 
engine, with 150 lbs. of steam-pressure, has an advantage 
of from 20 to 25 per cent. in economy of coal consumption, 
over the ordinary compound engine with go lbs. pressure, 
which it is rapidly supplanting. These results have been 
achieved through a clear appreciation of the waste of 
energy which is caused by the alternate heating and 
cooling of a steam cylinder that takes place in conse- 
quence of the difference of temperature at which the 
steam enters and leaves it. The steam-jackets introduced 
by James Watt as a cure for this were imperfect and 
wasteful in their action. An effectual remedy has been 
found as the result of many years of study and experi- 
ment by men of science and engineers, by expanding the 
steam successively in several cylinders, so as to make the 
variation of the temperature of the steam in each cylinder 
as small as possible. 

NOTES 

WE greatly regret to announce the death of Mr. George 
Busk, F.R.S., the well-known surgeon and naturalist, in the 

seventy-eighth year of his age. We must reserve a detailed 

notice of Mr. Busk’s life and work. 

GEOLOGISTS will be sorry to hear of the death of Mr. Gerrard 
Kinahan, son of the well-known geologist of the Geological 

Survey of Ireland. Last October he accepted an appointment 

in the service of the National African Trading Company. The 

last letter received from hin gave an interesting account of his 

explorations up the southern tributaries of the Niger. He died 

on May 23 from a wound with a poisoned arrow in a fight with 

the native tribes at a place called Anyappa. His training as a 

chemist and geologist at the College of Science in Dublin and 

also at the School of Mines in London had thoroughly qualified 

him for original research, and his quietly enduring temperament 

and kindliness of nature augured a most successful scientific 
future, whether at home or abroad. But he has been cut down 

on the very threshold of his career—ancther young victim to 

the dangers of African exploration. 

THE death is announced of Dr. R. J. Mann, F.R.C.S., 

aged sixty-nine. Dr. Mann was for three years President 

of the Meteorological Society, and was a Member of the 
Astronomical, Geographical, Photographic, and other Socie- 
ties. He gave up his medical practice to take a Govern- 
ment appointment in Natal, where he served as head of 

the Education Department and Medical Officer for many years. 
On his return, about 1864, he became Emigration Agent for the 
Colony, and when, some ten years later, he resigned that post, 

he devoted himself to his favourite scieatific pursiits. He was 

a popular and prolific writer. The protection of buildings from 

lightning was a subject on which he wrote a g 01 deal, and for 
which he did much valuable work. 

M. CHEVREUL, the illustrious French chemist, will complete 

his hundredth year on Monday next. 
seum in honour of the occasion is being organised. Delegations 

from foreign countries as wellas from the provinces are expected. 
In one of the sa//es at the Museum there is to be an exhihition 
presenting a 7dswmé of the scientific labours and discoveries of 

M. Chevreul. The banquet will be at noon, in order that the 
famous centenarian may himself be present. 

Our Vienna correspondent writes:—‘‘ Dr. von Frisch, 

having recently experimented on preventive inoculations for 

hydrophobia, has made a preliminary communication to the 

A grand fé/e at the Mu- | 

Vienna Academy of Sciences, in which he states that it was im- 
possible for him to prevent the breaking out of rabies by means 

of Pasteur’s method if the infecting virus (of at least fourteen 
days’ incubation) were administered to previously healthy 
animals by trepanning. This latter method of artificial infection 
of animals Dr. von Frisch suggests to be the only safe one. He 
made his experiments on rabbits and on dogs. At first sixteen 
healthy rabbits-were trephined, and the virus (of sixteen days’ 

incubation) was injected under the dura mater. Fifteen of these 
rabbits were then subjected at intervals to the usual preventive 
inoculations, the remaining one not being inoculated. All these 
animals except one, which, as Frisch believes, was not sufficiently 

infected, died between the fourteenth and thirty-third day after 

infection, with symptoms of rabies, and if particles of their 
spinal cord were injected into healthy rabbits, the latter also 
became rabid. Similar experiments were then made on dog , 
and with the same results. But a series of rabbits infected by 
subcutaneous injection of the virus, and then treated by Pasteur’s 

method, continue healthy up to the present time.” 

THE Grosvenor Museum for Chester and North Wales was 

opened at-Chester on Monday by the Duke of Westminster. 
The new museum is intended as the home of four influential 
local societies—namely, the Chester Society of Natural Science, 

founded by Charles Kingsley; the Chester Archeological 
Society, which is closely associated with the name of the late 
Dean Howson ; the Chester Schools of Art ; and the Chester 

Science Classes. The first floor is devoted entirely to science, 

except one room to be used as a laboratory, a committee-room, 

anda model-room for the school of art. The upper floor is entirely 
devoted to the school of art. In the several rooms there are 
exhibited specimens illustrative of the natural history of the 

district, water-colour drawings, collections of antiquities, oil 

paintings, wood carvings, a collection of pictures by members of 
the Art Club, appliances for science teaching, memorials of 

Canon Kingsley and Dean Howson, a collection of objects 
illustrative of Oriental art, a magnificent collection of tapestry, 
choice embroidery, lace, porcelain, textile fabrics, &c. 

THE autumn congress of the Sanitary Institute of Great 
Britain will be held in the city of York on September 21 and 

following days, under the Presidentship of Sir T. Spencer 

Wells, Bart. 

THE summer meeting of the Institution of Mechanical En- 

gineers will be held on Tuesday morning, August 17, and 

Wednesday morning, August 18, at 25, Great George Street, 

Westminster. The following papers have been offered for read- 
ing and discussion after the address by the Pre ident :—Experi- 

ments on the steam-jacketing and compounding of locomotives 

in Russia, by M. Alexander Borodin, of Kieff ; on the working — 

of compound lecomotives in India, by Mr. Charles Sandiford, of 
Lahore; description of a portable hydraulic drilling-machine, 
by M. Mare Berrier-Fontaine, of Toulon ; description of the 

Blackpool electric tramway, by Mr. M. Holroyd Smith, of 

Halifax ; on triple-expansion marine engines, by Mr. Robert ~ 

Wyllie, of Hartlepool. i 

THE French Association for the Advancement of Science 
begins its annual meeting to-day at Nancy. 

Tue lectures recently delivered at Oxford by Prof. Sylvester 

on his ‘*New Theory of Reciprocants,” will appear in the 
coming numbers of the American Fournal of Mathematics. The 
lectures are presented in quite simple style, and will be exceed - 
ingly interesting to all students of the modern algebra, or, more 

accurately, of the theory of invariants. The first eight or nine 
lectures will appear in the forthcoming number of the Fournal, 

vol. viii. No. 3. 

A Society for the study of anthropology has been founded in 
Bombay. Before the departure of the East Indian mail the 



i i il ee ae 

=," 

August 12, 1886] NATURE 347 

second ordinary meeting of the Society had been held, and Mr. 

E. Tyrrel-Leith, the President, was able to give a very satis- 

factory account of its prospects. 

THE report of the Directors and Secretary of the City and 

Guilds of London Institute on the technological examinations of 

the present year has just been issued. It states that there is a 

large increase in the number of candidates who presented them- 

selves, and a satisfactory increase in the number of those who 

have passed. In 1885, 3968 candidates were examined, of whom 

2168 passed. In 1886, 4764 candidates were examined, of 

whom 2627 have passed. Examinations were held this year in 

48 subjects. Applications for exanination were received in all 

the 49 subjects, but, as only one candidate presented himself in 

sugar manufacture, in accordance with the regulations of the 

Institute no examination was held in this subject. Last year 

examinations were held in 42 subjects. The subjects in which 

there has been the greatest increase in the number of candidates 

are mechanical engineering, plumbers’ work, electric lighting, 

and gas manufacture. One new subject was this year added to 

the list—namely, brickwork and masonry, in which 99 candidates 

came up, and of these 57 satisfied the examiners. In addition 

to the practical examinations in weaving and pattern designing, 

in metal-plate work, in carpentry and joinery, and in mine-sur- 

yeying, which had been previously held, a practical examina- 

tion was held this year for the first time in typography. Seventy- 

seven candidates presented themselves for this examination, of 

whom 32 have succeeded in obtaining a certificate. From the 
returns furnished in November Jast, it appears that 7660 persons 

were receiving instruction in the registered classes of the Insti- 
tute, as compared with 6396 in the previous year. This increase 

is due partly to increased attendance at some of the classes, and 

partly to the formation of new classes, the number of classes in 

connection with the Institute having increased from 263 in the 

Session 1884-85 to 329 during the past year. These classes 

were held in 116 different towns of the United Kingdom. 203 
prizes have this year been awarded, being an increase of 26 on 

those granted last year. These awards include 180 money 

prizes, 65 silver and 138 bronze medals, of which 62 are in the 

honours grade and 141 in the ordinary grade. Last year there 

Were I77 money prizes, 51 silver and 126 bronze medals. 

Tue Norwegian Meteorological Institute of Christiania has 
adopted an ingenious plan for disseminating its weather reports 

among the farmers, fishermen, &c. 
every train departing from the capital to any part of the country 

after 3 p.m. a signal is exhibited indicating the weather to be 
expected for the ensuing twenty-four hours. These signals are 

very simple, consisting of red and white triangles, squares, and 
balls, each of which, or several combined, have their meaning ; 

a white ball, for instance, ‘‘fine weather,’ &c. These signals 

will also be displayed from the masts of several coasting steamers. 

The arrangement is in force from July 1 to October 1. 

ACCORDING to the official returns of the Minister of Educa- 
tion in Prussia the number of students in philology and the 

kindred subjects of philosophy and history in that kingdom— 
now for a considerable time known to be sensibly on the decrease 

in the field of the ancient classics—has altogether steadily 
declined from Michaelmas 1881 to Easter 1885. The number 

of students of philosophy, philology, anl history at the Uni- 
versities of Prussia amounted in the winter session of 1881-82 

to 2522, in the summer session of 1882 to 2535, in the winter 
session of 1882-83 to 2504, in the summer session of 1883 to 

2398, in the winter session of 1883-84 to 2311, in the summer 
session of 1884 to 2258, and in the winter session of 1884-85 to 

2181. Within a period of 3} years, therefore, the decline in 

the number of students of philosophy, philology, and history has 
been about 14 per cent. 

Thus, on the brake of- 

A LARGE specimen of the lizard tribe imported from Japan 

into the Colonial and Indian tropical aquarium lately died in the 

act of extruding her eggs, numbering eight. One of her feet 

that had become broken during her existence was found to have 

grown again. A further consignment of turtles has arrived at 

the aquarium together with a number of eggs, which have been 

placed in the Chelonian hatchery for incubation. Some fine 

specimens of foreign oysters have also arrived. 

Tuar kingfishers possess a remarkable instinct to avoid those 

fish proving harmful to them is exemplified by the following in- 

cident. A correspondent informs us that being infested with 

these birds he set traps for them in two of his ponds, one con- 

taining minnows and the other perch. A capture was effected 

daily where the minnows were located, but on no occasion was 

a kingfisher caught near the perch pond. The latter fish are 

injurious to birds. 

M. Gasron TISSANDIER in a recent number of La Nature 

describes the efforts made by himself and his brother to pursue 

the subject of aérial photography. For this purpose they sought 

the assistance of M. Paul Nadar, whose father made the first 

‘attempts twenty-eight years ago, to take photographs from 

balloons. An ascent was made on July 2 from Auteuil, the 

descent taking place after a voyage of about six hours at Ségrie 

in La Sarthe, the length of the journey being about 180 kilo- 

metres. The maximum altitude exceeded 1700 metres. During 

the voyage M. Nadar succeeded in executing thirty instantaneous © 

photographs, a dozen of which are, M. Tissandier says, unques- 

tionably the most perfect yet obtained from a balloon. ‘These 

were taken at various altitudes, ranging from 800 to 1200 metres. 

They were perfect in all details, but lose by reproduction by 

heliogravure. Those taken at 1200 metres it has been found 

impos ible to reproduce at all, as they lose all their fineness in 

the process. The apparatus was placed in different positions on 

the edge of the car, sometimes being almost vertical, sometimes 

inclined so as to form with the horizon an angle varying from 

25° to 45°. The time in each case was 1/250th part of asecond. 

M. Nadar has enlarged some of the photographs with the new 

Eastmann paper with remarkable success. It is obvious from 

the illustrations given in Za Nature that the photographs have 

suffered in the reproduction, the details being slightly blurred 

and indistinct, but the streets, principal houses, gardens, &c., 

are perfectly clear in the two pictures which were taken at alti- 

tudes of 800 and 1100 metres respectively. 

A RECENT number of the British North Borne» Herald con- 

tains a report on the climate of North Borneo, by Dr. Walker, 

the principal medical officer, which is interesting as being the 
first scientific account of the meteorolozy of this recent addition 

to the British Empire. The climate, Dr. Walker says, is notice- 
able for nothing more than for its equability and the absence of 

extremes. The temperature, rainfall, winds, natural phenomena 

generally, and the diseases are, for a tropical country, of the 
most mild and temperate types. The country is visited by the 

regular monsoons at the ordinary times ; the rainfall near the 
coast, according to records kept for seven years past, ranged 

from 156’9 to 101°26, and averaged 124°34. The temperature 

recorded at the coast has ranged between the extremes of 67°°5 
and 94°°5 ; better arrangements are now being made for observing 
temperatures. The absence of tornadoes and earthquakes is to 
be noticed. ‘The only indication at the present day of the exist- 

ence of volcanic action is a hot spring, which is reported to exist 
on an island near the coast. The bulk of the report is occupied 

with information of a more medical kind, such as the chief 

diseases, and their respective effects on the various races, native 

and immigrant, in North Borneo ; sanitaria, and the like. 

At a recent meeting of the Anthropological Institute at 
the Colonial Exhibition, Mr. Swettenham, of the Straits Civil 
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Service, read a paper on the races of the Straits Settlements. 

Of the Malays he said it was unlikely that they could be in- 
digenous to the peninsula, but where they came from, whether 
Java, Sumatra, or elsewhere in the Archipelago, is a question 

which has never yet met with a satisfactory answer. Their own 
tradition is that they had a supernatural origin, and that they 
crossed from Sumatra. Up to about 1250 they were pagans, or 

followed some form of Hindoo worship, but about that time 

their conversion to Mohammedanism began. Up to this time, 

Malay, of all the Sumatran languages, had no written character 

of its own, but then Perso-Arabie characters were introduced, 

and many Arabic words found their way into the Malay lan- 

guage. Relics of Hindoo superstitions are still found amongst 
the Malays and Negritos of the peninsula, and the customs even 
now observed, especially in Perak, on certain occasions savour 

strongly of devil-worship. As to the Negritos, Mr. Swetten- 
ham remarked that the most complete collection of the clothing, 

weapons, and ornaments of these people ever yet brought to- 
gether will be found in the Straits Settlements Court of the 

Exhibition. His own observation led him to divide the Negritos 

into two widely different sections—the Sakai and the Semang— 
the former a people of moderate stature and large bones, rather 

fairer in complexion than Malays, with long unkempt wavy hair 
standing straight out from their heads; the latter small and 

dark, with black frizzy hair close to their heads, like that of the 

Negro races. Some writers have found in the comparison of 
languages a connecting link between the Negritos of various 

tribes and Malays, and believe the former to show traces of 

Melanesian blood. The paper contains many interesting obser- 

vations on the manufactures of the Malays, and on the customs 
of these and the Negritos. 

WE have received two excellent memoirs of American men of 
science, recently read before the National Academy. The first 
is by Mr. J. D. Dana, and deals with the life and work of 
Arnold Guyot ; the second, the life of Jeffries Wyman, by Mr. 
A.S. Packard. In each case the work appears to be done 

admirably, and a list of the writings of the subject of the 

memoir is appended. At the beginning of his account of 

Guyot, Mr. Dana notices as a remarkable fact in the history of 
American science, that, forty years since, the same Republic of 

Switzerland lost, and America gained, three men of science who 

became leading men of the country in their several departments 

—Agassiz in zoology, Guyot in physical geography, and Les- 

quereux in paleontological botany. A fourth—De Pourtalés, 
who accompanied Agassiz—also deserves prominent mention, 

for he was the pioneer of deep-sea dredging in America. The 

Society of Natural Sciences of Neuchatel lost all four to the 
United States between 1846 and 1848. The memoir of Wyman 

(the list of whose papers, &c., reaches the number of 1875) con- 

cludes with a very touching portrait from the pen of Dr. Oliver 
Wendell Homes, and an ode by Mr. Russell Lowell. 

Nos. 25 and 26 of Excursions et Reconnaissances, which have 

just reached this country from Saigon, do not contain so much 

matter of general interest as usual. In both M. Landes con- 
tinues his collection of the folk-lore of Annam, under the title 

“*Contes et Légendes Annamites.”” In No. 26 M. Silvestre, an 

official connected with the administration of native affairs, has a 

short paper on the Chao tribe of the Hung-hoa province of 

Tonquin, which is interesting as showing incidentally the vast 
number of various tribes, or tribes under various names, which 

exist in French Indo-China. How far they are related to each 
other and to some earlier race of which they are the fragments 

is one of the ethnological problems of the future. Lieut. 
Campion describes a voyage made in a despatch-vessel to various 

islands lying off the coast of Cochin-China, which have hitherto 
been unvisited by Europeans ; and the indefatigable M. Aymonier 

continues the publication of an encyclopzedic work on Annam. 

A RECENT number of the American Meteorological ¥ourna! 
contains an article on the notorious dust-storms of Pekin. These 

occur in the dry season, especially in winter and early spring. 
They come on at irregular intervals, perhaps six or eight times 
in the season, and last about three days. The wind is westerly, 

most often north-west, and blows fresh or high. The condition 
of the streets of Pekin, evil as that is, would not account for the 

heavy clouds of dust that come down with the storm. The 
mouth and eyes have to be protected from the fine dust, which 
penetrates the closest room, and makes food to taste gritty. 

This abundant dust is spread over a large area. It extends 
eastward from Pekin to the sea, and south-eastward it regularly 

descends as far south as the Yellow River, and sometimes 

Shanghai, 10° of latitude away. The writer of the paper says 

this vast quantity of dust must come from the great deserts of 

Mongolia. A series of observations during one of these storms 

showed a fall in the thermometer when it came on, and a rapid 

change in the barometer, which rose from 786 mm. to 797 mm. 

making several rises and falls of less magnitude in the meantime. 
The clouds, which the day before had been unbroken, rapidly 
cleared away ; the sun was so obscured that it could be inspected 

by the naked eye; it was also set ina ring. The wind showed 

diurnal variations, the air was dry, and one had a feeling of 
malaise and nervousness. After the wind went down, the baro- 

meter remained high for a day or two, and on its descent there 
was another, but much less marked, dust-storm. The storm thus 

appears to have been a gale accompanying an area of high 
pressure, which came from the Desert of Gobi and travelled east- 

ward. The dryness of the wind and its abundant dust were in 

part due to this desert, which lies west and north-west of Pekin, 

and is not far away. In his great work on China, Richthofen 
discusses the geological effects of these storms, which are observed 

throughout the south and west of the Desert of Gobi, and further 

west are much worse than at Pekin. 

A LATE number of the Journal of the Asiatic Society of 
Bengal contains a short memorandum by Prof. Pedler, of the 
Presidency College, Calcutta, on certain experiments which he 
has made on the corrosion of the lead linings of Indian tea-chests 
—a subject of considerable importance in more senses than one. 

His conclusions are that tea properly manufactured in the 

ordinary way has no power to corrode lead ; but if unseasoned 
and damp wood is used for the boxes, corrosion of the lead is 
almost certain, some varieties of wood acting more violently 
than others. Even with seasoned wood, if it becomes saturated 

with water, and be then placed in favourable circumstances of 
heat and moisture, corrosion takes place. The active agent, he 
thinks, does not exist ready formed in unseasoned wood, but is 
produced by a secondary action from the constituents of the 
wood. The corrosion is not due usually to contact action between 
the lead and the wood, but a volatile substance is gradually pro- 

duced from the unseasoned wood. The corroding agent is 

usually acetic acid in the presence of moist air and carbonic acid, 
but other acids of the same series are sometimes produced and 
also act on the lead, and in the case of butyric and valeric acids 

the incrustation is of a greenish yellow, while that from acetic 
acid is whitish or yellowish. The lead being corroded by these 
acids, which are produced by the decomposition of substances 
known to be present in the woods, the tea takes up the disagree- 

able odour of the latter after they have undergone the change in 

which acetic, butyric, and the other acids are formed, and will 

thus become deteriorated. 

THE additions to the Zoological Society’s Gardens during the 
past week include a Common Fox (Cavis vulpes 6), British, 

presented by Mr. J. W. Morgan ; a Spotted Ichneumon (/er- 
pestes nepalensis) from Nepal, presented by Mr. Herbert W. 
Brown ; a Common Polecat (Mustela putorius), British, pre- 
sented by Mr. William Buckley ; a Red-crested Cardinal (Paro- 
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aria cucullata) from South America, presented by Mr. W. E. 
Ayerst ; four Florida Tortoises (Zestudo polyphemus) from 
Florida, presented by Mr. Hugh Bellas; a Common Viper 
(Vipera berus) from Hampshire, presented by Mr. Gerald Waller, 

_ F.Z.S.; a Brown-throated Conure (Conurus @ruginosus) from 
South America, a Roseate Cockatoo (Cacatwa roseicapilla) from 
Australia, a Macaque Monkey AZacacus cynomolgus) from India, 

deposited ; a Bandicoot Rat (JZus bandicoota), a Bronze-spotted 

Dove (Chalcopelia chalcopilos), bred in the Gardens. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 AUGUST 15-21 

ano the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on August 15 
Sun rises, 4h. 47m. ; souths, 12h. 4m. 16°6s.; sets, 19h. 21m, ; 

decl. on meridian, 14° 1’ N.: Sidereal Time at Sunset, 
16h, 57m. 

Moon (one day after Full) rises, gh. 12m.*; souths, oh. 13m. ; 
sets, 5h. 19m. ; decl. on meridian, 12° 13’ S. 

Planet Rises Souths Sets Decl. on meridian 
h. m h. m. h. m. 5 ; 
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* Indicates that the rising is that of the preceding evening. 

Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 
angles from ver- 

Aug. Star Mag. Disap. Reap.  tex'to eno tor 

inverted image 
h. m. h. m. o © 
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Aug. h, 
TOME oO Mercury in inferior conjunction with the 

Sun. 

Variable Stars 
Star R.A. Decl. 
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M signifies maximum 3; 7 minimum ; 7, secondary minimum, 

TENTH ANNIVERSARY OF THE FOHNS 
HOPKINS UNIVERSITY 

*)-HE tenth anniversary of the Johns Hopkins University at 
Baltimore was celebrated on April 26 last. Of the 

addresses delivered on that occasion we reprint two, the second 
of which reviews the work of this distinguished institution since 
its foundation. The work of the University in every depart- 
ment of human knowledge is well-known and appreciated in 
this country, and it is unnecessary to add a word to the address 
of Dr. Thomas, beyond expressing a cordial hope that the future 
may, in the words of the very appropriate ode read on the 
occasion, be 

“Smooth course and splendour of the sunset-smiles.” 
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The following is the address delivered by Prof. Henry A. 
Rowland, Ph.D., who took for his subject ‘‘The Physical 

Laboratory in Modern Education.” 
‘© From the moment we are born into this world down to the 

day when we leave it, we are called upon every moment to 
exercise our judgment with respect to matters pertaining to our 
welfare. While nature has supplied us with instincts which take 
the place of reason in our infancy, and which form the basis of 
action in very many persons through life, yet, more and more as 
the world progresses and as we depart from the age of child- 
hood we are forced to discriminate between right and wrong, 
between truth and falsehood. No longer can we shelter our- 
selves behind those in authority over us, but we must come to 
the front and each one decide for himself what to believe and 
how to act in the daily routine and the emergencies of life. 
This is not given tous asa duty which we can neglect if we 
please, but it is that which every man or woman, consciously or 
unconsciously, must go through with. 

“Most persons cut this Gordian knot, which they cannot un- 
tangle, by accepting the opinions which have been taught them 
and which appear correct to their particular circle of friends 
and associates : others take the opposite extreme, and, with in- 
tellectual arrogance, seek to build up their opinions and beliefs 
from the very foundation, individually and alone, without help 
from others. Intermediate between these two extremes comes 
the man with full respect for the opinions of those around him, 
and yet with such discrimination that he sees a chance of error in 
all, and most of all in himself. He has a longing for the truth, 
and is willing to test himself, to test others, and to test nature 
until he finds it. He has the courage of his opinions when thus 
carefully formed, and is then, but not till then, willing to stand 
before the world and proclaim what he considers the truth. Like 
Galileo and Copernicus he inaugurates a new era in science, or, 
like Luther, in the religious belief of mankind. He neither 
shrinks within himself at the thought of having an opinion of his 
own, nor yet believes it to be the only one worth considering in 
the world ; he is neither crushed with intellectual humility, nor 

yet exalted with intellectual pride ; he sees that the problems of 
nature and society can be solved, and yet he knows that this can 
only come about by the combined intellect of the world acting 
through ages of time, and that he, though his intellect were that 
of Newton, can, at best, do very little toward it. Knowing this 
he seeks all the aids in his power to ascertain the truth, and if 
he, through either ambition or love of truth, wishes to impress 
his opinions on the world, he first takes care to have them 
correct. Aboveall, he is willing to abstain from having opinions 
on subjects of which he knows nothing. 

‘Tt is the province of modern education to form such a mind, 
while at the same time giving to it enough knowledge to have a 
broad outlook over the world of science, art, and letters. ‘Time 

will not permit me to discuss the subject of education in general, 
and, indeed, I would be transgressing the principles above laid 
down if I should attempt it. I shall only call attention at this 

present time to the place of the laboratory in modern education. 

I have often had a great desire to know the state of mind of the 

more eminent of mankind before modern science changed the 
world to its present condition and exercised its influence on all 
departments of knowledge and speculation, But I have failed 
to picture to myself clearly such a mind, while, at the same time, 
the study of human nature, as it exists at present, shows me 
much that I suppose to be in common with it. As far as I can 
see, the unscientific mind differs from the scientific in this, that 

it is willing to accept and make statements of which it has no 

clear conception to begin with, and of whose truth it is not 

assured. It is an irresponsible state of mind without clearness 
of conception, where the connection between the thought and 

its object is of the vaguest description. It is the state of mind 

where opinions are given and accepted without ever being sub- 

jected to rigid tests, and it may have some connection with that 
state of min where everything has a personal aspect and we are 
guided by feelings rather than reason. 

«When, by education, we attempt to correct these faults, it is 
necessary that we have some standard of absolute truth: that we 
bring the mind in direct contact with it, and let it be convinced 
of its errors again and again. We may state, like the philo- 
sophers who lived before Galileo, that large bodies fall faster 
than small ones, but when we see them strike the ground to 
gether, we know that our previous opinion was false, and 
we learn that even the intellect of an Aristotle may be mis- 
taken. Thus we are taught care in the formation of our 
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opinions, and find that the unguided human mind goes astray 
almost without fail. We must correct it constantly and con- 
vince it of error over and over again until it discovers the proper 
method of reasoning, which will surely accord with the truth in 
whatever conclusions it may reach. ‘There is, however, danger 
in this process that the mind may become over-cautious, and 
thus present a weakness when brought in contact with an un- 
scrupulous person who cares little for truth and a great deal for 
effect. But if we believe in the maxim that truth will prevail, 
and consider it the duty of all educated men to aid its progress, 
the kind of mind which I describe is the proper one to foster by 
education. Let the student be brought face to face with nature : 
let him exercise his reason with respect to the simplest physical 
phen >menon, and then, in the laboratory, put his opinions to the 
test ; the result is invariably humility, for he finds that nature 
has laws which must be discovered by labour and toil, and not 
by wild flights of the imagination and scintillations of so-called 
genius. 

“Those who have studied the presenf state of education in the 
schools and colleges tell us that most subjects, including the 
sciences, are taught as an exercise to the memory. I myself 
have witnessed the melancholy sight in a fashionable school for 
young ladies of those who were born to be intellectual beings 
reciting page after page from memory, without any effort being 
made to discover whether they understood the subject or not. 
There are even many schools, so-called, where the subject of 
physics or natural philosophy itself is taught, without even a 
class experiment to illustrate the subject and connect the words 
with ideas. Words, mere words, are taught, and astate of mind 
far different from that above described is produced. If one were 
required to find a system of education which would the most 
surely and certainly disgust the student with any subject, I can 
conceive of none which would do this more quickly than this 
method, where he is forced to learn what he does not under- 
stand. It is said of the great Faraday that he never could under- 
stand any scientific experiment thoroughly until he had not only 
seen it performed by others, but had performed it himself. 

Shall we then expect children and youth to do what Faraday 
could not do? A thousand times better never teach the subject 
at all. i 

“* Tastes differ, but we may safely say that every subject of 
study which is thoroughly understood is a pleasure to the 
student. The healthy mind as well as the healthy body craves 
exercise, and the school-room or the lecture-room should be a 
source of positive enjoyment to those who enter it. Above all, 
the study of nature, from the magnificent universe, across which 
light itself, at the rate of 186,000 miles per second, cannot go in 
less than hundreds of years, down to the atom of whichmillions are 
required to build up the smallest microscopic object, should be 
the most interesting subject brought to the notice of the 
student. 

“*Some are born blind to the beauties of the world around 
them, some have their tastes better developed in other direc- 
tions, and some have minds incapable of ever understanding the 
simplest natural phenomenon ; but there is also a large class of 
students who have at least ordinary powers and ordinary tastes 
for scientific pursuits: to train the powers of observation and 
classification let them study natural history, not only from 
books, but from prepared specimens, or directly from nature ; 
to give care in experiment and convince them that nature for- 
gives no error, let them enter the chemical laboratory ; to train 
them in exact and logical powers of reasoning, let them study 
mathematics ; but to combine all this training in one and exhibit 
to their minds the most perfect and systematic method of dis- 
covering the exact laws of nature, let them study physics and 
astronomy, where observation, common-sense, and mathematics 
gohandinhand. The object of education is not only to pro- 
duce a man who £zows, but ene who does ; who makes his mark 
in the struggle of life and succeeds well in whatever he under- 
takes ; who can solve the problems of nature and of humanity 
as they arise ; and who, when he knows he is right, can boldly 
convince the world of the fact. Men of action are needed as 
well as men of thought. 

“‘There is no doubt in my mind that this is the point in 
which much of our modern education fails. Why is it? I answer 
that the memory alone is trained, and the reason and judgment 
are used merely to refer matters to some authority who is con- 
sidered final, and worse than all they are not trained to apply 
their knowledge constantly. To produce men of action they 
must be trained in action. If the languages be studied, they 
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must be made to translate from one language to the other until 
they have perfect facility in the process. If mathematics be 
studied, they must work problems, more problems, and 
problems again, until they have the use of what they know. If 
they study the sciences, they must enter the laboratory, and 
stand face to face with nature; they must learn to test their 4 
knowledge constantly, and thus see for themselves the sad results 
of vague speculation; they must learn by direct experiment 
that there is such a thing in the world as truth, and that their 
own mind is most liable to error. They must try experiment 
after experiment and work problem after problem until they 
become men of action, and not of theory. a 

“« This, then, is the use of the laboratory in general education— 
to train the mind in right modes of thought by constantly bring-— 
ing it in contact with absolute truth, and to give it a pleasant and 
profitable method of exercise which will call all its powers o 
reason and imagination into play. Its use in the special train 
ing of scientific men needs no remark, for it is well known that 
it is absolutely essential, The only question is whether the 
education of specialists in science is worth undertaking at all, 
and of these I have only to consider natural philosophers or 
physicists. - I might point to the world around me, to the 
steam-engine, to labour-saving machinery, to the telegraph, to 
all those inventions which make the present age the ‘Age of 
Electricity,’ and let that be my answer. Nobody could gainsay 
that the answer would be complete, forall are benefited by these 
applications of science, and he would be considered absurd who 
did not recognise their value. These follow in the train of — 
physics, but they are not physics; the cultivation of physies 
brings them and always will bring them, for the selfishness of man- 
kind can always be relied upon to turn all things to promt. But 
in the education pertaining to a University we look for other 
results. The special physicist trained there must be taught to 
cultivate his science for its own sake. He must go forth into 
the world with enthusiasm for it, and try to draw others into an - 
appreciation of it, doing his part to convince the world that the 
study of nature is one of the most noble of pursuits, that there 
are other things worthy of the attention of mankind besides the 
pursuit of wealth. He must push forward and do what he can 
according to his ability, to further the progress of his science. 

“Thus does the University, from its physical laboratory, send 
forth into the world the trained physicist to advance his science ~ 
and to carry to other colleges and technical schools bis enthu- — 
siasm and knowledge. Thus the whole country is educated in 
the subject, and others are taught to devote their lives to its 
pur-uit, while some make the applications to the ordinary pur- 
suits of life that are appreciated by all. 

‘* But for myself I value in a scientific mind most of all that 
love of truth, that care in its pursuit, and that humility of mind 
which makes the possibility of error always present more than 
any other quality. This is the mind which has built up modern 
science to its present perfection, which has laid one stone upon 
the other with such care that it to-day offers to the world the 
most complete monument to human reason. This is the mind 
which is destined to govern the world in the future and to solve 
problems pertaining to politics and humanity as well as to 
inanimate nature. 

“Tt is the only mind which appreciates the imperfections of 
the human reason, and is thus careful to guard against them. It 
is the only mind that values the truth as it should be valued, and 
ignores all personal feeling in its pursuit. And this is the mind 
the physical laboratory is built to cultivate.” 

Dr. Thomas's address was as follows :— 

‘*The foundation and growth of a University is an event of 
the greatest interest. 

“‘Tts functions and use have been elaborately discussed by 
many modern thinkers and scholars. I shall call your attention 
to three statements of men of differing schools of thought. 

““Goldwin Smith, discussing Oxford University organisation, 
says :— 
or Experience seems to show that the best way in which the 

University can promote learning and advance science is—_ , 
“<< (1) By allowing its teachers, and especially the holders of 

its great professorial chairs, a liberal margin for private study; 
“© (2) By keeping its libraries and scientific apparatus in full 

efficiency and opening them as liberally as possible ; 
“°¢(3) By assisting, through its press, in the publication of 

learned works which an ordinary publisher would not under- 
take 5 
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***(4) By making the best use of its power of conferring 
_ literary and scientific honours.’ 

“Matthew Arnold says, the University ‘ought to provide 
facilities, after the general education is finished, for the young 
man to go on in the line where his special aptitudes lead him, be 
it that of languages and literature, of mathematics, of the natural 
sciences, of the application of these sciences, or any other line, 
and follow the studies of this line systematically, under first-rate 
teaching.’ 

“© Again, ‘The idea of a University is, as I have already said, 
that of an institution not only offering to young men facilities for 
graduating in that line of study to which their aptitudes direct 
them, but offering to them also facilities for following that line 
of study systematically under first-rate instruction. This second 
function is of incalculable importance, of far greater import- 
ance even than the first. It is impossible to over-value the 
importance to a young man of being brought in contact with a 
first-rate teacher of his matter of study, and of getting from him 
a clear notion of what the systematic study of it means.” 

‘¢John Henry Newman says:—‘It isa great point, then, to 
enlarge the range of studies which a University professes, even 
for the sake of the students; and though they cannot pursue 
every study which is open to them, they will be gainers by 
living among those and under those who represent the whole 
circle. This I conceive to be the advantage of a seat of uni- 
versal learning, considered asa place of education. An assem- 
blage of learned men, zealous for their own sciences and rivals 
of each other, are brought by familiar intercourse and for the 
sake of intellectual peace to adjust together the claims and 
relations of their respective subjects of investigation. They 
learn to respect, to consult, to aid each other. Thus is created 
a pure and clear atmosphere of thought, which the student also 
breathes, though in his own case he only pursues a few sciences 
out of the multitude. He apprehends the great outlines of 
knowledge, the principles on which it rests, the scale of its parts, 
its lights and its shades, its great and its little, as he otherwise 
cannot apprehend them. 

‘© Hence it is that his education is called ‘‘ Liberal.” A 
habit of mind is formed which lasts through life, of which the 
attributes are freedom, equitableness, calmness, moderation, 
and wisdom. This, then, I would assign as the special fruit of 
the education furnished at a University. . . . This is the main 
purpose of a University in the treatment of its students.’ 

‘*And a great thinker of another generation, George Fox, 
advised the setting up of schools for instructing ‘in whatsoever 
things were civil and useful in the creation.’ 

«* We may then conclude that a University, wisely planned and 
_ faithfully administered, should be able to gather together a 
company of teachers, distinguished in character and learning ; 
to present courses of study, important and thorough; and to 
attract scholars mature in age and competent by reason of pre- 
vious training to pursue special lines of study, in order to fit 
themselves in a worthy manner for their chosen vocation. It 
should be wide in its scope and able to supplement the College, 
and aid students to perfect themselves in many departments of 
learning. It should provide liberally all the apparatus for this 
study. It should be rich in laboratories, in books, in instru- 
ments. It should endow research and stimulate investigation 
and discovery. It should be prepared to give results of work 
done within its halls speedy and wide publicity amongst scholars 
engaged in kindred pursuits. It should give its contribution to 
society by training men who are fitted to help in the solution of 
the problems of the age—scientific, social, political, moral, and 
religious, both by stimulating the production of books and by 
contributions to the journals and literature of the day. Itshould 
encourage all noble aspirations, conserve all good inheritances 
of the past, and create an atmosphere of enthusiasm for hard 
work. It should be able to bestow honours worthy of the name 
in reward for faithful devotion and for the succe-sfui fulfilment 
of its courses of study. Its work should be known and recog- 
nised where learning is known and recognised, and its name 
should carry weight in other Universities and centres of research 
in the world of letters. 

«Such thoughts as these, I am sure, Judge Dobbin, were in 
your mind and in the minds of the other trustees to whom was 
intrusted by our late townsman, Johns Hopkins. the foundation 
and guidance of this University which was to bear his name. On 
the completion of the first decade of its existence, in the 
presence of the trustees and the President and Faculty of the 
University, before the graduates, the present Fellows, and 
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students of the University, and in the presence of this company 
of our friends and fellow-citizens, it has seemed fitting to allude 
to these sentiments as we proceed to consider the progress of 
this University. 

‘*T am glad to take this opportunity of replying in public to 
questions such as were asked me by a young Baltimorean, who 
the other day said : ‘ Why do Baltimoreans have to go to New 
Haven or somewhere abroad to learn about the Johns Hopkins? 
Why do you not tell us what is being done?’ In order to do 
this before a Baltimore audience, I have supposed my friend to 
have asked the following questions, to which I shall briefly 
reply :— 

““(1) Have great teachers been attracted to the University ? 
‘¢(2) Have important courses of study been instituted ? 
**(3) Have students come, and from whence ? 
‘*(4) Have patient and successful researches been carried on ? 
**(s) Has the University gathered together suitable apparatus, 

&c., for study ? 
‘©(6) Have the results of these researches been given by the 

University to the world ? 
*¢(7) Has the work done here been recognised elsewhere ? 
**(8) Has the training given proved valuable to those whe 

have received it? 
(9) What has the University done for this community ? 
“«The Board of Trustees was incorporated in August 1869, at 

the instance of Johns Hopkins and during his lifetime. About 
a year after the death of the founder, in December 1873, the 
Board was put in possession of the endowment provided by his. 
beneficence, and organised for work. The President of the 
Board, the late Galloway Cheston, took an active part in the 
enterprise, and by his advice greatly aided in laying the founda- 
tion of the University, and his name will always be honourably 
associated with its history. The other members of the Board, 
all of whom had been named by Johns Hopkins, were Reverdy 
Johnson, Jun., the first Chairman of the Executive Committee, 
Francis T. King, Lewis N. Hopkins, Thomas M. Smith, William 
Hopkins, John W. Garrett, Francis White, Charles J. M. Gwinn, 
George W. Dobbin, George William Brown, and James Carey 
Thomas. 

“ What Great Teachers have been attracted ?—It was soon ap- 
parent that the wise and untrammelled directions of Johns 
Hopkins to his trustees to found a University would attract the 
attention of those interested in the cause of education, especially 
in the United States. 

‘The opportunity of developing an institution suited to the 
needs of the country was sufficient to draw to Baltimore from 
across the Continent the then President of the University of 
California, Daniel C. Gilman, who was named to the trustees 

as the man best fitted by previous training and devotion to the 
study of educational methods, to advise and direct the establish- 
ment of the new foundation, by his former colleagues of Yale 
College—by President Eliot, of Harvard University, at once 
the most renowned and the most venerable institution of 
learning in the country—by President White, of Cornell Uni- 
versity, then in the early days of its growing importance and 
usefulness—by President Angell, of the University of Michigan, 
the crowning institution of learning of the well-organised system 
of public instruction in that great and strong Western State—and 
by numerous other leading educators. At the request of the 
trustees Mr. Gilmun came to Baltimore, and after consultation 
with them accepted the Presidency of the Johns Hopkins Uni- 
versity. Under his thoughtful care and constant and laborious 
effort the plan originally conte aplated has been gradually and 
harmoniously developed. 

‘* Besides President Gilman, the University also drew from 
across the ocean, from Woolwich, England, Prof. Sylvester, one 
of the two greatest English mathematicians, and indeed one of 
the greatest of the world ; and from Virginia, in our own land, 
Prof. Gildersleeve, second to none in his attainments in and 
devotion to Greek and other classical study—tesides younger 
men whose subsequent career has justified the bright promise of 
their early years. I shall not mention further by name the 
present distinguished staff of Professors and teachers, whose work 
Thave alluded to, and who form the permanent renown and 
attraction of the University. 

‘¢T will give a list in chronological order of those gentlemen, 
not now connected with the University, who, for a longer or 
shorter period, have lectured here during the past ten years :— 

‘‘In Language and Literature, Profs. F. J. Child, James 
Russell Lowell, W. D. Whitney, C. R. Lanman, Thomas C. 
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Murray, H. C. G. Brandt, Sidney Lanier (too early lost), Profs. 
W. W. Goodwin, J. A. Harrison, J. Rendel Harris, Hiram 
Corson, A. S. Cook, Messrs. George W. Cable, Edmund 
Gosse, Justin Winsor, A. Melville Bell, Drs. Isaac H. Hall, 
and W. Hayes Ward; in [listory and Political Science, Profs. 
T. M. Cooley, F. A. Walker, W. F. Allen, the lamented J. L. 
Diman, H. von Holst, Austin Scott, James Bryce, E. A. Free- 
man (who gave six lectures and imparted a decided impulse to 
historical study here), R. M. Venable, Messrs. J. J. Knox and 
Eugene Schuyler; in Archeology and Art, Messrs. W. W. 
Story, F. Seymour Haden, J. Thacher Clarke, W. J. Stillman, 
Dr. Charles Waldstein, and Mr. Frederick Wedmore ; in 
Philosophy and Logic, Profs. William James, G. S. Morris, 
Mr. C. 5S. Pierce, and Dr. Josiah Royce; in Physical and 
Mathematical Science, Profs. J. E. Hilgard, J. Willard Gibbs, 
John Trowbridge, A. Graham Bell, S. P. Langley, Arthur 
Cayley, C. S. Hastings, and Sir William Thomson; in 
Chemistry and Biology, Profs. J. W. Mallet, W. G. Farlow, 
J. McCrady, W. T. Sedgwick, H. Sewall, and W. Trelease. 

“At our commencements, anniversaries, and other gatherings, 
we have heard from Presidents Eliot and White, from Dean 

Stanley, Dean Howson, Prof. Huxley, Archdeacon Farrar, 
Chief Justice Waite, Hon. W. M. Evarts, Dr. W. A. P. Martin, 
Dr. W. B. Carpenter, Hon. S. T. Wallis, J. B. Braithwaite, 
and others. 

‘* Many of these have been listened to by thos: not members 
of the University who were specially interested in their subjects, 
and it may be fairly said that many eminent and great teachers 
have bzen both for long and short periods attracted to the 
University. 

“* What University Courses are here offered, and what Graduate 
Students have been attracted ?—The courses of University studies 
that have been pursued have been so often and so fully referred 
to in the reports and circulars of the University, that I can only 
enumerate those in higher mathematics, in physics, in che- 
mistry, in mineralogy and petrography, in biology ; in Greek, in 
Latin, in Sanskrit, in Hebrew, in Aramean, in Arabic, in 
Assyrian, and in Sumero-Akkadian; in English, in German, 
in the Romance group of languages, including French, old and 
modern, Wallachian, Italian, Spanish, Catalan, old Provencal, 
modern Provengal, and Portuguese ; in history, ancient and 
modern, in political economy, physical and historical geography ; 
in psychology, pedagogics and philosophy, in mental hygiene 
and ethics. In these studies advanced instruction has been given 
by all available means, such as lecture , laboratory practice, 
seminary work, books, models, and plates, in order to fit those 
who are preparing for teaching or special research. 

“That these courses have succeeded in attracting students of 
mature age is evident fron the fact that out of the total number 
of students (923) enrolled during the decade, 590 have pursued 
graduate courses, and these 590 came from more than 100 differ- 
on Univer-ities and Colleges as widely separated as Russia and 
apan. 
“What Apparatus and Appliances have been gathered together ? 

—To aid in the instruction given, the trustees have from the 
first had in view securing the most convenient and free access to 
the most modern means of promoting research. They were 
greatly aided by the existence in Baltimore of a library of un- 
usual value to students—the gift of the late George Peabody, 
and brought together with much care and diligence by the trus- 
tees, the provost, and the librarian of the Peabody Institute— 
and which has been liberally opened to members of the Uni- 
versity. As a supplement to the Peabody collections the 
University has placed within its own walls 29,000 volumes—a 
portion of which are standard reference-books needed by all the 
teachers and students ; the remainder are special and often costly 
books which have been called for by the specialists here engaged 
in work. 

“ The plans of the University being at first, from the nature of 
the case, tentative, the work was begun in two dwellinz-houses 
purchased in 1875, on Howard Street, near Monument Street, 
and in a hall erected at the time, and named after the founder, 
which contained an assembly-room and accommodations for the 
library and for the biological laboratory, and in a chemical 
laboratory built at the same time, and this was for some time 
the modest seat of the University. The location was found 
more convenient than had been foreseen, both for students who 
lived in the city and for those that came from elsewhere, who 
readily found accommodation in lodgings suited to their taste and 
means. Easy access was had to the Peabody and other collec- 
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tions of books, as those of the Historical Society, and later of 
the Pratt Library, and there have gradually grown around the 
present site complete and well-equipped laboratories. The 
chemical laboratory has been greatly enlarged and perfected. 
The biological laboratory adjoining has been erected after plans 
suggested by years of work and by comparison with foreign insti- 
tutions of a similar kind, and there is now building near by the 
physical laboratory, of which Prof. Rowland has been speaking 
to you to-day. Laboratory work in pathology has been begun 
in one of the buildings of the Johns Hopkins Hospital, and it is 
intended to erect the Medical School on a lot now owned by the 
University, adjacent to the hospital. 

“Into these various buildings have been gathered, at the 
suggestion and under the careful personal supervision of various 
experts, about 70,000 dols. worth of apparatus of the most ap- 
proved modern make, thus placing within the reach of inyesti- 
gators the means of pursuing advanced research, as well as 
enabling students to become familiar by personal use with the 
newest methods of study and experiment. 
“What Research ts carried on, and what has been published ? 

—The researches which have been made have been many and 
varied. I cannot refer to the more technical, such as those in 
mathematics and inorganic chemistry, &c., but briefly to the 
more easily stated. 

“Our knowledge of the nature of the sun, as perceived 
through the solar spectrum, has received accessions from the 
beautiful image thrown from the gratings first made here by the 
agency of a wonderful dividing-engine, the invention of the 
Professor of Physics. From this image a map of the spectrum 
has been published, very much more minute than any before 
made. 

“Researches in electricity and magnetism have been made 
under the auspices of the United States Government, with the 
co-operation of other nations ; the mechanical equivalent of heat 
has been redetermined ; investigations have been conducted in - 
physiology, especially of the heart’s action ; lower animal life 
has been studied, especially that of the oyster in connection with 
the State of Maryland; both here and in Boston the cause of 
water pollution in great reservoirs has been discovered; the 
curious geological formation of our own neighbourhood has been 
brought to notice and has attracted wide attention. The philo- 
logians and grammarians have been engaged in the investigation 
of Greek and Latin syntax ; in editing ancient writings, such as 
Pindar, the newly discovered Greek MSS. of the Teaching of 

| the Twelve Apostles, and part of an old Syriac MS. of the New 
Testament. Baltimore is now one of the centres for the inter- 
pretation of Sanskrit texts and of Assyrian inscriptions. A great 
contribution has been made to the study of American Institu- | 
tions, and new methods of historical research and of publication 
have been initiated. 

“«Tt is with satisfaction that I state that these researches have 
been widely recognised at home and abroad, not as promises for 
the future, but as successful experiments recorded, and con- 
clusions reached which have passed into the history of science. 
By means of them the fame of the University has been carried 
into every seat of learning in the world, from Oxford and Cam- 
bridge in England, to Tokio, Japan; from the northern and 
more modern Universities of Sweden and Russia to the ancient 
seats of learning in Italy and Southern Europe. The exchanges 
on the shelves of our library, received with almost every foreign 
mail in return for the six scientific journals published by the 
University,! attest both its importance and its estimation outside 
its own walls. Besides this, personal and unsolicited testimonials 
from eminent men are on file in the office which have been 
received from many quarters. 

““ These researches, delicate, prolonged, and important, and 
others not now mentioned, have been made by Professors, 
Fellows, and advanced students. Indeed the whole plan of 
Fellowships has in reality been a most practical and efficient 
endowment of research, and has richly repaid the University 
and the community in the importance and value of the results 
obtained. 

““Twenty young men who have not quite completed their 

* (1) The ‘* American Journal of Mathematics,’” commenced in 1878, now 
in its eighth volume ; (2) the ‘‘ American Chemical Journal,’? commenced in 
1879, now in its eighth volume ; (3) the ‘‘American Journal of Philology,” 
commenced in 1880, now in its seventh volume ; (4) ‘Studies from the Bio- 
logical Laboratory.”” commenced in 1879, now in its third volume; (5) 
“ Studies in Historical and Political Science,’’ begun in 1882, of which 
the fourth series is in progress; (6) the ‘‘ Johns Hopkins University Cir- 
culars,’’ begun in 1879, of which forty-nine numbers have been issued. 

usa 
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work as students following masters, but who have gone far 
enough to indicate that they are possessed of unusual ability, are 
annually chosen by the Academic Council, and are encouraged by 
agenerous stipend to devote all their time to study which is not of 
a distinctively professional character. They are chosen because 
of the hope they give of future achievements, or are selected on 
the evidence they submit of their previous intellectual attain- 
ments. The system here adopted has elsewhere been followed. 

“ What has been the Value of this Training ?—Has the train- 
ing here been of value to the men that have submitted to the 
severe ordeal of discipline and who have often surrendered 
honourable and lucrative positions to avail themselves of the 
advantages offered for research and study? Or, in other words, 
are the diplomas to be given to-day as testimonials of the Uni- 
versity to the attainments of those to whom they are so worthily 
awarded, of real value to their possessors ? 

‘* Of the 69 persons who in these ten years have been admitted 
to the degree of Doctor of Philosophy, denoting proficiency in 
various lines of special graduate study, either in letters or in 
science, 56 have obtained honourable positions as professors and 
teachers in 32 Universities and Colleges ; and of the 90 to whom 
the degree of Bachelor of Arts has been given, 20 have engaged 
in teaching in 16 Colleges and high schools, 

‘©T will conclude this part of my subject by quoting the reply 
made by a graduate student from North Carolina, when asked 
what he had found here of most use, he replied: ‘ The freedom 
of access to able teachers and the stimulant of studying in 
company with men of maturer minds than one meets else- 
where.” 

* But what has the University done for this community ? 
—Besides the incidental advantages which must accrue to any 
community from the presence of a great seat of learning, the 
trustees have had in mind from the first the special needs of this 
city and state. At the conclusion of the late war fewer boys 
were at college than at former periods. Many young men here 
and further south had foregone college training, and circum- 
stances forbade the sending of others who were growing up. It 
was manifest that the need of our own people was first a college 
in order to train for life, or for further university instruction. 
So side by side with the University has developed the college 
department of the Johns Hopkins University. This was begun 
when the discussion of a fixed, a free, or wholly or partly elective 
college course had not been so warmly debated as at the present 
time, but it was evident that the wide range which the develop- 
ment of various branches of knowledge has taken since the old 
arrangement of college studies was effected, and the limited time 
which can ordinarily be devoted by students to preparation for 
their life-work, made a readjustment of the college course 
desirable. This was accomplished here by arranging, after a 
fixed matriculation, the studies in groups rather than years, and 
demanding in each group a certain required amount of training 
in other than the main study of the course. Thus classical 
students are required to study some science, scientific students 
some classics, and all to receive a fixed amount of general 
English training in literature, ethics, philosophy, and modern j 
languages. 

“The seven groups for which, in accordance with these 
principles, arrangements are now made, are these :— 

**(1) Classical—corresponding closely with what has been 
hitherto known in this country as the usual college course. 

““(2) Mathematical-Physical—which meets the wants of those 
who are expecting to enter upon the modern vocations in which 
rigid mathematical discipline is indispensable. 

**(3) Chemical—Biological—which is adapted to those, among 
others, who expect to enter upon the subsequent study of 
medicine. 

**(4) Physical-Chemical—which is most likely to be followed 
by students preparing for those scientific pursuits which are 
neither chiefly mathematical nor chiefly biological. 

**(5) Latin-Mathematical—which affords a good fundamental 
training, without prolonged attention to the study of Greek. 

**(6) Historical—Political—which furnishes a basis for the 
subsequent study of law. 

(7) Modern Language—where French, German, English, 
and in exceptional cases, other modern languages, take the place 
of Latin and Greek in the traditional classical course. 

**Tt cannot be said that this arrangement is perfect, but it has 
worked well, and great effort is made to have it at once liberal 
and adapted to the exigencies of active life. I should like all 
the time at my disposal to expand more fully this slight sketch 
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of the college course which lies near my own heart, but must 
content myself with stating that it has from the first attracted our 
own boys, to whom great inducement has been held out, and 
who have proved some of our most enthusiastic and successful 
students, have won for themselves many of our own Fellowships, 
and have gone out to positions of importance and emolument. 
Their number is rapidly increasing, and the University is con- 
stantly endeavouring to make closer the connection between the 
high schools, whether private or public, and the collegiate 
department of the Johns Hopkins University. 

““ Various free scholarships are annually offered to students 
coming from Maryland, Virginia, and North Carolina, and have 
been held by 150 students from these States. The existence in 
our midst of such advantages is stimulating our young men to 
avail themselve of them, and is increasing the number and 
efficiency of preliminary schools. We have now in the collegiate 
department 130 students. 

**T have thus, in the briefest and most prosaic manner, endea- 
voured to summarise the work of ten years into the space of 
twice as many minutes. It has been impossible, although I 
have not even glanced at the various literary and scientific 
Societies formed for themselves by the members of the Uni- 
versity, nor alluded to the common college life, nor spoken of 
the work of the Christian Association of the University, which 
has served an excellent purpose ; but yet I think that I have 
shown that something has been done to bring together great 
teachers, to start liberal courses of study, to attract students, 
to collect libraries and apparatus, to stimulate research, to 
publish results, and have stated in what manner this work has 
been recognised, and how the needs of this community have been 
considered. 

“But I am sure that in reaching these conclusions you must 
feel how little has been done in comparison with what is 
practicable with longer time and greater resources. The per- 
petuation and enlargement of the University on a broad and 
liberal foundation should be the pride of every citizen. Itisa 
great trust to be handed down to those who shall succeed us. 
Let us be careful to see that no detriment happen to it. 

“* Amidst the jarring of contending factions and classes there 
needs must be thoughtful men trained to habits of patient inves- 
tigation and quiet study—amidst the rush of business and com- 
petition, men who in secluded laboratories pass hours and days 
in subtile experiments—amidst the selfishness of politicians and 
placemen, historians and philosophers and teachers who can 
recall the lessons of past ages and vindicate the great moral 
principles which underlie all true progress. 

“*For these and other great purposes Universities should exist 
and be richly endowed. They should be few, but strong. 

“ A president of a growing Western College, last week in Balti- 
more, emphasised most strongly the importance of adding 
efficiency to existing Universities in order to make them great 
centres for training and research. The possessors of great 
wealth, most frequently in this country accumulated in the course 
of a single life, have often felt their responsibility in its ultimate 
destination. They have in many instances, amongst which the 
course of Johns Hopkins is conspicuous, returned their accumu- 
lated gains to the community in noble gifts, founding great insti- 
tutions of learning and great charities for the training of the 
future citizen and for the alleviation of human suffering. These 
should be fostered and enlarged, as has been done at Harvard 
and at Cornell, in order that the greatest good may be accom- 
plished. 

**The training of mez is after all the most important end of 
all educational effort. It is to you, young men, the sons of this 
new foundation, that your teachers and friends look as the best 
evidence of the success of their endeavour. Your learning, your 
usefulness, your accomplishments, your high aims and noble 
character, your achievements, whether in the pulpit or the forum, 
the college or the laboratory, at home and abroad will afford a 
continual and living reminder of this, the place of your 
training. 

*°To a State founded on the beneficent precepts of Christianity, 
the walls of its defence must be not the physical strength of its 
citizens but their mural character. In vain will science harness 
the powers of the universe unless they are yoked to the chariot 
of peace and goodwill. In vain will learning and training give 
efficiency to individual influence and native genius, unless the 
purposes of the man are noble and far-reaching. The truth 
which sets free is the truth which warms the heart and expands 
the sympathies, as well as enlightens the intellect. which is of 
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Him who is the truth Himself. Let us have confidence in the 
supremacy of truth. Such has hitherto been the guiding lamp 
of the Johns Hopkins University. May it ever be the beacon of 
the future.” 

SCIENTIFIC SERIALS 

A LARGE space in the June number of the Yournal of Botany 
is occupied by a long biographical notice, by the editor, of the 
late Rev. W. W. Newbould, of whom an excellent portrait is 
also provided. The other articles are almost entirely of local 
interest. 

THE Fournal of the Franklin Institute, vol. cxxi. No. 724, 
April 1886.—Lieut. J. P. Finley, tornado study: a useful 
summary of the principal facts scientifically known respecting 
tornadoes.—F. KE. Galloupe, rapid transit and elevated rail- 
roads. This concludes the discussion on this topic.—G. E. 
Waring, Jun., mechanical appliances in town sewerage ; dis- 
cusses the systems employed in several American cities.—Prof. 
Kk. H. Thurston, construction of a large Prony brake. Gives an 
account of a brake capable of absorbing 540 horse-power.— 
Dr. W. H. Wahl, summary of engineering and industrial pro- 
gress for 1885.—Report of Committee on Delany system of 
multiplex telegraphy. 

No. 725, May.—J. M. Hartman, the blast-furnace: a very 
concise summary of present methods of construction and theories. 
—Lieut. A. B. Wyckoff, hydrographic work of the U.S. Navy. 
J. Shinn, the cultivation of flax in the United States,—L. 
D’Auria, the law of cylinder condensation of steam-engines. 
The new formulze indicate that the proper way to decrease 
cylinder condensation is to increase piston speed.—C. J. 
Kintner, history of the electrical art in the U.S. Patent Office. 
An interesting account, in which two early forms of storage 
battery are described. The author, however, appears to think 
that nothing can be called an invention unless it has been 
patented in the United States. There were secondary batteries 
prior to Kintner’s, electric motors prior to Davenport’s, and 
telephones prior to Graham Bell’s.—Report of examiners of 
electrical exhibition on applications of electricity to art pro- 
-ductions. 

No. 726, June.—Chief Engineer Isherwood, an account of 
experiments made by Chief Engineers Zeller and Hunt to 
ascertain the economic effect of using in a non-condensing engine 
saturated steam alone, and of using it mixed with compressed 
hot air. No economic saving was effected by this process, as 
there was not sufficient time for the steam and hot air, which 
were delivered into the cylinder in separate masses, to become 
mixed, and the air failed to prevent condensation.—S, L. W., 
on the Oram system of marine propulsion. This system has 
iwin screws placed forward at about 1/5 of the vessel’s length 
from the bow, in recesses in the sides.—G. W. Chance, the 
South Street Bridge. —W. Lewis, experiments on the transmis- 
sion of power by gearing. Valuable researches on the causes of 
loss of power in worm-gearing and spur-gearing. 

No. 727, July.—C. Sellers, Jun., Oliver Evans and his inven- 
tions. A biographical notice of this remarkable man, whose pre- 
diction of the future of the steam-engine is well known.—O. E. 
Michaelis, the applications of electricity to marksmanship. This 
is the first part of the paper, and treats rather of mechanical 
methods of measuring speed of projectiles, such as Robins’s 
ballistic method. —H. M. Dubois, tests of vehicle wheels. — 
F. E. Ives, colour-sensitive photographic plates. A compound 
sensibilisator of fresh blue myrtle chlorophyll with a little eosin 
is found to be the most sensitive to yellow and green.—Report 
of Committee on the Phelps induction telegraph. The Com- 
mittee praise highly this invention for telegraphing to and from 
a moving train.—Report of Committee on the process and 
furnace for the reduction of refractory ores and the production 
of metals, alloys, and compounds, invented by E, H. and A. H. 
Cowles. Cowles’s electric furnace, for reducing ore by means of 
the voltaic arc between carbon poles, is merely a development of 
the electric furnace devised by the late Sir W. Siemens. It 
appears to be eminently suitable for the production of aluminium 
compounds.—Prof. E. J. Houston, some additional facts con- 
cerning the Reis articulating telephone. Gives an account of 
some recent experiments transmitting speech with the identical 
apparatus manufactured by Reis and used by him in his lecture 
before the Physical Society at Frankfort in 1861. 
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Annalen der Physik und Chemie, vol. xxviii. No. 5, May.— 
R. Colley, on some new methods for observing electric oscil- 
lations, and some applications of them. ‘This paper gives 
certain relations between the time of oscillation of discharges 
through a shunt having a great coefficient of self-induction and 
the capacity of the conden er. Using a standard coil the co- 
efficient of self-induction of which could be determined by its 
geometrical form, and a normal guard-ring condenser made of 
three sheets of silvered glass, the capacity of which could equally _ 
be determined, the author made experiments from which he de- _ 
duces a new value of the ratio v, which he gives as 3015 x rol0 
centims. per second.—Hans Jahn, on the relation of the chemical 
energy and the current energy of galvanic elements. A dis- — 
cussion of Helmholtz’s expression for the secondary heat, 
together with some determinations made on Daniell’s and | 
De La Rue’s cells.—E. Riecke, on the pyro-electricity of tourma- _ 
line. The first part of this paper summarises the previous re- 
searches of Gaugain and others upon the electricity of the 
tourmaline in relation to its section, length, rate of cooling, &c., 
and gives an account of some new and careful observations made _ 
upon three tourmalines. The second part of the paperis devoted 
to the development of a mathematical theory of the electricity 
of the tourmaline, based on the physical hypotheses that the 
molecules possess an initial electric polarisation, measurable in 
terms of the electric moment per unit of volume, and dependent __ 
upon the temperature, and that there is a surface-conductivity of 
a certain value. The formule appear to agree very well with 
the observed facts.—T. Ihmori, on the absorption of mercury 
vapour by spongy platinum, A quantity of platinum, deposited 
from chloride by formic acid, was found to increase in weight in 
presence of mercury. The author uses this increase of weight 
to inve tigate the figures given by Hertz and by Hagen, for the 
pressure of mercury vapour at different temperatures. His — 
results are considerably lower than those of Hagen, and a little 
higher than those of Hertz.-——C. Pulfrich, on the elastic reaction 
of a caoutchouc tube.—A. Konig, on a new method of determin- 
ing the modulus of elasticity. Errors of observation are avoided _ 
by using two mirrors, the inclination of which altered by the 
loading of the bar under examination.—Karl Exner, on sense-— 
formule : lenticular action of non-homogeneous bodies. Dis- 
cussion of lenticular action of cylindriform disks with parallel 
plane faces made of materials which, on being cast in moulds, 
cool non-homogeneously with refractive indices that increase 
or diminish from point to point below the surface. The formule 
deduced coincide with ordinary lens formule when the variation 
of refractive index is proportional to the square of the depth 
from the surface. This appears to be nearly the case in disks of — 
cast glue.—W. Wien, researches on the absorption-phenomena 
occurring in the diffraction of light. This paper discusses — 
diffraction in relation to the colours of metallic reflection. 
Incidentally it brings out an additional proof that the vibrations 
are perpendicular to the so-called plane of polarisation.—H. W. 
Vogel, on some colour-experiments, and on photography in 
natural colours. Two solutions, one of chrysanilin, the other of — 
anilin blue, in alcohol, are respectively yellow and blue ;- but 
when superposed give red, not green. The violet of the spec- — 
trum appears to play a very unimportant partin colour-sensa- 
tions ; methyl-violet, and nearly all the so-called violet pigments 
and dyes owe their tint to mixtures of red and blue rays, not to 
rays of spectrum violet. For colour-printing at least six tints 
are found requisite, and in general sufficient. Hence the author 
thinks that all requirements of colour-photography would be met 
by six printings from six blocks produced by photography from 
plates of bromide emulsion, to which the following six sub- 
stances have been used as ‘‘sensibilisators”: ve¢, naphthol 
blue; orange, cyanin; yellow, eosin; green, saffranin; green- 
biue, fluorescein; é/ue, chrysanilin or aurantin. The author 
further points out that as the actual tint of any colouring-matter 
is the complementary colour to that absorbed by the colouring- 
matter ifself, it follows that each of the six plates ought to be 
printed off in the same dye-stuff that has served as photographic 
“sensibilisator.”— P. Volkmann, note on Prof. Quincke’s 
remarks on the determination of capillary constants of liquids.— 
R. Schultze, on a small improvement in Wiedemann’s pykno- 
meter. 

No. 6, June.—A. Kundt and E. Blasius, remarks on some 
researches on the pyro-electricity of crystals. A convenient 
apparatus for heating crystals is described; also some observa- 
tions on the amethyst. The effects of cracks in the crystals are — 
also studied.—K. Mack, pyro-electric and optical observations 
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on Brazilian topaz. The author refers the phenomena to the 
presence of a single electric axis, inclined to each of the three 
principal axes of the crystal. He also points out that the two 
optic axes do not make equal angles with the greatest of the 
three principal axes. —W. Stscheglajeff, on the electro-magnetic 
rotation of the plane of polarisation in chloride of iron. Curves 
given show that in this substance Verdet’s rule that the rotation 
is proportional to the intensity of the field is not observed. H. 
Haga, experimental researches on the convection of heat by the 
electric current. Careful experiments described in this paper 
show that the Thomson effect in mercury is negative.—Fr. 
Stenger, on phenomena of fluorescence. Some doubt having 
been thrown upon the transmutation, by Magdala red and other 
bodies, of red rays into orange or yellow rays, the appearance 
of these higher rays being attributed to stray light, the whole 
matter has been repeated with the utmost precautions. It 
appears to be now established that eosin and fluorescein also 

have this property. All three bodies are exceptions to Stukes’s 
rule that the transmutation in fluorescence is always a degrada- 
tion in the spectrum scale. The author also discusses the matter 
in relation to Lommel’s theory and to the influence of solvents. 
—E. Ketteler, a remarkable limiting case of crystalline re- 
flection, and its investigation by the aid of the perfected total- 
reflectomer of Kohlrausch.—G. Hansemann, on a new method 
of determination of periods of oscillation of bar-magnets. A 
photographic camera and a mirror oscillating in conjunction with 
a seconds pendulum are applied to the ordinary apparatus for 
observing oscillations by reflection.—Werner Siemens, on the 
conservation of energy in the atmosphere of the earth. A dis 
cussion of atmospheric laws and of ws v.va_of the atmospheric 
masses, too involved fora brief abstract.—R. Gerhardt, on the 
tube-flute stop of the organ. An experimental and mathemati- 
cal discussion of the effect of putting a small open tube into the 
closed top of the flute pipe. —W. Alexejew, on solutions. The 
author arrives at the following conclusions: solids dissolve 
better than liquids ; at one given temperature a solid can give 
only one saturated solution, a liquid two; supersaturated solu- 
tions have two temperatures of decomposition, one at which 
decomposition may occur, another at which decomposition must 
occur. A large number of data of observation are plotted in 
curves.—E. Himstedt, reply to the observations of Lord Ray- 
leigh upon my determination of the ohm.—L. Graetz, on the 
dependence of the elasticity of caoutchouc upon temperature, 
and its relation to coefficients of thermal expansion, From his 
observations the author predicts that a twisted rod of caoutchouc, 
when suddenly further twisted, will warm itself.—Fr. Stenger, 
simple demonstration of residual electric charges, by means of 
an exhausted tube used as a Leyden jar.—A. Oberbeck, remarks 
on my work on the resonance of electric oscillations. An ac- 
knowledgment of the priority of Dr. J. Hopkinson. —A. 
Konig, on an observation respecting the empirical basis of our 
perception of space. This basis is the apparent extent of the 
objects in the field of vision as distributed over the retina, and 
their relative apparent displacement when the eye is turned 
about.—Fr. Stenger, correction to the memoir on the properties 
of calc-spar in a homogeneous magnetic field. 

Rivista Scientifico-(ndustriale, June 30.—On some new regis- 
tering thermic instruments, by Prof. Filippo Artimini. A full 
description, with illustrations, is given of the author’s register- 
ing thermo-pyrometer, in which the degrees of temperature are 
accurately recorded by an ingenious application of electricity.— 
Telephoning at great distances, by F. van Rysselberghe. The 
author gives a summary of his recent experiments in the United 
States, showing the possibility of telephoning at any distance 
and establishing a regular international telephonic service be- 
tween all the great cities of the world. The telegraphic wires 
now in use may be utilised for the simultaneous transmission of 
telegraphic and telephonic messages. 

SOCIETIES AND ACADEMIES 

SYDNEY 
Royal Society of New South Wales, June 2.—Chr. 

Rolleston, C.M.G., President, in the chair.—Papers read :—A 
new species of Ardisia from New Guinea, by Baron Ferd. von 
Mueller, K.C.M.G., F.R.S., descriptive of the only specimen 

_as yet found so far north.—A comparison of the dialects of East 
| and West Polynesia, Malay, Malagasy, and Australian, by the 

_ Rey. George Pratt, author of a dictionary of the Samoan lan- 

guage. ‘his was a valuable contribution towards a polyglot of 
the languages of Polynesia, seme of which have already passed 
away, and most of which are changing through the introduction 
of new words and the rapid intermingling of various races. The 
Royal Society of New South Wales was urged to take steps to 
preserve these records and customs not only of Polynesia, but of 
the fast-diminishing tribes of Australia.—The discovery of a 
poison in three species of Daphnandra, a genus of plants of the 
order Monimiacez, by T. L. Bancroft, M.B. (Edin.), F.L.S. 
(Brisbane).—On some new poisonous substances discovered on 
the Johnstone River, North Queensland, also by Dr. Bancroft. 
These papers were descriptive of experiments of the therapeutic 
action on the guinea-pig.—Prof. Liversidge, F.R.S., exhibited 
and described: (1) a meteorite, the third one known to be 
found in New South Wales, composed of iron principally, 
nickel, cobalt, :ulphur, phosphorus, and carbon ; (2) the matrix 
of the rock of the tin deposits of Tasmania, in which the cement- 
ing material is topaz; (3) a collection of New South Wales 
silver ores (38 specimens), collected by Mr. McGarvie Smith ; 
(4) shale from the Hawkesbury sandstone showing worm tracks 
and perforations, the first time noticed in these rocks.—Mr. 
Lawrence Hargrave exhibited a model illustrating the undu- 
latory motion of serpents, based upon the trichoidal plane, a 
continuation of similar studies by him on the motion of fishes 
and the flight of birds. 

Microscopical Section.—The following papers were read 
during the year 1885 :—The Phylloxera vastalrix, by Dr. Morris, 
illustrated with specimens of the diseased vine from the neigh- 
bourhood of Sydney ; and by the same author, Notes on mount- 
ing diatoms in highly refractive media.—Specimens of A. pellucida 
were exhibited mounted in piperine, picric acid, chlorides of tin, 
and thallium, and sulphur in combination with disulphide of 
arsenic. These slides were exhaustively tested against the 
American methods, viz. Dr. Chase’s metallic silver and realgar, 
also Prof. Smith’s (Geneva, N.Y.) specimen slide. - The micro- 
scopes and accessories were of the latest make, and the objectives 
used were homogeneous immersions by Tolles, 1/10, 1/25 ; 
Spencer, 1/12; Powell, 1/12, 1/20. The slides of Dr. Morris’s 
sulphur and arsenic combination gave the best results. In addi- 
tion to the above-mentioned objectives the following choice 
glasses were acquired by members of the section during the 
year :—Powell’s, 1/6; Hom N.A., 175; Green (late Tolles), 
1/2” 30°; Bausch and Lomb’s, 1/16 immersion ; Wales, 1/12 
immersion, 170°. A valuable Ross Zentmeyer binocular stand 
with apparatus was presented by H. G. Wright, M.R.C.S.E., 
whilst immersion and high-angled condensers were purchased. 
Amongst the numerous slides exhibited were some of new mosses 
found in the neighbourhood of Sydney by Mr. Whitelegge, and 
a bacillus found by Dr. Morris in the ulcerated intestine of a 
foal, the cause evidently of a widely spread epidemic prevalent 
throughout the colony amongst young foals only. 

Paris 

Academy of Sciences, August 2.—M. Jurien de la 
Graviere, President, in the chair.—On the relations of geodesy 
to geology, by M. H. Faye. In this second communication it 
is shown that the harmony of the two sciences results in the 
remarkable law determining the constancy of the mathematical 
figure of the globe throughout the whole series of geological 
evolutions, a law which sooner or later will enable us to form a 
clear idea regarding the thickness of the present crust of the 
earth. At the same time the problem cannot be completely 
solved by the resources of geometry alone, and recourse must 
be had to the other sciences bearing on the subject.—On the 
displacement of ammonia by other bases, and on its quantitative 
analysis in the soil, by MM. Berthelot and André. From their 
further researches the authors conclude that magnesia cannot be 
safely employed for the quantitative analysis of ammonia in the 
analysis of the earths and other organic products containing in- 
soluble double ammoniacal salts. Certain derivatives from the 
aldehydes are in the same position, as are also probably the 
ammoniacal salts formed by the humic and allied acids. —On the 
quantitative analysis ofammonia (continued), by M. Th. Schlcesing. 
Having previously shown (July 26) that by distillation on magnesia 
all the ammonia may be extracted from the solution of its hydro- 
chlorate, or from that of the ammoniaco-magnesian phosphate, 
the author completes his demonstration by causing the magnesia 
to act on the double ammoniacal salts, and especially on the 
chlorides containing magnesium and zinc.—Observations on the 
oldest sedimentary groups in the north-west of France (con- 
tinued), by M. Hebert. A careful study of the whole regior. 
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leads to the conclusion that North Brittany, north of a line 
drawn from Quimper to Rennes, and West Normandy, north of 
a line drawn from Pontorson to Domfront and Falaise, are 
mainly constituted by the vertical clay-slates of Saint-L6, over- 
lain by the purple conglomerates, schists, and nearly horizontal 
red sandstones. Thus is confirmed the general conclusion 
announced by Dufrénoy in 1835.—On the presence of micro- 
scopic mineral crystals of the feldspar group in certain Jurassic 
limestones of the Alps, by M. Ch. Lory. The crystals here 
described yield on analysis about 47 per cent. of potassic 
and sodic feldspar mixed with a little albite; 45 of quartz 
in bipyramidal crystals and pulverised ; 8 of argile, analogous 
in its composition to that of the carbonates of lime of 
the same horizon.—On the operations prosecuted in Tunisia by 
Commander Landas since the death of Col. Roudaire, by M. 
de Lesseps. The creation of an inland sea, the original object 
of these works, has been definitively abandoned, and attention 
is now devoted to the Wed Melah basin, which, by the sinking 
of Artesian wells, promises soon to recover its former productive- 
ness.—Note on M. Marcel Deprez’s experiments relating to the 
transmission of force between Creil and Paris, by M. Maurice 
Lévy. In this note is embodied the report of the sub-committee 
appointed to verify the results already obtained by M. Deprez 
during the course of the experiments carried out by him at Creil 
since November 1885. The main object of these experiments 
was to show the possibility of transmitting electrically to the 
Paris terminus, a distance of 56 kilometres, a force of 200 horse- 
power generated at Creil on the Great Northern line, with an 
effective yield of 50 per cent. The preliminary operations, con- 
cluded on May 24, show that the force consumed at Creil varied 
from 67 to 116 horse-power, that received at Paris from 27 to 
52 horse-power, the yield being from about 41 to 45 per cent., 
and increasing with the transmitted force. The experiments, 
conducted at the expense of MM. Rothschild, show conclusively 
that with a single generator and a single receiver force may be 
profitably transmitted to a distance of over thirty miles with a 
loss of not more than 55 per cent. on 52 horse-power, without 
exceeding a current of 10 amperes, an angular velocity of 216 
revolutions per minute, or a peripheric velocity of 7°50 m. per 
second. With improved appliances the loss, mainly due to 
absorption by the machines themselves, will probably be reduced 
to 50 per cent., and to still less in operations conducted on a 
larger scale.— Measurement of the intensity of sound by 
means of the manometric flames, by M. E. Doumer. It 
is shown that this apparatus, hitherto used mainly as a 
method of demonstration and summary study of the “mre of 
vocal sounds, is susceptible of far more varied applications, 
and especially may rival the graphic method in deter- 
mining the height or intensity of sound.—On the separation of 
arsenic, antimony, and tin, by M. Ad. Carnot. By employing 
oxalic acid and the hyposulphite of soda or ammonia, sulphurous 
acid and sulphuretted hydrogen, the author has succeeded in 
effecting these separations rapidly and accurately, as he had 
already effected the separation of copper, cadmium, zinc, 
and nickel. His new methods enable him greatly to simplify 
the analysis of the complex alloys, of which these metals are 
constituents.—IHeat of formation of the crystallised seleniures 
and of the amorphous seleniures, by M. Charles Fabre. Here 
are treated the seleniures of iron, manganese, cobalt, nickel, 
zinc, cadmium, copper, thallium, lead, mercury, and silver. In 
general the heat of formation of the seleniures prepared at high 
temperatures is shown to be equal or slightly inferior to that of 
the corresponding precipitated sulphides.—On the combinations 
of chloral and of resorcine, by M. H. Causse.—On the compo- 
sition of the element in the grease of sheep’s wool which is 
soluble in water, by M. E. Maumen¢é.—On the indirect inner- 
vation of the skin, by M. C. Vanlair.—Note on the arterial 
system of the scorpion, by M. F. Houssay.—Fresh researches 
on the production of monstrosities in the hen’s egg by a modifi- 
cation of the germ before incubation, by M. Dareste.—Obser- 
vations on the pollinisation of orchids indigenous in France, by 
M. Paul Maury.—A first survey of the vegetation in the French 
territory of the Congo, by M. Ed. Bureau. The botanical col- 
lections formed by the Mission of West Africa, which have 
already reached Paris, comprise two herbariums, one collected 
by MM. Thollon and Schweébisch, the other by MM. J. de 
Brazza and Pecile. There are altogether 599 species, chiefly 
from the districts of Franceville, Brazzaville, Ossika, Diéle, 
Lékéti, and Nganshu, on the Ogoway, Alima, and Lower 
Congo. 
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Chemical Society, May 24.—Dr. W. Will reported on the 
utilisation of myristic acid for lauric acid. According to the 
investigations of C. Reimer and W. Will there was, in the nuts 
of Myristica surinamensis, an excellent material for obtaining 
large quantities of myristic acid. Herr Lutz, student, had 
obtained from it myristinamid, and in accordance with the 
method of Hofmann, had transferred that into myristintridecyl- 
urea, tridecylamin, tridecyl nitrite, tridecylamid, and the cor- 
responding combinations of the twelfth series, inclusive of lauric 
acid.—Herr O. N. Witt reported on experiments for the local 
determination of the sulfo group in the nephthalic acids, which 
led him to the same results as those obtained by Cléve.—Prof. 
C. Liebermann referred to a work undertaken but not yet com- — 
pleted, with a view to the elucidation of the constitution — 
of opianic acid. He showed that there were reasons to — 
support the assumption of an aldehyde group in this com-— 
pound, as also for the oppesite assumption, a fact which led to — 
a discussion on the so-called atom migrations, in which Herren — 
Hofmann, Klason, Liebermann, Kramer, Pinner, and Will 
took part. Prof. Hofmann then called attention to the fact that 
such molecular shiftings of place had been particularly in quite 
recent times observed by him whilst studying the ether of — 
cyanuric acid. He described the formation of a 2/3 iso- and — 
1/3 ortho-ethyl ether of cyanuric acid which he had obtained — 
from cyanurate of silver by means of ethyliodide. This ether 
transformed itself, even at the ordinary temperature, into isotri- — 
ethyl-cyanurate.—In conclusion Prof. Tiemann communicated a — 
work by N. Nagai, on an aromatic ketune isolated from the 
root ofa Japanese peony, having the constitution— 1 

C,H ,(OCH,)(OH)(COCHS). 
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PHYSICAL HYPOTHESES 

Le Ipotest Fistche. Analizzate da Giannantonio Zanon. 

(Venezia: Lorenzo Tondelli, 1885.) 

ee its sitting of July 17, 1881, the Royal Venetian 

Institute of Sciences proposed as the subject of a 
prize an examination of recent hypotheses regarding the 

causes of luminous, thermal, electrical, and magnetic 

phenomena. The volume now before us is one of seven 
competing treatises produced by the end of March 1883. 
As to the vastness of its scope, and the extent of erudition 
displayed in it, we can fully ratify the sentence of the 
examiners officially deputed to pronounce upon its merits. 

It is an “attack all along the line,” and one conducted 
with no despicable array of mustered forces. The author 

has read and pondered much on the subjects he treats 
of ; he is a mathematician, and is hence alive no less to 

the value of mathematical evidence, than to the worth- 

lessness of a mere hollow show of mathematical formule; 

while the hypotheses he criticises have usually been tried 
by the severe test of a serious endeavour to realise their 

consequences. Many of his objections we at once admit 
to be valid; indeed, no universal explanation of physical 

phenomena has yet been proposed of which the structure 
was not riddled with visible absurdities. The late Prof. 
Challis devoted his considerable abilities and his best 
energies to the elaboration of a hydrodynamical theory of 
the universe, in which physical effects of all kinds were 
referred to forms of pressure of a continuous elastic 
medium. But the suggestion that an indefinite ascending 
series of such media might, after ail, be necessary to 
produce the required results, cannot be looked upon 
otherwise than as a confession of failure. Father Secchi’s 

heroic effort, in his “ Unita delle Forze Fisiche,” to see 
right down to the very bottom of things, was scarcely 

more successful. The reasonings upon which it was 

founded (as our author, among others, rightly points out) 

were vitiated at the root by a misapplication of Poinsot’s 
theorems on the resilience of rotating bodies ; and the 

cosmical machinery put together with such ingenuity, 
and set going with such heedful solicitude, came at once 
to a deadlock. Nor do we anticipate any better results 
from the scheme which Prof. Zanon himself promises to 
expound in a forthcoming work. The glimpses of his 
views afforded in essays already before the public are not 
encouraging. There is absolutely nothing gained in de- 
volving the responsibility of our ignorance upon phrases, 
and taking their obscurity for illumination. If we can 
find no adequate explanation of the activities manifested 
in the wonderful “frame of things,” of which we are at 
once spectators and participators, let us, in the name of 

candour and common-sense, acknowledge our impotence ; 
but let us not imagine that we in any sense repair or 

qualify it by talking of inherent qualities, “virtues,” pro- 
pagated ‘‘influences,” “ molecular tensions,” and the like. 
This would be to fall back into the rut out of which 
Moliére did something to help us with Argan’s famous 
diploma-examination :— 

VOL. XXxIV.—No. 877 

** Mihi a docto doctore 
Domandatur causam et rationem quare 

Opium facit dormire. 
A quoi respondeo, 
Quia est in eo 
Virtus dormitiva, 
Cujus est natura 
Sensus assoupire.” 

Undeniable ; but uninstructive. 

The work we are at present concerned with is divided 
into an historical and a critical section. Of hypotheses 
as to the constitution of matter and the causes of physical 

action, the human mind has in all ages been prolific. 

Their procession, lengthy as that which defiled before 

Bradamante in the grotto of Merlin, is here carefully, and 

as expeditiously as may be, marshalled for our benefit. 
From the aqueous world of Thales to the vortex-atom 
world of Sir William Thomson, we are enabled to trace 
the progress, or rather the vicissitudes, of thought. For 

it is not in this field that the amazing advances of modern 

science have been made. The subject of Prof. Zanon’s 

sketch is, not the onward march of natural investigation, 
but the “stations and retrogradations” of speculative 
physics. More than once, indeed, he is forced to exclaim 
with Horace, “Multa renascentur, que jam cecidere.” 

The incidental inclusion of some fragments of genuine 

scientific theory, legitimately verified by experience, does 
not alter this general character. 

The narrative is disfigured by a few inadvertencies. 

At p. 44, for example, the origination of the wave-theory 

of light is ascribed to Malebranche ; but in the very next 

page, and with better reason, to Hooke, whose “ Micro- 
graphia,” containing the assertion that “light is a very 
short vibrative motion,” propagated in spherical waves of 

agitation through “an homogeneous medium,” appeared 

in 1665, nine years before the first-fruits of Malebranche’s 
meditations were given to the world. At p. 50, Lavoisier’s 

vationale of combustion is inextricably involved with his 

rationale of the decomposition of water; and at p. 118 
the point is strangely missed of Prof. Tyndall’s illustrative 
explanation of the change from the liquid to the gaseous 
state. It is worth while to point out these slips in a 
book representing a large amount of painstaking original 

research, 

No notice is taken in it of Isenkrahe’s recent specula- 
tions concerning the cause of gravity. They belong to 
the same family with those of Le Sage, justly condemned 

as “a mere effort of imagination, defiant alike of the 
dictates of reason and the laws of nature” (p. 229), 

Shelter from molecular bombardment, in one form or the 

other, is the key offered by them to the standing riddle of 

the cosmos. They explain gravity as a fush, not a pull. 

Central forces are replaced by the preponderant external 

impacts of “mundane” or “ ultramundane” particles. 
Such theories write their own sentence. They include 
their own condemnation, For, as M. Isenkrahe with the 

utmost candour points out, the very form of his funda- 
mental equation implies a contradiction of the law that 

gravity varies with mass. It is obeyed only when the 
value of the equation becomes equal to nothing—that is, 

when there is no action of the kind postulated. 
In the critical section of Prof. Zanon’s volume, theories 

of the constitution of matter are examined separately 
from theories of the physical forces. That perplexities 

R 
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exist in both departments of research is a statement 

equivalent to the as yet undisputed assertion that human 

faculties are limited and human knowledge imperfect. 
Nevertheless, some of the difficulties raised by him are 
well worthy of thoughtful consideration. There can be 

no doubt, for instance, that the results of M. Gustav 

Hirn’s experiments on the resistance to motion of air at 

different temperatures are gravely embarrassing to the 

kinetic theory of gases. The resistance ought to vary 

as the square root of the absolute temperature ; it con- 
tinues, nevertheless, practically unchanged at all temper- 
atures, so long as the density remains the same (Comptes 

Rendus, t. Xciv. p. 379)- 

Our author's strictures, however, although couchedin 

terms of praiseworthy moderation and fairness, are some- 
what too indiscriminate. His respect for thoroughgoing 

scientific work is evident and unfeigned ; but it is almost im- 

possible to take up the position of a sceptic ex frufesso, with- 
out at times incurring the reproach of perversity. Weare 

totally unable to see the force of his reasons for preferring 

the obscure notion of a threefold spectrum containing 
chemical rays specifically distinct from thermal, and 

thermal from luminous, to the simple and intelligible view 

which substitutes for intangible differences of quality in 

radiations, measurable differences of wave-length. Nor 
ean we believe that he would, on mature consideration, 

attempt to maintain the opinion that the planetary move- 

ments would remain unaffected by the progressive trans- 
mission of gravity. It is demonstrable that a species of 

aberration would thence ensue involving accelerative 

effects the insensibility of which so far proves (as Laplace 
has shown) that gravitative influence travels at /east fifty 
million times faster than light. We owe the remark to 

Mr. William B, Taylor (S7zthsontan Report, 1876, p. 212), 

that if one minute were spent on the journey from the 
sun to the earth, the consequent slight obliquity of trac- 
tion, represented by an angle of 24, would produce a 

shortening of the year perceptible while the sun was 
finishing a single round of the Signs. 

Prof. Zanon appears to have bestowed much intelligent 

study on spectroscopic science. He carefully examines 

Mr. Lockyer’s discovery of the independent “ behaviour ” 
of iron lines (amongst others) in spots and prominences, 

and though rejecting the inference of dissociation, he 

admits the necessity of assuming an ad /zbztum number 

of allotropic forms of the substance in question in order 
to explain anomalous appearances. He published more- 
over in 1880 a detailed analysis of Mr. Lockyer’s “Studies 
in Spectrum Analysis,” deriving therefrom confirmation 
in many particulars of his own views as to the nature of 
matter. Whatever we may think of these, there can be 
no doubt that our hope of penetrating the mysteries of 
molecular constitution must in future rest on the dis- 
closures of the spectroscope. We do not in the least 
believe that these point towards the conclusion depre- 
cated by Prof. Zanon of a fundamental unity of substance. 
On the contrary, Mr. Lockyer’s striking observations 

indicate (if we may be allowed the expression) divergent, 
rather than convergent, simplifications. 

It is perhaps inevitable in a work of the character of 5 
that now under consideration that the value to science 

of “working hypotheses ” should be taken little account 
of. Yet the story of man’s progressive knowledge of 

nature is a story of tentative efforts to represent facts to 
thought. Without some method of provisionally co- 

ordinating phenomena, indeed, the advance from a lower 
to a higher stage of induction, which we call discovery, 
could scarcely at all be effected. The true investigator is 

he who is never weary of collecting particulars to fit into 
his framework of theory, and of reconstructing his frame- 

work of theory to match fresh particulars. Without the 
power of thinking appearances into shape, no diligence 
in amassing the details of those appearances is of the 
slightest avail. 

There is, it is true, the danger of a working hypothesis 

hardening unduly or prematurely into a theory—of a mere 

track, struc’: out for surveying purposes, turning into a 
fenced highway, without exit save in a quagmire. Against 
this peril the activity of such critics as Prof. Zanon is a 
very effectual safeguard. Their assaults may sometimes 

appear vexatious, but are really directed in the best in- 
terests of science, as hindering false security, and leading 

to a juster estimate of probabilities. 
A. M. CLERKE 

A MANUAL OF MECHANICS 

A Manual of Mechanics; an Elementary Text-Book, 
designed for Students of Applied Mechanics. By 
T. M. Goodeve, M.A. (London: Longmans, 1886.) 

HIS little work is evidently meant for readers whose 

knowledge of mathematics is small. The amount 
of mathematical knowledge supposed may, perhaps, be 

best inferred from an example quoted from the book 
itself. In p. 32 we have the problem to find the resultant 
of two equal rectangular forces, P. If A is the resultant, 

es ay ie FEN By 50 _ 4/49, Re 2 R= PV2. Now V2 ae 8 very nearly; .-. 

J2 = 7 very nearly. Whence ? at PP.” When the 
5 

angle between the lines of action of the forces is 120°, 
R should be equal to P; but it is proved in p. 33 to be 

equal toP 3, by an unaccountable error in the application 

of an elementary formula. However, 3 is found by 
= 48, 49 

the same process as before. Thus 3 = cae = af, 

SRG a very nearly, 7 

Now what naturally strikes one about beginners who 
have to be spoon-fed in this fashion is that it would be 
very much better to spend some time in teaching them 
trigonometry and algebra, than to push them into 
dynamics with the very slender knowledge of arithmetic 

and geometry which they possess. In our system of 
national education there is far too much effort employed 
in bringing branches of dynamics and physics dows te 
the level of the ignorant, and too little in bringing students 
up to the standard of mathematical attainment required 
for a really intelligent knowledge of these subjects. The 
result of this system is that nearly all our elementary 

scientific books are very scrappy in character, presenting 
to their readers conceptions which they cannot possibly 
realise, and which must therefore be crammed into the 
mind as mere definitions devoid of real meaning. 

In elementary scientific treatises it is necessary to 
insist, above all things, that the information given to the 
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reader shall be above reproach, so that if he further 

pursues the subject treated of, he may, at least, not be 
hindered or misled by erroneous definitions or ideas 

placed before him at the outset. 

The work before us, when it has been subjected to a 

slight revision, will fairly satisfy the conditions of an 
elementary text-book which is at once strictly scientific 
in its ideas and rich in practical applications. 

Indeed, the practical portion of the work is, as was to 

be expected, very good. The portions dealing with 
mechanism are well suited to illustrate the scientific 

principles, and will be found very useful. 
We shall confine ourselves to pointing out some of the 

blemishes which disfigure the theoretical portion. 

P. 1. “ When the tendency which force exerts to move 

a body is counteracted, so that the body remains at rest, 

the force is commonly called a pressure.” It may be 
safely said that no such limited use is ordinarily made of 

the term pressure. 
P. 2. The statement that two lumps of sugar placed in 

contact on a table do not adhere, because “the attraction 

emanates from their centres, which may be an inch 

apart,” is not altogether conducive to sound notions. 
In p. 19 we have the usual definition of the measure of 

a variable velocity, viz. “the space which would be de- 
scribed in a unit of time if the body retained throughout 

that unit the velocity which it has at the instant con- 
sidered.” When will people find out that this definition 
really defines nothing? It is truly Gladstonian in its 
elusiveness. Of course we find exactly the same 

“definition” of variable angular velocity (p. 62), variable 
acceleration (p. 99), and variable pressure (p. 176). 

In p. 26 we havea most confusing exposition of New- 

ton’s Second Law. What, for instance, is the beginner to 

understand by this >—‘‘ Since we are dealing with a body 
in motion, itis clear that we may consider (1) the weight 

of the body to be constant, and its velocity to vary; (2) 
the weight of the body to vary, and its velocity to remain 

constant.” The discussion of this law seems to show 

that its object is entirely misconceived by the author. 
For, while the law aims at giving a complete measure of 
Sorce, the author merely deduces from zt (by reasoning in a 

circle) a definition of momentum, his discussion ending 

with the words, “Hence, quantity of motion = (mass) 
(velocity).” 

Again, in p. 28,.“the explosive force of powder in a 
gun is actzom, and the momentum generated in the pro- 

jectile is veactzov.” This is plainly open to the objection 
of equating force to momentum—a most mischievous 

notion. 
In p. 48 the full meaning of the centre of parallel forces 

is by no means brought out, and the rule for finding its 
distance from a given line is incorrect: “ Multiply each 
force into its perpendicular distance from a given line,” 

&c. The rule ought to be enunciated with reference toa 
plane, and not to a ézze, and instead of the unmeaning 

term “distance of a force from the plane” we should say 
‘distance of its point of application from the plane.” 

It is surely incorrect to say, as in p. 61, that “it is the 
universal practice to appropriate the Greek letter o 
(omega) for expressing the unit of angular velocity.” 

It is very important to distinguish, in the mind of the 
beginner, between force and fower. In p. 72 power is | remember that the 
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correctly defined as [time-] rate of doing work; but the 
language immediately following loosens this idea. Thus, 

“the number 33,000 foot-pounds is the zsz¢ of horse- 

power.” There is tautology in the expression “ Watt 

estimated that the sustained work of a horse continued 
for one minute would raise 33 000 lbs. through one foot in 

one minute.” Again, the term fower is used in p. 94 to 

designate a force applied to a machine. 
In p. 73 the principle of work as applied to equilibrium 

is thus enunciated: “If a system of bodies be at rest 
under the action of any forces, and be moved a very little, 

no work will be done.” It may well be doubted whether 
this enunciation is explicit enough to give a useful idea 
of the great statical principle. Indeed, the cases selected 
for illustration bear out in no way the proviso that the 

bodies must “ be moved a very little.” 
Passing on to p. 98, we find acceleration of velocity 

discussed, and we have the formal definition: “the unit 

of acceleration adds a velocity of 1 foot in 1 second,” 
which, as the words stand, has absolutely no meaning. 

The beginner ought to be taught that acceleration has a 
double reference to time, and it should never for a moment 
be spoken of otherwise than as “feet per second per 

second,” or “miles per hour per minute,” or by some 
other equivalent phrase. In p. 102, g is spoken of as 

32°2 feet per second. 
Finally, in p. 113 the beginner is introduced to the 

discussion of a compound pendulum formed by a straight 

uniform bar. Its time of oscillation depends on a radius 
of gyration. What idea is our beginner likely to have of 
this? The definition of £, the radius of gyration of the 
bar 4B about an axis through its centre of gravity, G 

(p. 114), is quite erroneous—“ let £® be the sum of the 
squares of the distances of each particle of A from the 
point G.” This sum is, of course, infinite. What is 
meant by £? is the zea square of distance from G. But 

clearly such a question is wholly unsuited to beginners. 
The book concludes with a large collection of examples, 

taken from the Science Examinations, which will be 

useful to students. GEORGE M. MINCHIN 

OUR BOOK SHELF 

Mémoire sur les Volumes moléculaires des Liguides, avec 
un Avant-propos. By Hermann Kopp. Pp. 47.« 
(Heidelberg : C. Winter, 1886.) 

THIs is a dvochure one-third of which is devoted to an 
“avant-propos” explaining why the paper does not appear 
in the Annales de Chimie e¢ Physique, and making certain 
statements relating to M. Berthelot’s recent work, “ Les 
Origines de lAlchimie.” The remaining part contains a 
discussion of a paper on molecular volumes of liquids 
which appeared in the Azales. In 1869 Prof. Kopp 
published, in succession to his “ Geschichte der Chemie,” 
a volume of “ Beitrage” to the history, explaining more 
fully the principal epochs in chemical history, more espe- 
cially in relation to alchemy. In 1885 M. Berthelot pub- 
lished his work, which had occupied more or less of his 
attention since 1869. Its general character is very similar 
to the “ Beitrage,” though much less complete, and Kopp 
complains that no reference whatever is made to his book. 
Berthelot, in reply, states that he was unaware of the 
existence of the “ Beitrage,” yet he quotes references to 
works in which this “cahier” (as he calls it) is repeatedly 
mentioned. The oversight is a very grave one, when we 

“cahier” is a contribution of over 
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800 pages, and when we consider the position which Prof. 
Kopp holds as an historian of chemistry, a position which 
demands that due regard should be paid to his writings. 

The more immediate object of the pamphlet is, how- 
ever, to reply to the strictures of MM. Bartoli and 
Stracciati on the law of molecular volumes. These gentle- 
men have criticised somewhat severely Kopp’s work in this 
department without taking into consideration the obstacles 
which, at the time it was carried out (1855) stood in the 
way of accurate and definite investigation. Singularly 
enough, they do not escape the same charge, having them- 
selves in some cases made use of materials of an insufti- 
cient degree of purity. It is likewise pointed out that 
they are labouring under a complete misapprehension of 
the views held by Kopp and the significance of his deduc- 
tions, nor do they seem to have appreciated the difficulties 
that surround the establishment of a “ physical law” of 
general application. GAH. B. 

LETTERS TO THE EDITOR 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Organic Evolution 

ALLUDING to the first instalment of your abstract of my 
recently published paper on ‘‘ Physiological Selection,” the 
Duke of Argyll remarks :— 

“*T rejoice that the author has at last discovered that ‘ natural 
selection has been made to pose as a theory of the origin of 
species, whereas in point of fact it is nothing of the kind.’ 
This has been my contention for many years” (NATURE, vol. 
XXXIV. Pp. 335). 

These words seem to imply that my views with regard to 
natural selection have now undergone an important change, and 
one which brings them into conformity with those that have for 
many years been contended for by the Duke. It therefore seems 
desirable to state that such isnot the case; and as [ can only 
attribute the misunderstanding of so able and friendly a reader to 
some ambiguity in the condensed abstract of my paper to which 
he refers, I may invite him to consult the paper itself, where the 
matter to which he alludes is more fully explained. He will 
there find that my views upon the subject of natural selection are 
the same now as they have been during the last fifteen years ; 
that in all essential respects they still coincide with those that 
were held by Mr, Darwin ; and that my ‘‘ additional suggestion 
on the origin of species, although quite independent of natural 
selection, is in no way opposed to natural selection,” but is to 
be regarded as indicating ‘‘a factor supplementary to natural 

“selection.” 
The state of matters, then, is simply this. Mr. Darwin him- 

self has freely acknowledged that his theory of natural selection 
is not in itself a sufficient explanation of the origin of species. 
He therefore supplemented the natural causes which are together 
comprised under this term? by sundry other causes of a similarly 

1 In common with many other critics of Mr. Darwin’s work, the Duke of 
Argyll has always contended that the theory of natural selection is “ funda- 
mentally erroneous” in that it assumes “ variations to arise by accident,” and 
merely “groups under one form of words, highly charged with metaphor, an 
immense variety ofcauses.some purely mental, some purely vital, and others 
purely physical or mechanical.’’ This, however, is no valid criticism of the 
theory, which for the first time did comprise under one general point of view all 
the causes which together go to produce the results. In the opinion of the 
Duke, the weakest element of the theory consists in its inability to explain 
the causes of those variations on the occurrence of which the theory depends 
(Narure, loc ci#.. p. 336). But it is clearly no valid objection to a theory 
which explains one set of causes that it is unable to explain another and 
ulterior set. So long as variations of all kinds are known to be matters of 
fact, they are available for the theory of natural selection, even though the 
ulterior or physiological causes of variation should never be discovered. 
And for all the purposes of this theory it makes no difference whether the 
variations which are seen to take place in all directions, with and without 
respect to utility, are spoken of as ‘‘accidental” or as due to hidden causes. 
All that this theory has to do is to take the principle of promiscuous varia- 
tion in all directions as a datum supplied by observation, and from this fact 
to show how the further principles of heredity, struggle, and survival are 

natural kind. Of these he attributed most importance to use, 
disuse, sexual selection, correlated variation, and prolonged 
exposure to uniform conditions of life. To these supplementary 
causes Moritz Wagner added independent variation in the ab- 
sence of intercrossing with parent forms, while I have myself 
added physiological selection. Now, the whole body of Mr. 
Darwin’s followers have agreed with him in holding that the 
theory of natural selection is not in itself a sufficient explanation 
of the origin of species. But many of these followers differ 
from Mr, Darwin, and also differ among themselves, as to the 
proportional part which the principle of natural selection is to 
be considered as having played in the evolution of species. Mr. 
Darwin thought that in this respect natural selection plays a more 
important part than any other principle [therefore it is hard 
to see how in this respect any of ‘‘the successors of Darwin” 
can possibly ‘‘have run quite wild from the teaching of their 
master’’], while in the opinion of many of his followers this 
principle should be regarded as of a value subordinate to the 
others. Of all the writers who have taken the latter view, the 
most clear-headed, as well as the earliest and most persistent, is 
Mr. Herbert Spencer. He more than any ‘other -author has 
been instant, both in season and out of season, in giving reasons 
for the scepticism that is in him. I confess, therefore, to not 
understanding the Duke of Argyll when he says that in the two 
articles recently published by Mr. Spencer ‘‘we have for the 
first time an avowed and definite declaration against some of 
the leading ideas on which the Mechanical Philosophy depends.” 
So far as I can see, these two articles convey little more than 
a reiteration of the characteristically Spencerian view that, in 
the course of organic evolution the processes of “ direct equili- 
bration ” have been of more importance than those of ‘‘ indirect 
equilibration.” By the first of these terms Mr. Spencer means 
use, disuse, and all other causes tending directly to the produe- 
tion of adaptive structures, while by the second he means natural 
selection. Now, from the time when Mr. Darwin first published 
his “‘ Origin of Species” the main point of difference between 
his views and those of Mr. Spencer has uniformly consisted 
in the estimates which they have formed of the relative 
importance of these two kinds of equilibration. Surely, 
therefore, this cannot be the respect in which it is said 
that Mr. Spencer has ‘‘now for the first time opened his 
eyes and his mouth.” Yet, if not, I do not understand the 
allusion. The Duke seems to imagine that, in some way or 
another, Mr. Spencer has taken a new and important ‘ point of 
departure” in the course of his speculative thinking, and one 
which is ‘‘fatal to the adequacy of the Mechanical Philosophy 
as any explanation of organic evolution.” It would be a matter 
of great interest to me —and I am sure to many others who have 
read the articles in question—to be told in what respect Mr. 
Spencer has committed himself to so great a change of doctrine ; 
and it would certainly be a matter of profound astonishment to 
all evolutionists if Mr. Spencer can be shown to have so much 
as insinuated that his ‘direct equilibration” differs from Mr. 
Darwin’s natural selection in not belonging to the system of so- 
called Mechanical Philosophy—or that those factors of organic 
evolution on which he has mainly relied differ from those on 
which Mr. Darwin has mainly relied in lending better counten- 
ance to the Supernatural Philosophy of Design. 
My own attitude with regard to all these questions is perfectly 

plain and simple. In common with Darwin, Spencer, and the 
great majority of evolutionists, I believe that in the origin and 
development of adaptations—whether structural or instinctive— 
two sets of strictly natural causes have been at work: I agree 
with Mr. Darwin in thinking that of these two sets of causes the 
“indirectly equilibrating ” have been of more importance than 
the ‘directly equilibrating”: but I differ from other evolu- 
tionists, both of the Darwinian and Spencerian schools, in 
expressly drawing a marked distinction between causes of either 
kind which have been operative in the evolution of adaptations 
and those which have been operative in the evolution of sfecies ; 
and, lastly, I claim to have shown that when once this distinction 
is recognised, the theory of natural selection ceases to be, 
properly speaking, a theory of the origin of species; that it is 
thus liberated from all the difficulties with which it has hitherto 
been entangled on account of its having been made to ‘ pose” 
as such ; and that it is therefore placed in a position of greater 
competent to se/ect the variations which happen to be useful from those 
which are not. One might as well object to the physical explanation of 
specific gravity in selecting or sorting the different materials of a sea-shore, 
on the ground that we do not know the causes either of gravity in general 
or of the variations that are observable among specific gravities in particular. — 
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logical security than it has ever occupied before. Far, then, 
from joining the ‘‘ contention” of my critic in seeking to depose 
natural selection as a theory of the genesis of adaptive structures 
and instincts, I have expressly sought to fortify that theory as a 
**mechanical” explanation of these phenomena. Whether or 
not I have been successful I must leave others to judge, after 
they have done me the justice to read my original paper. But, 
be this as it may, the ambiguity of that paper must indeed be 
extraordinary, if it leads any one to suppose that my argument 
is precisely the opposite of what it is intended to be. 

Geanies, Ross-shire, August 16 GEORGE J. ROMANES 

Meteorology and Colliery Explosions 

THE catastrophe at Woodend Colliery on Friday last again 
directs attention to the connection generally believed to exist 
between explosions of fire-damp and atmospheric changes. The 
real nature of this connection is but little, if at all, understood. 
From time to time observations have been taken with the view 
of throwing some light on the subject, but as the observations in 
one mine were discussed without reference to what may have 
been occurring in other districts, the results have not added 
much to our knowledge. Meteorology, however, is now suffi- 
ciently advanced to permit the adoption of another and more 
satisfactory method of dealing with the question. 

The idea so long prevalent that certain fixed points on the 
barometric scale indicated certain kinds of weather has now 
been discarded, the examination of synchronous weather charts 
showing conclusively that the weather changes are not so much 
dependent upon the height of the barometer at any one place as 
upon the relations existing between readings over a tract of 
country ; the direction in which the highest and lowest readings 
lie, and the difference of pressure (the barometric gradient) 
between neighbouring places—these form the basis of our modern 
weather knowledge. Nothing of this kind has hitherto been 
attempted when dealing with observations from collieries. If 
the presence of gas in mines is in any way regulated by changes 
of atmospheric pressure, it would be well to see if, like the 
weather, it is distributed in areas, and whether in these areas 
again some localities would have more gas than others, de- 
pendent more upon the distribution of pressure than upon local 
readings. With the object of discovering some law or laws 
governing the presence of gas, I appeal to colliery officials in 
every coal-field in Great Britain and Ireland to supply me with 
the few observations detailed below for a period of four months 
—from September 1 to December 31, the best part of the 
year for such work. 

The Meteorological Office Weather Charts issued daily (Sun- 
days included) at 8 a.m. and 6 p.m. show the distribution of 
pressure, winds, temperature, and weather. To these I propose 
adding the information supplied from mines af the same hours. 
Those who cannot arrange for two observations daily, to give 
preference to the morning set. The gas observation being the 
most important, I would be glad if precise information can be 
given. Absolute uniformity cannot be expected, but I would 
suggest that, where possible, a disused gallery favourable to the 
object in view should be us2d, one where the changes in the 
quantity of gas can be stated in yards or feet, thus turning the 
gallery into a gas barometer somewhat similar to the one at 
Seaham Colliery after the explosion of a few years ago. Those 
who have not the facilities for such measurements can still give 
valuable data if they do no more than note the increase or 
decrease of gas as ‘‘slight,” ‘‘ moderate,” or ‘‘great.’’ The 
appended specimen of the form for recording the observations 

Form for Recording Observations 
ah SOB OEB OREO Colllienyanedrgrs.ieceesseenesccs 

‘Top of shaft, In underground workings, 
ooeent ice spore see yards from shaft 

Tats sea-level | ...... feet below pit-bank Gasin 

peptember, = gallery, | Remarks 
1886 Tempe- | Q yards 

rature Baro- | Tempe- |. "80 
in the |Weather meter aie mayokaw 
shade passing 

1st, 8 a.m. 
6 p.m 

2nd, 8 a.m. 
6 p.m 

has columns for the air-temperature in the shade’ at the pit-bank, 
and the weather ; while underground, in addition to the gas- 
record, the reading of a barometer and thermometer, and quan- 
tity of air passing at a fixed point some distance in the workings ; 
also, remarks on the variations of the gas and ventilation at 
other than the regular hours. A sheet of close-ruled foolscap, 
arranged as indicated, will contain the data for one month, and, 
as soon as filled up, should be forwarded to me at the Meteoro- 
logical Office, London, S.W. On the back of the first return 
particulars are required of the geographical position of the 
mine, the name and address of the manager, whether the baro- 
meter is a mercurial or an aneroid, together with the readings 
of the same at the pit-bank at 8 a.m. daily for a week before 

} taking it underground, and ‘describing the plan adopted in 
measuring the gas. It must be understood that I am under- 
taking the discussion as my own work, for which the Meteoro- 
logical Council is not responsible. Hy. HARRIES 

August 16 

Railway Weather Signals 

WITH reference to the notice given in NATURE, vol. xxxiv. 
Pp: 347; of the ingenious plan adopted by the Norwegian Meteoro- 
logical Institute for disseminating its weather reports, it may not 
be known to all of your readers that a similar system of signals 
has been in use for some time on the railroads in Ohio, Penn- 
sylvania, and Canada. The day signals there consist of sheet- 
iron disks about three feet in diameter, and are displayed on the 
side of baggage-cars. The signals are shaped like the sun, a 
crescent, or a star, and differ in colour, being red or blue. The 
red colour refers to the temperature, and the blue to the state of 
the weather, as rainfall or snow. This system of signals was 
first brought into practical operation by Prof. T. C. Mendenhall, 
Chief of the Ohio Meteorological Bureau. 

A system of night-signals for railways is also under trial in 
Pennsylvania: they are in the form of rockets or an exploding 
cartridge, which, when fired, may be seen from six to ten 
miles. Cuas. HARDING 

August 17 

Tornaria and Actinotrocha of the British Coasts 

THREE species of Balanoglossus are known to occur on the 
shores of North-West Europe. . Balanoglossus kupfferi was taken 
by Willemoes Suhm at Helleback, in the Sound, that is, on the 
coast of Zealand (Zeit. f. wiss. Zool. vol. xxi. 1871); Balano- 
glossus salmoneus, Giard, and B, vebinii occur, according to Mr. 
Bateson’s last paper in the Quarterly Fournal of Microscopical 
Science, at Concarneau, in’ Finistére, and I believe also at the 
Channel Islands. But no Balanoglossus has yet been found on the 
shores of Britain. It will therefore be of some interest to British 
naturalists to learn that in August 1884 I obtained in the tow- 
net a larva which seemed to possess the distinctive characters of 
Tornaria. I had not leisure at the time to study the specimen 
with much attention, but I made a hurried sketch of it, which 
shows the presence of two parallel longitudinal bands of cilia 
anteriorly, and a single transverse band posteriorly. At the 
posterior end is a conical protv berance resembling the adhesive 
organ described by Bateson in his creeping larva. The position 
of the mouth was not ascertained, but was probably between the 
two anterior bands of cilia. The water vessel and tuft of cilia 
at the apex of the preoral lobe were not observed. This larva 
may not have been Tornaria, but I think it really was that form ; 
and naturalists who are spending an autumn holiday at the sea- 
side would probably, if they undertook the search, succeed in 
finding Balanoglossus in the littoral sands, and its larvee in the 
shore waters. 

Phorenis is also at present, I believe, excluded from the British 
littoral fauna, but is certainly present on our shores, though 
no adult specimens have been taken. I took large numbers of 
Actinotrocha in the tow-net, close to the shore, in September 
1883, a little to the north of the mouth of the Cromarty Firth. 
If I am mistaken in supposing that adult Phorenis and Balano- 
glossus have never been found on the coast of Britain, I shall be 
glad to be corrected. J. T. CUNNINGHAM 

Mock Suns 

As I observe the omission from my letter on the pazhelia or 
mock suns of last month (p. 313) of the diagram which was 
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intended to describe the real phenomena, may I ask you to allow 
me a few lines of space for the following : 

The real sun was surrounded at a short distance by a halo or 
rainbow circle of great beauty, with a mock sun of the same 
apparent magnitude and brightness on the right and left ; and 
portially formed suns above and below the ring: all of them 
being slightly opalescent. From the two perfected suns pro- 
ceeded cones of intense light, about 3 diameters of the sun in 
length, and with their apices pointing east and west. ‘These 
were rather more opalescent than the mock suns from which they 
seemed to originate. A second rainbow ring at a considerable 
distance outside of these extended to the zenith. The period of 
greatest beauty and brightness, when they were as rich in colour- 
ing as areal rainbow, lasted about 5 minutes. I was able to 
watch the whole of the phenomena from a little after 4 to nearly 
6 o'clock. Ropert H. F, Rippon 

Jasper Road, Upper Norwood 

PHYSIOLOGICAL SELECTION: AN ADDI- 
TIONAL SUGGESTION ON THE ORIGIN OF 
SY ZV HEITOR 

III. 

ARGUMENT from the Prevention of Iniercrossing.— 
This argument is the same from whatever cause the 

prevention of intercrossing may arise. Where intererossing 
is prevented by geographical barriers or by migration, it is 
more easy to prove the evolution of new species as a con- 
sequence than it is when intercrossing is prevented by 
physiological barriers; for in the latter case the older 
and the newer forms will probably continue to occupy the 
same area, and then there will be no independent evidence 
to show that the severance between them was due to 
the prevention of intercrossing. Nevertheless, all the 
evidence I have of the large part that geographical 
barriers have played in the evolution of species by pre- 
venting intercrossing with parent forms goes to show the 
probable importance of physiological barriers when acting 
in the same way. Henceit will be better to postpone this 
line of argument in favour of physiological selection until 
the appearance of my next paper, where I shall hope to 
show, from evidence furnished by the geographical distri- 
bution of species, how predominant a part the prevention 
of intercrossing has played in the evolution of species. 
Here, therefore, I will merely remark that wherever inter- 
‘crossing with parent forms is prevented, in the proportion 
‘that it is prevented a better opportunity is given to 
natural selection for seizing upon any beneficial varia- 
tions that may happen to arise. On this account physio- 
logical selection probably lends important aid to natural 
selection, thus becoming indirectly instrumental in the 
evolution of useful as well as of useless structures. 

There is also another respect in which these two kinds 
of selection probably co-operate. For Mr. Darwin shows 
that “it would be clearly advantageous to two varieties, 
or incipient species, if they could’be kept from blending, 
on the same principle that, when man is selecting at the 
same time two varieties, it is necessary that he should 
keep them separate.” But he proceeds to show that this 
advantage cannot be conferred by natural selection, and 
hence that the sterility which is so generally character- 
istic of species cannot be attributed to this agency. We 
have, however, just seen that this sterility is in all likeli- 
hood due to physiological selection; and therefore, if it 
be true, as Mr. Darwin thought, that “it would profit an 
incipient species if it were rendered in some slight degree 
sterile with its parent form,” physiological selection and 
natural selection may mutually assist one another. For, 
although the benefit of this sterility could not have been 
initially conferred by natural selection, yet when it once 
arises from an independent variation in the reproductive 
system, there is no reason why it should not forthwith be 
favoured by natural selection, just as is the case with 
advantageous variations in general. 

t Abstract of a Paper read before the Linnean Society on May 6, by 
George J. Romanes, M.A., LL.D., F.R.S. &c. Continued from p. 340. 

‘structures are sometimes of the most curious and complex 

an eee Ne ert Feeling how grave a difficulty was presented to his 
theory of the origin of species by the general sterility of 
species, Mr. Darwin was extremely anxious to find some 
way in which natural selection might be seen to have 
brought about this result. Had it occurred to him that 
this result was probably nothing more than the necessary 
expression of a particular kind of variation on the part of 
the reproductive system, I cannot doubt that he would 
have felt the theory of natural selection to have been 
relieved of one of its greatest disabilities. 
Argument from the Inutility of Specific Differences — 

After what has already been said on this subject, I will 
here only deal with one question, namely, Why is it that 
apparently useless structures occur in such profusion 
among species, in much less profusion among genera, and 
scarcely at all among families, orders, and classes? It 
may be answered that the points wherein species differ 
from species are usually points of smaller detail than 
those which distinguish genera, families, &c., and thus 
may well actually be as a rule less useful, although still 
not absolutely useless : natural selection, it may be urged, 
is better able than is the naturalist to diagnose utility. 
But here again we have a most unwarranted appeal to the 
argument from ignorance ; whereas, according to my view, 
it is quite intelligible that when a varietal form is differ- 
entiated from its parent form by the bar of sterility, isola- 
tion, or migration, any little meaningless peculiarities of 
structure (or of instinct?) should at first be allowed to 
arise, but should eventually be eliminated as so much 
surplusage in the struggle for existence, by economy of 
growth, or even by independent variation when undirected 
by natural selection. A greater or less time would in — 
different cases be required to effect this reduction, and 
thus we can understand why they are sometimes allowed 
to persist into genera, but rarely into families. : 

Again, if apparently useless specific characters (whether 
these be new structures or modifications of old ones, — 
slight changes in form, colour, and so forth) are thus 
regarded as really useless, we should expect that they 
ought to be of a kind which do not impose much physio- 
logical tax upon the organism, since otherwise natural — 
selection would not have allowed them to become so 
much as specific characters. Well, I have applied this 
test, and find it is a most general rule that specific 
characters the utility of which cannot be perceived are 
such as do not impose any considerable demand for 
nourishment: either on account of their small size or 
of their organically inexpensive material, they do not im- 
pose much tax upon the organism. Now it is obvious 
that there can be no connection between utility as dis- 
guised and smallness of size or inexpensiveness of 
material ; while it is no less obvious that there is a close 
connection between these things and a real inutility. 

Lastly, our domesticated varieties ‘occasionally exhibit 
well-marked and more or less constant characters of a 
useless kind. Here there can scarcely be any question 
about the genuineness of the inutility, seeing that the 
characters have arisen only under domestication, or in 
the absence of any struggle for existence. Yet these 

morphology—even more so than innumerable apparently 
useless structures in the case of natural species? 
Argument from Divergence of Character —Any theory 

of the origin of species in the way of descent must be 
prepared with an answer to the question, Why have 
species zultiplied? Why have they not simply become 
transmuted in linear series instead of ramifying into 
branches? This question Mr. Darwin seeks to answer 

* For instances of useless instincts see Mr. Darwin’s posthumous essay 
published in my “Mental Evolution in Animals.” It is suggestive in the 
present connection that, just like useless structures, useless instincts, so far 
as I can find, only occur in species and genera: never in families, orders, or 
classes. 

* For a good instance of this see ‘‘ Variation of Plants and Animals under 
Domestication,” vol. i. pp. 78-79. 
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“from the simple circumstance that the more diversified 
the descendants from any one species become in struc- 
ture, constitution, and habits, by so much will they be 
better enabled to seize on many and widely diversified 
places in the economy of nature, and so be enabled to 
increase in numbers.”! And he proceeds to illustrate this 
principle by means of a diagram, showing the hypo- 
thetical divergence of character undergone by the de- 
scendants of seven species. Thus, he attributes divergence 
of character exclusively to the influence of natural selec- 
tion. 

Now, this argument appears to me unassailable in all 
save one particular; but this is a most important parti- 
cular: the argument wholly ignores the effect of inter- 
crossing with parent forms. Granting to the argument 
that intercrossing with parent forms is prohibited, and 
nothing can be more satisfactory. The argument, how- 
ever, sets out with showing that it is in limited areas, or 
in areas already overstocked with the specific forms in 
question, that the advantages to be derived from diversi- 
fication will be most pronounced. Or, in Mr. Darwin’s 
words, it is where they “ jostle each other most closely” 
that natural selection will set a premium upon any 
members of the species which may depart from the 
common type. Now, inasmuch as this jostling or over- 
crowding of individuals is a needful condition to the 
agency of natural selection in the way of diversifying 
character, must we not feel that the general difficulty 
from intercrossing previously considered is here pre- 
sented in a special and aggravated form? At all events, 
I know that, after having duly and impartially considered 
the matter, to me it does appear that, unless the swamping 
effects of intercrossing with the parent form on an over- 
crowded area is in some way prevented to begin with, 
natural selection could never have any material supplied by 
which to go on with. Let it be observed that I regard 
Mr. Darwin’s argument as perfectly sound where it treats 
of the divergence of sfeczes from one another—ze. of the 
rise of genera, families, &c.; for then physiological barriers 
are present to prevent intercrossing. But in applying 
the argument to explain the divergence of znazviduals 
into varieties it seems to me that here, more than any- 
where else, he has lost sight of the formidable difficulty in 
question. For in this particular case so formidable does 
the difficulty seem to me, that I cannot believe natural 
selection alone could produce any divergence of character 
so long as all the individuals on an overcrowded area 
occupy that area together. Yet if any of them quit that 
area, and so escape from the unifying influence of free 
intercrossing, these individuals also escape from the con- 
ditions which Mr. Darwin names as those that are needed 
by natural selection in order to produce divergence. 
Therefore it appears to me that, under the circumstances 
supposed, natural selection alone could not produce 
divergence ; the most it could do would be to change the 
whole specific type in some one direction (the needful 
variations in that one direction being caused by some 
general change of food, climate, habit, &c., affecting a 
number of individuals simultaneously), and thus induce 
transmutation of species in a linear series—each succeed- 
ing member of which might supplant its parent form. 
But, in order to secure diversity. multiplication, or rami- 
fication of species, it appears to me obvious that the 
primary condition required is that of preventing inter- 
crossing with parent forms at the origin of each branch— 
whether the prevention be from the first absolute, or only 
partial. And, after all that has been previously said, it is 
needless again to show that the principles of physiological 
selection are at once the only principles which are here 
likely to be efficient, and the principles which are fully 
capable of doing all that is required. For species, as they 
now stand, unquestionably prove the fact of ramification ; 
and it appears to me no less unquestionable that ramifi- 

* “ Origin of Species,” p. 87. 

cation, as often as it has occurred, can only have been 
permitted to occur by the absence of intercrossing with 
parent forms. But apart from geographical barriers 
(which, according to Mr. Darwin’s argument, would be 
inimical to the divergence of character by natural selec- 
tion), the ramification can only take place as a conse- 
quence of physiological selection, or as a consequence of 
some change in the reproductive system which prevents 
intercrossing with unchanged (or differently changed) 
compatriots. But when once this condition is supplied by 
physiological selection, I have no doubt that divergence 
of character may then be promoted by natural selection, 
in the way that is explained by Mr. Darwin. 
From which it will be seen that the theory of physiological 

selection has this advantage over the theory of natural selec- 
tion in the way of explaining what Mr. Darwin calls diversi- 
fication of character, or what I have called the ramification 
of species. This diversification or ramification has refer- 
ence chiefly to the secondary specific distinctions, which, 
as we have seen, the theory of naturai selection supposes 
to be the first changes that occur, and, by their occur- 
rence, to induce the primary distinction of sterility. My 
theory, on the other hand, inverts this order, and supposes 
the primary distinction to be likewise (in most cases) the 
primordial distinction. Now, the advantages thus gained 
are twofold. In the first place, as just shown, we are able 
to release the principle of natural selection from what 
appears to me the otherwise hopeless difficulty of effect- 
ing diversification of character on an overcrowded area 
with nothing to prevent free intercrossing. And, in the 
next place, as we can now see, we are able to find an 
additional reason for the diversification of character, over 
and above the one that is relied upon by Mr. Darwin. 
For, by regarding the primary distinction of sterility as 
likewise the primordial distinction, we are able to apply 
to an incipient variety, inhabiting even an overcrowded 
area, the same principles which are known to lead to 
diversification by geographical barriers or by migration, 
as ‘previously explained. In other words, if once we 
regard the primary distinction of sterility as also the 
initial distinction, instead of the incidental result of 
secondary distinctions, Mr. Darwin’s argument touching 
the causes of diversification is not merely saved : it is 
notably extended by the addition of an independent prin- 
ciple, which, as we know from other evidence, is a principle 
of high importance in this respect. 
Argument from Geographical Distribution.—The body 

of evidence under this head is too large to be given in 
an abstract; but the following are some of the chief 
points. 

Mr. Darwin too’ a great deal of trouble to collect 
evidence on the two following facts, namely, (1) that 
“species of the larger genera in each country vary more 
frequently than the species of smaller genera” ; and (2) 
that “many of the species included within the larger 
genera resemble varieties in being very closely, but un- 
equally, related to each other.” By larger genera he 
means genera containing many species, and he accounts 
for these gereral facts by the principle “that where many 
species of a genus have been formed, on an average many 
are still forming.” But how forming? If we say by 
natural selection alone, we should expect to find the 
multitudinous species differing from one another in 
respect of features presenting utilitarian significance ; 
yet this is precisely what we do not find. For Mr. Dar- 
win’s argument here consists in showing that “in large 
genera the amount of difference between the species is 
often exceedingly small, so that in this respect the species 
of the larger genera resemble varieties more than do the 
species of the smaller genera.” Therefore the argument, 
while undoubtedly a very forcible one in favour of the 
fact of evolution, appears to me scarcely consistent with 
the theory of zatwral selection. On the other hand, the 
argument tells strongly (though unconsciously) in favour 
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of physiological selection. For, the larger a genus, or 
the greater number of species it contains, the greater 
must be the opportunity afforded for the occurrence of 
that particular kind of variation on which the principle of 
physiological selection depends. All the species of a 
genus may be regarded as so many varieties which have 
already been separated from one another physiologically: 
therefore each of them may now constitute a new starting- 
point for a further and similar separation—particularly as, 
in virtue of their previous segregation, many of them are 
now exposed to different conditions of life. Thus, it 
seems to me, we can well understand why it is that genera 
already rich in species tend to grow still richer ; while 
such is not the case in so great a degree with genera that 
are poor in species. Moreover, we can well understand 
that, multiplication of species being in the first instance 
determined by changes in the reproductive system alone, 
wherever a large number of new species are being turned 
out, the secondary differences between them should be 
“often exceedingly small”—a general correlation which, 
so far as I can see, we are not able to understand on the 
theory of natural selection. 

Another general fact mentioned by Darwin, and now 
well recognised by all naturalists, is that closely allied 
species, or species differing from one another in trivial 
details, usually occupy contiguous areas ; or, conversely 
stated, that contiguity of geographical position is favour- 
able to the appearance of species closely allied to one 
another. Of course this fact speaks in favour of evolu- 
tion ; but where the question is as to method, I confess 
that the theory of natural selection appears to me wholly 
irrelevant. For,in most of the numberless cases to which 
I allude, the points of minute detail wherein the allied 
species differ in respect of secondary distinctions, are 
points which present no utilitarian significance. And, 
as previously argued, it is impossible to believe that 
there can be any general or constant correlation between 
disguised utility and insignificance of secondary dis- 
tinction. 
Now the large body of facts to which I here allude, 

but which I have not space to detail, appears to me to 
constitute perhaps the strongest of all my arguments in 
favour of physiological selection, Take, for instance, a 
large continental area, and follow across it a chain of 
species, each link of which differs from those on either 
side of it by the most minute and trivial distinctions of a 
secondary kind ; but all the links of which differ from one 
another in respect of their reproductive systems, so that 
no one member of the series is perfectly fertile with any 
other member. Can it be supposed that in every case 
this constant primary distinction has been superinduced 
by the trivial secondary distinctions, distributed as they 
are over different parts of all these kindred organisms, 
and yet nowhere presenting any but the most trifling 
amount of morphological change? Or, even if we were 
to suppose this, we have still to meet the question, How 
were all these trifling changes produced in the face of 
free intercrossing on the continental area? Certainly not 
by natural selection, seeing that they are all useless to the 
species presenting them. Let it then be by changes in 
the conditions of life, whether of food, of ciimate, or of 
anything else. I can conceive of no other alternative. 
Yet, if we accept this alternative, we are but espousing— 
in-a disguised and roundabout way, to be sure—the theory 
of physiological selection. For we are thus but hypothetic- 
ally assigning the causes which have induced the primary 
distinction in each case, or the causes which have led to 
the mutual sterility. For my own part, I believe that the 
assignation would be, in the great majority of such cases, 
incorrect. That is to say, 1 do not believe that in the 
great majority of such cases the trivial secondary distinc- 
tions—however these were caused—can have had any- 
thing to do with the great primary distinction. What I 
believe is that all the closely-allied species inhabiting our 
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supposed continent, and differing from one another in so 
many points of minute detail, are but so many records of 
one particular kind of variation having taken place in the 
reproductive systems of their ancestors, and which, so 
often as it did take place, necessarily gave birth to a new 
species. The primary distinction thus became the con- 
stant distinction, simply because it was in virtue of this 
distinction—or in virtue of the variation which first 
originated this distinction—that the species became 
species; and the secondary distinctions thus became 
multitudinous, minute, and unmeaning, simply because 
they were of later origin, the result of spontaneous varia- 
bility, unchecked by intercrossing with the parent forms, 
and, on account of their trivial (¢.e. physiologically harm- 
less) nature, unchecked also by natural selection, economy 
of growth, or any other principle which might have pre- 
vented spontaneous variability of any other kind. 

There are many other general facts relating to geogra- 
phical distribution which lend the strongest countenance 
to the theory of physiological selection—in particular I 
may mention the difficulty which Mr. Darwin experiences 
in accounting for the absence or rarity of transitional 
varieties between species inhabiting contiguous areas (/oc. 
ctt., p. 134), which is just what might have been expected 
on my theory—but it is time that this abstract should 
draw to a close. 

Relations between the Theories of Natural Selection and 
Physiological Selection.—The two theories resemble one 
another in the kind of evidence by which they are each 
supported. For in neither case is this evidence that of 
direct observation of the transmutation of species under 
the influence of the agency supposed: the evidence in 
each case consists in first proving the facts on which the 
principle depends, and then showing that the phenomena 
of organic nature are such as they ought to be if the 
principle in question has had any large share in their 
production. But the two theories differ in that while 
natural selection is a theory of the origin of genera, fami- 
lies, orders, and classes even more than it is of the origin 
of species ; the theory of physiological selection is almost 
exclusively a theory of the origin of species. Again, the 
latter theory differs from the former in that the variations 
on the occurrence of which it depends are variations of 
a comparatively unuseful, or non-adaptive, kind. Never- 
theless, physiological selection must be quite as vigilant 
as natural selection, and it seizes upon the comparatively 
unuseful variation of sterility with even more certainty than 
natural selection canseize uponanyusefulvariation. Lastly, 
as will have been gathered from the foregoing abstract, the 
two theories are in no way opposed to one another: they 
are, in fact, complementary, and the principles with which 
they have to deal co-operative. For, on the one hand, 
without the assistance of physiological selection, natural 
selection would, I believe, be all but overcome by the 
adverse influences of free intercrossing—influences all 
the more potent under the very conditions which are 
required for the multiplication of species by divergence of 
character. On the other hand, without natural selection, 
physiological selection would be powerless to create any 
differences of specific type other than those of mutual 
sterility and trivial details of structure, form, or colour— 
differences wholly without meaning from a_ utilitarian 
point of view. But in their combination these two 
principles appear to me able to accomplish what neither 
can accomplish alone—namely, a full and satisfactory 
explanation of the origin of species. 

Concluston.—It has not been possible to do justice to 
the theory of physiological selection within the limits of this 
abstract. _But perhaps enough has been said to show 
that there is a great deal of evidence in its support ; that 
by regarding mutually sterile species as records of varia- 
tion in reproductive systems, we are at work, so to speak, 
on the foundation of the matter ; and that we are thus 
able to explain a number of general facts which do not 

ee 
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admit of being explained by any previous theory. It only 
remains to add that, if true, the present theory ought to 

- admitof experimental verification. Let well-marked natural 
varieties of plants growing on the same area be system- 
atically tested with regard to their relative deg7ees of 
fertility, first within themselves, and next towards one 
another: let these experiments be made in successive 
years over a number of natural varieties, by carefully- 
conducted artificial fertilisation, and by counting the 
seeds and tabulating the results. In this. way experi- 
mental evidence would probably be obtained of degrees 
of sterility between even slight though constant varieties 
growing on the same areas; and, if so, such evidence 
would serve as further proof of the present theory. But 
experiments of this kind, in order to be satisfactory, 
ought to be conducted by a number of observers in 
different geographical areas ; and my object in publishing 
so lengthy an abstract of my views in this periodical is 
that of inducing naturalists in other parts of the world to 
co-operate with me in carrying out this research. The 
paper itself, which furnishes fuller particulars as to the 
way in which such experiments should be carried out, is 
published in a separate form by the Linnean Society. 

THE WOODEND COLLIERY EXPLOSION 

OUI sexcuse S'accuse will occur to the minds of many 
— who have followed the details of the disastrous 
explosion which took place at Woodend or Bedford 
Colliery on Friday last. We read in the 7Zzmes of the 
16th inst.:—‘ The Four-foot or Crombonke Mine is a 
very dusty one, and it is considered that at the Woodend 
pit the dust has increased the extent of the damage.” 
“But to water the mine, as suggested by the Commission, 
would here be a very difficult operation, because the floor 
of the mine consists of a species of fire-clay which, as it 
absorbs the water, causes a lifting of the ground, and so 
prevents mining operations being conducted.” Inasmuch, 
however, as the floor of perhaps ninety-nine out of every 
hundred mines consists of the same kind of material, the 
same argument against watering would hold equally good 
in most cases, and, if it is allowed to pass, this recom- 
mendation of the Commissioners is likely to come to 
nothing. It has been pointed out more than once in 
NaTurRE that the amount of water required to lay the 
dust is very small—far less than would be necessary to 
materially affect the floor of a mine in the manner sug- 
gested, and it would perhaps be wiser to try the effect in 
the first place and judge by results rather than to meet the 
proposition with a simple 707 fossumus. We speak thus 
plainly here, because many of the witnesses who gave evi- 
dence before the Commissioners brought forward the very 
same argument with the same degree of plausibility,and we 
have reason to believe without having put the matter to a 
practical test. Many of those who now water regularly, 
for the express purpose of laying the dust on floors con- 
sisting of fire-clay, admit that the water produces no 
appreciable difference when properly and carefully distri- 
buted. 

The bursting of the gauze of a safety-lamp, described 
by one of the survivors, is so contrary to all reason and 
experience that it cannot be accepted as an explanation 
of the origin of the explosion. Hundreds, if not thousands, 
of safety lamps are placed in explosive gas every day 
when the mines are being tested for the presence of fire- 
damp, and yet no parallel case has ever been recorded. 
Under these circumstances we prefer to attribute it to 
some other still unknown cause. We have yet to learn 
whether shots were fired in the mine, and if so we have 
probably not far to look for the explanation. 
Up to the present all we know with certainty is that 

the mine produced very little gas, that it was dry and 
dusty, and that the explosion was violent but not univer- 
sal. It would be most interesting, as well as instructive, 

i 

to ascertain whether any natural local dampness curtailed 
its extent ; but as this is a feature that has not hitherto 
attracted or received much attention, we are not sanguine 
that it will be carefully inquired into in the present case. 
We shall, however, watch the future course of the inquiry, 
and perhaps again comment upon it for the benefit of our 
readers. W. G. 

ON THE DIFFERENTIAL EQUATION TO A 
CURVE OF ANY ORDER 

O Mr. Samuel Roberts (see Reprint of Educational 
Times, vol. x. p. 47) is due the credit of having 

been the first to show that a direct method of elimination 
properly conducted leads to the differential equation for 
a cubic curve: but he has not attempted to obtain the 
general formula fora curve of any order. By aid of a 
very simple idea explained in a paper intended to appear 
in the Comptes rendus of the Institute, I find without 
calculation the general form of this equation. The 
eft-hand member of it may be conveniently termed 
the differential c7ztevzon to the curve. One single matrix 
will then serve to express the criteria for all curves 
whose order does not exceed any prescribed number. 
For instance, suppose we wish to have the criteria for the 
orders I, 2, 3, 4:— 

Let 7 4 be used in general to denote the coefficient of 

jm in (1 ye 2 ye + yt. .) : 
1.2 L237 easy 

Write down the matrix— 

Bat 3° Bi 2) 42h Gge2 gasp oul) | Su zioy Sime ou 
Ber. al, 42 ene se2) Seam Gun (OS2PaOraummcea 
A 5 oh 52, O"Nl ) O22. Gea ee ayes act 
ier. G6: 6.2) 70 72a CS OLS OL. 
Og Rie Pa Ey Ie SE GP. GP YOR 
7 SE RS GRO POT, NG) OP} sO 
Sep Ost Oh2) SHOT TO;2) se TOs Ua Teme Lomeli mei 
Out. 10st) |LOt2e bat alee oie ast coo Ros meet 
Wer poeie piece gee pe Vibe eit Welty seal) heh 
Migr tr2°1 | 12:2 13" Es; 2ye lg: sme4 cme lALoeO rd omg, 

The determinant of the entire matrix, which is of the 
tenth order, is the criterion for a quartic curve. The 
determinant of the minor of the sixth order, comprised 
within the first six lines and columns is the criterion for 
acubic. The determinant of the third order, comprised 
within the first three lines and columns (subject to a 
remark about to be made) will furnish the criterion for a 
conic, and the apex of the matrix is the criterion for 
the straight line. By adding on five more lines and 
columns, according to an obvious law, the matrix may be 
extended so as to give the criterion for a quintic; then 
six more lines and columns a sextic, and so on as far 
as may be required. 

The remark to be made concerning the determinant of 
the third order referred to is that it contains the irrelevant 

" 
Bn oh ore 2 

factor 2°I, ¢.c. —,so that the criterion for a conic (Monge’s) 
2 

is this determinant divested of such factor. It is certazw 
that the next determinant is indecomposable, and is 
therefore the criterion for a cubic. There is no reason 
that I know of to suppose that any other determinant 
except that one which corresponds to the conic, is decom- 
posable into factors. If this is made out, then, observing 
that the single term which is the criterion for the right 
line is indecomposable, we have another example of what 
may be called, in Babbage’s words, a miraculous excep- 
tion to a general law. 

A well-known similar case of such miraculous excep- 
tion I had occasion many years ago to notice in connec- 
tion with the criteria for determining the number of 
real and imaginary roots in an algebraical equation. 
Such criteria may, with one single exception, be expressed 
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The case of exception is the 

biquadratic equation, for which it is impossible to 

assign an invariantive criterion that shall serve to dis- 

tinguish between the case of all the roots being real and 

all imaginary. ab 

It is proper to notice that it follows, from the definition 

of the symbol 7z.p, that its value is zero whenever 72 1S 

less than 2. Thus, inthe matrix written out above, the 

symbols 3'2, 4°3, 5°3, 5°4; 64, 74 may be replaced by zeros. 

The above general result for a curve of any order is 

actually obtained by a far less expenditure of thought 

and labour than was employed by Monge, Halphen, and 

others to obtain it for the trifling case of a conic. I touch 

a secret spring, and the doors of the cabinet fly wide 

open. J. J. SYLVESTER 

New College, Oxford, August 6 

by means of invariants. 

CAPILLARY ATTRACTION * 

III. 

N these other diagrams, however (Figs. 13 to 28), we 

have certain portions of the curves taken to represent 

real capillary surfaces shown in section. In Fig. 13a solid 

sphere is shown in four different positions in contact with 

a mercury surface; and again, in Fig. 14 we havea section 

of the form assumed by mercury resting in a circular V- 

groove. Figs. 15 to 28 show water-surfaces under different 

conditions as to capillarity ; the scale of the drawings 

for each set of figures is shown by a line the length of 

Fic. 13.—Mercury in contact with solid spheres (say of glass). 

which represents. one centimetre ; the dotted horizontal 
lines. indicate the positions. of the free water-level. The 
drawings are sufficiently explicit to require no further 
reference here save the remark that wafer is represented 
by the lighter shading, and so//d by the darker. 
We have been thinking of our pieces of rigidified 

water as becoming suddenly liquified, and conceiving 
them inclosed within ideal contractile films; I have here 
an arrangement by which I can exhibit on an enlarged 

Fic. 14.—Sectional view of circular y-groove containing m2rcury. 

scale a pendant drop, inclosed not in an ¢dead film, but in 
a veal film of thin sheet india-rubber. The apparatus 
which you see here suspended from the roof isa stout 
metal ring of 60. centimetres. diameter, with its aperture 
closed by a sheet of india-rubber tied to it all round, 
stretched uniformly in all directions, and as tightly as 

_1 Adopting the convention for degree and weight of a differential coeffi- 
cient usual in the theory of, reciprocants the deg : weight of the differential 
criterion of the 7th order will be easily found to be— 

2 WT. IDb2 HTM. M+ YD, TD 2 

6 ; Ser Sle weal 
except that for # =2 itis.3:.3 instead of 4:3. 

* Lecture delivered at the Royal Institution. 
the Author. Continued from p. 294. 

Revised and extended by 
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could be done without special apparatus for stretching it 
and binding it to the ring when stretched. 

I now pour in water, and we find the flexible bottom 
assuming very much the same shape as the drop which 
you saw hanging from my finger after it had been dipped 
into and removed from the vessel of water (see Fig. 16). 

Fics. t5-21.—Water in glass tubes, the internal diameter of which may be 
found from Fig. 22, which represents a length of one centumetre, 

I continue to pour in more water, and the form 
changes gradually and slowly, preserving meanwhile the 
general form of a drop such as is shown in Fig. 15, 
until, when a certain quantity of water has been 
poured in, a sudden change takes place. The sud- 

Fic. 23.—Water resting in the space between a solid cylinder and a con- 
centr.c hollow cylinder. 

den change corresponds to the breaking away of a 
real drop of water from, for example, the mouth of a 
tea-urn, when the stopcock is so nearly closed that a 
very slow dropping takes place. The drop in the india- 
rubber bag, however, does not fall away, because the 
tension of the india-rubber increases enormously when 

yee ue ES ee eel ee we rer er eee ee 
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the india-rubber is stretched. The tension of the real 
film at the surface of a drop of water remains constant, 
however much the surface is stretched, and therefore the 
drop breaks away instantly when enough of water has 
been supplied from above to feed the drop to the greatest 
volume that can hang from the particular size of tube 
which is used. 

I now put this siphon into action, gradually drawing off 
some of the water, and we find the drop gradually diminishes 
until a sudden change again occurs and it assumes the 
form we observed (Fig. 16) when J first poured in the water. 
I instantly stop the action of the siphon, and we now find 
that the great drop has two possible forms of stable equi- 
librium, with an unstable form intermediate between them. 

Fic. 24 —Water resting in two co-ax1l cylinders ; scale is represented by Fig. 23. 4 8 P y fig 

Here is an experimental proof of this statement. With | have it again performing small vibrations about this 

the drop in its higher stable form I cause it to vibrate so as 
alternately to decrease and increase the axial length, and 
you see that when the vibrations are such as to cause the 
increase of length to reach a certain limit there is a 
sudden change to the lower stable form, and we may 

Fic. 25. 

now leave the mass performing small vibrations about | 
that lower form. I now increase these small vibrations, 
and we see that, whenever, in one of the upward (increas- 
ing) vibrations, the contraction of axial length reaches the 
limit already referred to, there is again a sudden change, 
which I promote by gently lifting with my hands, 
and the mass assumes the higher stable form, and we | 

form. 
The two positions of stable equilibrium, and the one of 

unstable intermediate between them, is a curious pecu- 
liarity of the hydrostatic problem presented by the 
water supported by india-rubber in the manner of the 
experiment. 

I have here a simple arrangement of apparatus (Figs. 
29 and 30) by which, with proper optical aids, such as a 
cathetometer and a microscope, we can make the neces- 
sary measurements on real drops of water or other liquid, 
for the purpose of determining the values of the capillary 
constants. For stability the drop hanging from the open 
tube should be just less than a hemisphere, but for con- 
snience it is shown, as in the enlarged drawing of the 

nozzle (Fig. 30), exactly hemispherical. By means of the 
‘Siphon the difference of levels, #, between the free level 
surface of the water in the vessel to which the nozzle is 
attached, and the lowest point in the drop hanging from 
the nozzle, may be varied, and corresponding measure- 
ments taken of 2 and of 7, the radius of curvature of the 
drop at its lowest point. This measurement of the curva- 
ture of the drop is easily made with somewhat close 
accuracy, by known microscopic methods. The surface- 
tension T of the liquid is calculated from the radius, 7, 
and the observed difference of levels, 2, as follows :— 

Fic. 26. 

Fics. 25 and 26.—Water resting in hollow cylinders (tubes); scale is represented by Fig. 28. 

for example, if the liquid taken be water, with a free- 
surface tension of 75 milligrammes per centimetre, and 
y = ‘05 cm., / is equal to 3 centimetres. 

Many experiments may be devised to illustrate the 
effect of surface-tension when two liquids, of which the 
surface-tensions are widely different, are brought into 

contact with each other. Thus we may place on the 
surface of a thin layer of water, wetting uniformly the 
surface of a glass plate or tray, a drop of alcohol or ether, 
and so cause the surface-tension of the liquid layer to 
become smaller in the region covered by the alcohol or 
ether. On the other hand, from a surface-layer of alco- 
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hol largely diluted with water we may arrange to with- 
draw part of the alcohol at one particular place by 
promoting its rapid evaporation, and thereby increase 
the surface-tension of the liquid layer in that region by 
diminishing the percentage of alcohol which it contains. 

In this shallow tray, the bottom of which is of ground 
glass resting on white paper, so as to make the pheno- 
mena to be exhibited more easily visible, there is a 
thin layer of water coloured deep blue with aniline ; 
now, when I place on the water-surface a small quan- 
tity of alcohol from this fine pipette, observe the effect 
of bringing the alcohol-surface, with a surface-tension 
of only 25°5 dynes per lineal centimetre, into contact 
with the water-surface, which has a tension of 75 dynes 
per lineal centimetre. See how the water pulls back, 
as it were, all round the alcohol, forming a circular ridge 
surrounding a hollow, or small crater, which gradually 

Fic. 27.—Section of the air-bubble in a level tube filled with water, and bent 
so that its axis is part of a circle of large radius; scale is represented in 
Fig. <8. 

widens and deepens until the glass plate is actually laid 
bare in the centre, and the liquid is heaped up in a 
circular ridge around it. Similarly, when I paint with a 
brush a streak of alcohol across the tray, we find the 
water drawing back on each side from the portion 
of the tray touched with the brush. Now, when I incline 
the glass tray, it is most interesting to observe how the 
coloured water with its slight admixture of alcohol flows 
down the incline—first in isolated drops, afterwards 
joining together into narrow continuous streams. 

These and other well-known phenomena, including that 
interesting one, “tears of strong wine,” were described 
and explained in a paper “On Certain Curious Motions 
Observable on the Surfaces of Wine and other Alcoholic 
Liquors,” by my brother, Prof. James Thomson, read 
before Section A of the British Association at the Glagow 
meeting of 1855. 

I i} 

Fic. 28.—Represents a length of one centimetre for Figs. 24 to 27. 

I find that a solution containing about 25 per cent. of 
alcohol shows the “ tears” readily and well, but that they 
cannot at all be produced if the percentage of alcohol 
is considerably smaller or considerably greater than 25. 
In two of those bottles the coloured solution contains 
respectively I per cent. and 90 per cent. of alcohol, and 
in them you see it is impossible to produce the “tears” ; 
but when I take this third bottle, in which the coloured 
liquid contains 25 per cent. of alcohol, and operate 
upon it, you see—there—the “tears” begin to form 
at once. I first incline and rotate the bottle so as 
to wet its inner surface with the liquid, and then, 
leaving it quite still, I remove the stopper, and with- 
draw by means of this paper tube the mixture of air and 
alcoholic vapour from the bottle and allow fresh air to 
take itsplace. In this way I promote the evaporation of 

NATURE [August 19, 1886 

alcoho] from all liquid surfaces within the bottle, and 
where the liquid is in the form of a thin film it very 
speedily loses a great part of its alcohol. Hence the 
surface-tension of the thin film of liquid on the interior 
wall of the bottle comes to have a greater and greater 
value than the surface-tension of the mass of liquid in the 
bottom, and where these two liquid surfaces, having 
different surface-tensions, come together we have the 
phenomena of “tears.” There, as 1 hasten the evapora- 
tion, you see the horizontal ring rising up the side of the 

bottle, and afterwards collecting into drops which slip 
down the side and give a fringe-like appearance to the 
space through which the rising ring has passed. 

These phenomena may also be observed by using, in- 
stead of alcohol, ether, which has a surface-tension equal 
to about three-fourths of that of alcohol. In using ether, 
however, this very curious effect may be seen.! I dip the 
brush into the ether, and hold it near to but not touching 
the water-surface. Now I see a hollow formed, which 
becomes more or less deep according as the brush is 

nearer to or farther from the normal water surface, and it 
follows the brush about as I move it so. 

Here is an experiment showing the effect of heat on 
surface-tension. Over a portion of this tin plate there is 
a thin layer of resin. I lay the tin plate on this hot 
copper cylinder, and we at once see the fluid resin draw- 
ing back from the portion of the tin plate directly over 
the end of the heated copper cylinder, and leaving a 

1 See Clerk-Maxwell’s article (p. 65) on ‘* Capillary Attraction”’ (“‘ Ency 
clepxdia Britannica,’’ oth edition). 
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circular space on the surface of the tin plate almost clear 
of resin, showing how very much the surface-tension of 
hot resin is less than that of cold resin. 

Note of Fanuary 30, 1836.—The equations (8) and (9) 
on p. 59 of Clerk-Maxwell’s article on “ Capillary Attrac- 
tion” in the ninth edition of the “ Encyclopedia Brit- 
tanica” do not contain terms depending on the mutual 
action between the two liquids, and the concluding ex- 
pression (10), and the Jast small print paragraph of the 
page are wholly vitiated by this omission. The paragraph 
immediately following equation (10) is as follows :— 

“Tf this quantity is positive, the surface of contact will 
tend to contract, and the liquids will remain distinct. If, 
however, it were negative, the displacement of the liquids 
which tends to enlarge the surface of contact would be 
aided by the molecular forces, so that the liquids, if not 
kept separate by gravity, would become thoroughly mixed. 
No instance, however, of a phenomenon of this kind has 
been discovered, for those liquids which mix of them- 
selves do so by the process of diffusion, which is a mole- 
cular motion, and not by the spontaneous puckering and 
replication of the boundary surface as would be the case if 
T were negative.” 

It seems to me that this view is not correct ; but that 
on the contrary there is this “puckering” as the very 
beginning of diffusion. What I have given in the lecture 
as reported in the text above seems to me the right view 
of the case as regards diffusion in relation to interfacial 
tension. 

It may also be remarked that Clerk-Maxwell, in the 
large print paragraph of p. 59, preceding equation (1), 
and in his application of the term potential energy to E in 
the small print, designated by evzergy what is in reality 
exhaustion of energy or negative energy; and the same 
inadvertence renders the small print paragraphon p. 60 
very obscure. The curious and interesting statement 
at the top of the second column of p. 63, regarding a 
drop of carbon disulphide in contact with a drop of 
water in a capillary tube would constitute a perpetual 
motion if it were true fora tube not first wetted with 
water through part of its bore—‘“. . . if a drop of water 
and a drop of bisulphide of carbon be placed in contact 
in a horizontal capillary tube, the bisulphide of carbon 
will chase the water along the tube.” 

Additional Note of Fune 5, 1886.—I have caretully tried 
the experiment referred to in the preceding sentence, and 
have not found the alleged motion. 

WILLIAM THOMSON 

OUR FOSSIL PSEUDO-ALGA& 

DM EE the last half-century many paleontologists 
have described anomalous objects, some of which 

have been regarded as fossil marine Algze, and others as 
tracks of various marine invertebrate animals ; and since 
the publication of Darwin’s theory of evolution various 
attempts have been made to utilise some of these in 
formulating a pedigree for the living types of vegetation. 
Amongst those who have tried to accomplish this object 
my distinguished friend the Marquis of Saporta, and his 
colleague, M. Marion, occupy the most prominent posi- 
tion. They have in several publications described and 
figured many objects which they believe to have been 
true marine Algze, and out of which they have constructed 
the lower roots of their genealogical tree. But meanwhile 
there has grown upan enlarging school of palzeontologists 
who look with strong suspicion upon these genealogies ; 
who refuse to recognise the vegetable character of these 
objects ; who believe most of them to be casts of various 
ridges and furrows, most of which have been tracks pro- 
duced by creeping invertebrate animals or by the still more 
mechanical agencies of wind and water. At the head of 
this school Prof. Nathorst, of Stockholm, stands pre- 
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eminent. An animated controversy sprang up some time 
ago between M. Nathorst and M. Saporta relative to this 
subject. Blast and counterblast have succeeded one 
another, and the latest discharge of palzo-botanica! 
artillery has just been fired off by M. Nathorst in the 
form of a memoir entitled “ Nouvelles Observations sur 
des Traces d’Animaux et autres Phénoménes d’Origine 
purement méchanique décrits comme ‘ Algues Fossiles.’ as 

Enjoying the privilege of an intimate and valued friend- 
Ship with both these distinguished paleontologists, I am 
anxious to do full justice to both. But I must admit that 
my judgment and experiences bring me into closer agree- 
ment with the northern naturalist than with his French 
antagonist. The interesting subject discussed by them 
has long occupied my attention, and my conclusions 
respecting it have not been hastily arrived at. 

The question in debate is not whether or not marine 
Algze existed in Palaeozoic and later geological epochs : 
on this point Nathorst and Saporta are agreed. The 
abundance of phytophagous marine mollusks found even 
in the Cambrian, as in most of the other fossiliferous 
strata, clearly demonstrates that there must have been 
submarine pastures upon which they could feed. The 
question is, are numerous objects, found in strata of 
marine origin, and believed by some to be fossilised 
marine Algz, really such? To this query Saporta answers 

7es ; Nathorst’s reply is an emphatic Wo. Hence the 
elaborate controversial literature of which these two 
savants are the authors. To condense their several 
articles into an abstract is not easy, but such an abstract 
of M. Nathorst’s latest publication may be attempted, 
illustrating the general features of the discussion. 

Throughout his memoir M. Nathorst rests prominently 
upon two general propositions which appear to me to be 
unanswerable. The first is that all or nearly all these 
debatable pseudo-Algze stand out in bold demi-relief 
from the z7feriorv surfaces of the rocky slabs to which they 
are attached, and that beyond their sculptured surfaces 
they as constantly consist of a mere extension of the rock 
of which they form a part. Hence Nathorst insists that 
they are merely convex casts of what were primarily 
concave grooves or channels on the surface of the sub- 
jacent stratum. 

In reply to this opinion M. Saporta publishes figures of 
casts of vegetable fragments in demi-relief, the positions 
of which on the inferior surfaces of slabs are identical 
with those of the pseudo-Algz under discussion. One 
of these is a fragment of what appears to be a twig of a 
Conifer, of which the lower side alone is preserved in 
demi-relief. Nathorst freely admits the possible existence 
of such specimens, but he regrets Saporta’s explanation 
of them. Jfrimzs, he affirms with inexorable logic, 
that such examples are so rare and exceptional that they 
only prove the opposite of the rule which they are alleged 
by Saporta to sustain. Whenever fragments like these 
are found embedded in the rocks, they almost invariably 
display traces of both their upper and lower surfaces ; 
whereas this is scarcely ever the case with the disputed 
Fucoids, and in the very few instances where such are 
supposed to have been met with, their entirely excep- 
tional character suggests a very different explanation of 
them from that proposed by M. Saporta. 

It is difficult to understand how a cylindrical object 
sufficiently dense to produce a deep concave impression 
upon hardening mud could do so without leaving some 
trace of its upper surface upon the opposite surface of the 
sand by which that mud became overlain. Saporta’s theory 
explaining why it does not do so is surely untenable. 
That theory supposes that an organism half embedded in 
mud and overlain by sand began to decay at its upper 
surface, which decay ultimately reached the lower surface 
which rested on the mud ; that, as the decay proceeded 
downwards, the superimposed sand would finally reach 

| the concave mould in the mud which it would fill, and 
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of which it wou'd permanently preserve the form. 
Nathorst replies that the decay would follow no such 
downward course ; that it would commence in the softest 
tissues, wherever they were ; and that in such objects as 
Bilobites and Cruziana, which Saporta believed to be 
cellular and fistular objects, whilst their outer surfaces 
were sufficiently hard and resisting to impress their sculp- 
turings upon the underlying mud, the decay would com- 
mence in their interior, with the result, in each instance, 
not of destroying all traces of the upper surface whilst 
the lower one was preserved, but that both surfaces of the 
flattened organism would be preserved, as is the case with 
the Carboniferous Sigillaria and Lepidodendra. Once 
thus flattened, the organism would no longer be capable 
of producing the deeply concave groove in the clay to 
which the specimens in bold demi-relief have been due; 

This part of the controversy furnishes Nathorst with 
another argument. However much compressed, em- 
bedded fragments of vegetable matter almost invariably 
retain some traces of their primitive carbonaceous con- 
stituents, however thin the film thus preserved may be. 
As in the case of many of the Monte Bolca Fucoids, this 
may be no more than a faint brownish stain on the sur- 
face of the stone ; whereas such stains, suggestive of the 
former permanent presence of organic matter, are almost 
invariably, if not wholly, absent from the pseudo-Fucoids. 

In his new memoir M. Nathorst then proceeds to ex- 
amine in detail the claims of several well-known genera 
to rank as members of the vegetable kingdom. I must 
refer such as are interested in the details of this contro- 
versy to the original memoir of the Swedish palontolo- 
gist. I would only observe that, whilst M. Nathorst 
denies the accuracy of some of M. Saporta’s statements 
as to the facts in certain instances, in others on which the 
two paleontologists are agreed he shows that the 
acknowledged facts are capable of such explanations 
as lead to conclusions diametrically opposed to those 
arrived at by M. Saporta. 

One of the most important features of M. Nathorst’s 
new memoir is seen in his illustrations. He has invented 
some simple instruments, by rolling which over some 
plastic materials he produces impressions, casts of which 
recall most strikingly the objects known by the generic 
titles of Cruziana and Harlania. 

Whatever ultimate decisions may be arrived at respect- 
ing these debated objects, I am compelled to arrive at a 
conclusion which I have already announced on more than 
one previous occasion. When it is possible for two 
observers so experienced as are M. Nathorst and M. 
Saporta to study the same objects and to arrive at such 
opposite determinations as to their organic or inorganic 
character, we must at least conclude that objects capable 
of receiving such contradictory explanations can have no 
value when we are considering the evolution of the 
vegetable kingdom. The evidences of the witnesses in 
such a controversy must be clear in their testimony and 
indisputable as to their antecedents. 

Manchester, August 11 W. C. WILLIAMSON 

NOTES 

A TELEGRAM from Grenada, August 16, states that the 

British observing party for the eclipse of the sun on the 29th 
inst. has arrived there, and has divided into two. Messrs. 

Lockyer, Turner, Perry, and Maunder are going to Green 
Island and Grenville Bay, on the east side of Grenada, and to 

Carriacou, asmallisland tothe north. Messrs. Darwin, Thorpe, 

Schuster, and Lawrence will take up their station at Prickly 
Point, Hog Island. 

THE seventeenth meeting of the German Anthropological 

Society was formally opened on the rith inst. at Stettin. The 
gathering is described as a very representative and distinguished 
one, 

THE Yorkshire Naturalists’ Union fungus foray will take 
place on Thursday, September 30. On the following day there 
will be an exhibition of the specimens in the Leeds Museum, 

kindly lent for the purpose ; and in the evening the usual dinner. 
Several distinguished mycologists have promised to be present, 
and no effort is being spared on the part of the officials to make 
it a success. 

Lorp DUFFERINis, it is stated, about to address a memoran- 

dum to the Provincial Governments of India regarding technical 

education, pointing out where the present system fails, suggest- 
ing remedies, advising the adoption of a more practical system, 
and inviting opinions from the Provincial Governments on the 

whole subject. 

WE have received the Smithsonian reports on the progress” 
of physics and mineralogy for the past year. ‘The former is 
by Prof. Barker, the latter by Prof. E. S. Dana. Physics is 

treated under the heads general, mechanics (with the sub- 
titles solids, liyuids, gases), acoustics, heat (sub-titles production 

of heat, expansion and change of state, conduction and radiation, 

specific heat), light (production and velocity, reflection and 

refraction, dispersion and colour, interference and polarisation), 

electricity (magnetism, electric generators, electrical units and 

m2asurements, electric spark and electric light), obituary, and 
bibliography. Mineralogy, similarly, is treated under the heads 

general, crystallography and physical mineralogy, chemical 
mineralogy, new mineral localities, new minerals, papers on 

mineral species, bibliography, and obituary. 

THE Smithsonian Report for the past year contains a most 

interesting paper on the ‘‘ Volcanic Eruptions and Earth- 
quakes in Iceland within Historic Times,” translated and 
condensed from the work of Th. Thoroddsen, by Mr. George 
Boehmer. The original work appears to be one of enormous 
research and thoroughness. Mr. Boehmer divides his subject 

into early accounts, position of the active volcanoes, of which 
there are eight groups, with a sketch of each, chronological list 

of volcanic eruptions and earthquakes in Iceland, and finally an 
extensive bibliography of the volcanoes, earthquakes, and 
geysers of Iceland. 

THREE severe shocks of earthquake occurred at Malta, the 
first at 8.30 p.m. on August 14, the second at 3.45 a.m. 

on August 15, and the third at noonday. Three fresh 

shocks were felt on the evening of the 17th, the first at 5.45, 

the second at 6.20, and the third at 7.45. They were not 

so violent as those experienced on Saturday and Sunday, and 
no damage is reported. 

Mr. H. B. Guppy is completing his work on the Solomon 

Islands and their natives, which will shortly be ready for the — 
press. The work will refer chiefly to the anthropology and 

geology of this region. It will also treat of the botany, natural 
history, meteorology, and general resources of these islands, and 

there will be appended an account of the original discovery of 

the group as related in the British Museum manuscript of 

Gallego’s ‘‘Journal.” The chief value of Mr. Guppy’s observa- 
tions will lie in the circumstance that his collections have been 

examined by the leading authorities on the subjects to which 

they relate. He hopes to illustrate the work from his own 

photographs, 

Wit reference to Mr. Verbeek’s investigations into the 
Krakatao eruption, which were noticed in NaTuRE, vol. xxxiil. 

p. 560, we have received a letter from Herr Retgers, Mining 

Engineer in Samarang, stating (as indeed Mr. Verbeek had 

already stated in his work) that the whole of the mineralogical 
nyestigations inte the composition of the volcanic ashes then 
thrown out were carried out by him. 
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THE Committee of the Liverpool Naturalists’ Field Club 

begin their report for the past year by observing that for twenty- 

five years past statistics have been exhausted and lectures also, 

so far as their usefulness is concerned. ‘* Your Committee, 

therefore, on this occasion, will spare you figures and forbear 

admonition, contenting themselves with a bare record of the 

year’s proceedings, and leaying members to draw their own con- 

clusions as to what has been and what might have been done.” 
With such a lugubrious commencement, one might expect that 
the affairs of the Club were in a “‘ parlous”’ state, but this is far 

from being the case. One complaint is that the attendance at 
the excursions was not satisfactory, and therefore either the 
number will have to be cut down, or the distances travelled be 

less. The average attendance was about 60,—which many 

similar societies would consider an uncommonly good one, 

especially when it is remembered that some of the journeys were 

rather long. The Treasurer has the handsome balance of 

nearly go/. in his hands; the President, the Rev. H. Higgins, 

delivered an excellent address on ‘‘ Calcareous Sea-Weeds: an 

Essay in Comparative Phytology;” the lists of interesting 

plants noticed on some of the excursions show that the members 

who did go kept their eyes open ; the competition for the prizes 

appears to have been pretty keen; and there is a tolerably long 

list of members,—so that, on the whole, notwithstanding the 

low spirits of the Committee, the case of the Society is far from 

hopeless. But we trust the members will attend in larger 

numbers when the Society next goes to the Cefn Caves, 

Caergwrle, or Humphry Head, notwithstanding the long 
distances. They will thereby not only add to their own en- 

joyment and instruction, but will bring relief to the minds of 

their depressed’ and anxious Committee. 

THE greatest balloon in the world has been lately constructed 
at San Francisco bya Mr, van Tassel. It will hold 150,000 
cubic feet of gas, and has been made for the purpose of traversing 
the American Continent from ocean to ocean. From the bottom 

of the car to the top of the inflated balloon will be 119 feet, and 

when filled the diameter will be 68 feet. The car is 21 feet in 

circumference and has sides 34 inches high; 15 persons can be 

seated in it. 

For several years attempts have been made in Sweden to 
extract tannic matter from the Swedish species of pine, similar 
in quality, &c., to that of the American hemlock (Pius cana- 
densis), but without satisfactory results, chiefly on account of 

the manner in which this is done not being known. Now, 

however, the question has been solved by a chemist, Dr. 

Laudin, who, having visited North America for this purpose, 
has, on his return to Sweden, succeeded in producing tannic 
matter by a chemical process, which has been found equal to 

the American, though the colour of the Swedish leather pro- 
duced therewith is more yellow in colour than the American. 

It is hoped that this discovery will have the effect of causing a 
great tanning industry to spring up in Sweden, 

THE additions to the Zoological Society’s Gardens during the 

past week include a Guinea Baboon (Cynocephalus sphinx), from 

West Africa, presented by Mr. C. Palgrave, F.Z.S.; an Alpine 
Marmot (4rctomys marmotta), two Tawny Owls (Syrinm aluco), 

European, presented by Mr. Lionel H. Hanbury, F.Z.S.; a 

Bank Vole (d7vicola pra’ensis), British, presented by Mr. G. T. 
Rope; two Derbian Screamers (Chauna derbiana) from the 
North Coast of Columbia, presented by Capt. H. Rigaud; a 
Peregrine Faleon (/ulco peregrinus), European, presented by 

Mr. J. Howard; a Golden-crowned Conure (Conurius aureus) 

from South-East Brazil, deposited ; three Long-fronted Gerbilles 

(Gerbillus longifrons), eight Elliot’s Pheasants (Phasianus elliofi), 
bred in the Gardens, 
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ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 AUGUST 22-28 

( OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 
At Greenwich on August 22 

Sun rises, 4h. 58m. ; souths, 12h. 2m. 42°2s.; sets, 19h. 7m. ; 
decl. on meridian, r1° 44’ N.: Sidereal Time at Sunset, 
17h. ttm. 

Moon (at Last Quarter) rises, 22h. 6m.*; souths, 5h. 21m. ; 
sets, 12h. 46m, ; decl. on meridian, 13° 18’ N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h. m. FS ee 3) 

Mercury, ..0. 4u 13) see Ringe 4. noe o5 mee Lom 
Nenus.. ... 2) 28° ss Torro) sss TSH LOW we TORMEENT 
Mars 1OvAy 2.4 15} 40y cn Z2ONS Se 2 iss 
ffapiten:; s:... 8 25 2 -Tqsl224 =. 20NLop =.) (i2yss 
Saturn .. WET cy. Op ieee Wezty eee)  AaESp ENE 

* Indicates that the rising is that of the preceding evening. 

O-cultations of Stars by the Moon (visible at Greenwich) 
Corresponding 

angles from ver- 
Aug. Star Mag. Disap Reap ges tg right for 

inverted image 
h. m h, m. ° o 

BR 45) Lautan ssn OMe UE eure mies we. 120° TSG 
Been, y VAULI. is, eep Ae oO Ree me 4S . 1X8 2T5 
22)... So Lauri... 6 4 I near approach 348 — 

Aug. h. 
225... 2 Jupiter at greatest distance from the Sun. 
Zier) TE Mercury stationary. 
Bien) 120 Venus in conjunction with and 3° 0’ north 

of the Moon. 

Variable Stars 

Star R.A. Decl. 
Ie ns ay h. m. 

UCephei ... ... 0 §272... 81 16. N.... Aug, 22,20 St7 
4) 27, 20 47 me 

NISOD 30. tn cre 93) O10 ven 4O lege mesa 227 20 Ve 
Wahauri nc tue 4 Abia cle eee mea NE 
WE NAlea MERE EL CEO ne 2 cY/ sb coo fa Ben ) CL 
WCorons ..6. san 5) 1SiOeese) VAIN aries ss 822 eum ee 

»> 28, 2 46 m 
Wiiferculis\.... -- XOM20;G\e-. TOMMOPN ince nso 245 M 
R Draconis... ... 16 3274..,67 3 Ni-c. 55, 255 M 
WiOphinchi.... ... 07 ror8... ¥ ZoUN. .) 3 225925) 50) 7 

and at intervals of 20 

B Lyre... 18 45°9 ... 33 14.N. ... Ang. 24, 2 oF 

R Lyre Pp Aue) oss 2G) CIN toa gp Zen M 
5 Cephei PED PIG) coo Cy AAOING cba po ey Be LL! 

M signifies maximum ; 7 minimum. 

Meteor Showers 

Meteors have been observed at this time of the year from 
near « Ceti, R.A. 53°, Decl. 0; near Castor, R.A. 110°, Decl. 
32° N.; near ¢ Draconis, R.A. 260°, Decl. 64° N. ; and from 
near o Draconis, R.A. 282°, Decl. 57° N. 

GEOGRAPHICAL NOTES 

We have before us Nos. 5, 6, 7, and & of Petermann’s 
Mittheilungen for the present year, and Supplement No. 82. 
The last is a detailed account, by the late Herr Robert 
Schlazintweit, of the Pacific railways of North America. No. 5 
contains a paper on the Xingu Expedition (concluded in No. 6), 
by Herr Claus, detailing the cartographical surveys and the 
physical and astronomical measurements madein the course of 
the explorations. The paper may be regarded as a supplement 
to the work of Dr. von den Steinen, ‘¢ Durch Zentralbrasilien,” 
lately published by Brockbaus. Dr. Oppel, in the same num- 
ber, contributes a statistical paper showing the steady and enor- 
mous increase in the population of Europe. No. 7 contains 
two very interesting and original geographical. papers—one by 
Herr Engelhard on the Island of Saleijer, a Dutch settlement in 
the Malay Archipelago, situated immediately south of Celebes, 
The island is described in an exhaustive way, its climate, people, 
situation, &c., being discussed in some detail. In the second 

, 
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Dr. Posewitz refers to recent formations in the Island of Banka, 
off the east coast of Sumatra. This is an instance of an island, 
undisturbed by volcanic activity, in which erosion and denuda- 
tion are constantly at work forming the coast. Herr Strass has 
a paper in the same number dealing with the statistics of 
emigration from Germany between 1871 and 1884. No. 8, 
which is the last published, contains a report by Herr Pohle on 
the expedition sent in 1884 to that part of the coast of South- 
Western Africa between the Orange River and Walfisch Bay, 
which came at that time into the possession of Herr Liideritz. 
The expedition was intended mainly to ascertain what useful 
minerals existed in the new territory, and also to study its fauna, 
flora, and soil. The report is one of considerable length, and 
deals with all these points. The paper on the forests of North 
America is based on Prof. Sargent’s report, contained in the 
ninth volume of the United States Census Report for 1884. 

THE Proceedings of the Royal Geographical Society for 
August contain several papers of interest. In ‘‘ Recent Portu- 
guese Explorations in the Zambezi Region” two journeys are 
described—one between the Zambezi and Pungué, the other 
between Tete on the Zambezi and Makanga. Mr. J. W. 
Wells, in a short paper, contributes some information on the 
delta of the Tocantins, in Brazil, and there is also a summary 
(the first, we believe, that has appeared in English) of the 
Von den Steinen exploration of the Xingu. The results of this 
expedition confirm the conclusion with regard to the geology of 
the interior of Brazil arrived at by the late Prof. Hartt, and by 
Mr. Wells, that south of the Amazon valley the whole interior 
of Brazil was at one time an immense plateau, and that the 
changes which it has undergone are due to water denudation. 
But the most important communication in this month’s Pyro- 
cecdtngs is the report of the measures adopted by the Council 
of the Society for the improvement of geographical educa- 
tion. These are of two classes, to be carried out with 
the co-operation or assistance of the two Universities and 
the Education Office respectively. Under the first head the 
Council offer to appoint and pay a lecturer or reader in geo- 
graphy to deliver courses of lectures at both Universities, 
arranged so as to suit students in the Honour Schools; or, in 
the alternative, to join with both Universities in appointing and 
paying a reader in geography. In addition, the Council offers 
to contribute the funds for an exhibition. In connection with 
the Education Office, the Council offers various prizes in money 
and books to pupil teachers. Further, a donation of 30/. for 
the present year is made in aid of the geographical lectures in 
the University extension courses ; copies of the Proceedings are 
to be sent to various public school libraries, and travellers and 
geographers are to be put in communication with the head 
masters of public schools. The proposal for a readership in 
geography at the Universities is obviously the most important 
of these, and the result of the communications now passing 
between the President and the Vice-Chancellors will be awaited 
with much interest. 

THE last number (Bd. xxix. No. 4) of the Afittheilungen of 
the Geographical Society of Vienna has for its first article a 
discussion, by Prof. Penck, of the proportion of the areas of 
land and water on the surface of the globe. The writer gives at 
the outset an interesting sketch of the history of the subject, 
and of the various theories which have prevailed from time to 
time on the subject, beginning with Columbus, who thought the 
proportion of land to water was as 6to 1. Starting from the 
generally accepted proportion of Wagner as that of I to 2°76, 
Prof. Penck advances various reasons for believing this to be 
unreliable, especially our ignorance of the regions around the 
North and South Poles. The blanks on our maps are still too 
numerous and important to permit of any reasonable approach 
to accuracy being made. Dr. Paulitschke writes on the hydro- 
graphy of the Upper Webi, one of the two hydrographic pro- 
blems of the Somali peninsula, the other being the Juba, which 
Capt. Cecchi calls complicata e mistertosa. The writer appears 
to throw much light on the first from his own explorations, He 
thinks we must seek the source of the Webi in one of the lakes 
of Gurage. Prof. Blumentritt criticises that part of Dr. Mon- 
tano’s recent work on the Philippines which deals with the 
ethnology of Mindanao. Accepting for his present purpose 
(though he refuses to do so as a general proposition) Montano’s 
division of the inhabitants into three main heads—Negritos, 
Indonesians, and Malays—he advances various reasons for hold- 
ing that that writer does not arrange the tribes of Mindanao 

accurately under these heads. 

regions. Indeed, for years past he has made every department 
of research connected with the Philippines his own, until now 
he is without a living rival. 

A REPORT has been received at the Hydrographic Depart- 
ment of the Admiralty from Commander Moore, of the survey- 
ing-vessel Raméler, relative to the existence of an island lying 
between L’Echiquier group and Durour Island, recently dis- 
covered by Mr. Allison, commanding the British steamer /e/ 
Lung, when on the passage from Sydney to Shanghai. This 
island is covered with trees, and appeared to be 2 or 3 miles 
long in a north-west and south-east direction, and 100 to 150 
feet in height. Both Durour Island and this were visible at 
the same time from the Fei Luzg when passing between them. 
The approximate position as reported is lat. 1° 25’ S., long. 
143° 26’ E. The Hydrographer to the Admiralty says that, 
unless the positions of the islands already on the chart are more 
inaccurate than they are believed to be, there is little doubt that 
the island now reported is a new discovery. 

THE August number of the Scottish Geographical Magazine 
contains a translation of Col. Fontana’s lecture on the Pata- 
gonian Andes to the Argentine Geographical Institute, describ- 
ing his recent journey from Chubut to the slopes of the Andes. 
The latter are mentioned with great enthusiasm: they teem with 
fertility, and Nature is as exuberant there as farther north in the 
Gran Chaco. Finally, the sub-Andean portions of Patagonia 
are described as the country of the future, being another added 
to the long list of countries of the future. 

IN tome x. fascicule 5, of the Budletin of the Geographical 
Society of Antwerp, M. van den Gheyn discusses the question 
whether there is unity, duality, or plurality of races in Australia, 
and comes to a conclusion in favour of unity. He thinks that 
the differences found amongst them are to be.explained by 
mixture with the Indonesians on the one side and the Polynesians 
on the other. 

THE French Minister of Public Instruction has intrusted M. 
Alfred Marche with a mission to the Marianne Islands to study 
the geography, natural history, anthropology, and ethnography 
of the Archipelago, 

THE AUGUST PERSEIDS 

THE shower of Perseids has been a fairly conspicuous one this 
year notwithstanding the somewhat unfavourable circum- 

stances attending the display. On the nights of August 9, 10, 
and 11 the nearly- full moon was visible during the greater part 
of the time available for observation, and robbed the phenomenon 
of its chief prominence during the evening hours. Those, how- 
ever, who continued to watch the heavens until after the moon 
set on the early morning of the 11th must have been rewarded 
by a tolerably rich exhibition of meteors. The number observ- 
able by one person fell little short of 100 per hour, and this rate 
compared with similar observations in past years proves the late 
display to have fully maintained its decided character. Numeri- 
cally this shower of Perseids cannot be placed in the same 
category as the brilliant meteoric storms of November 13, 1866, 
and November 27, 1872 and 1885, but it must be remembered 
that the August shower is one which returns anzzza/ly, and appa- 
rently without much variation in its leading features. Its frequent 
and regular appearances compensate for whatever it lacks in other 
respects, and it yields many fine meteors of the same type as the 
Leonids, flashing out with remarkable swiftness, and projecting 
lines of phosphorescence upon the background of the sky. 

The importance of watching every recurrence of the leading 
meteor showers is acknowledged on all hands, for if we would 
successfully trace out the modern history and developments of 
these wonderful systems we must first carefully secure the mate- 
rials to form the basis of such investigations. 

With reference to the shower of Perseids this year, the obser- 
vations were much interrupted by cloudy weather. Preparation 
had been made here to commence a look-out during the last 
week in July for avant-couriers of the stream, but the nights 
were persistently overcast, and it was not until August 2 that a 
good view was obtained. Clouds were, it is true, somewhat 
prevalent before midnight, but afterwards the firmament became 
very clear, and it remained uniformly serene until daybreak. 
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Watching the eastern sky between roh. and r4$h., I counted 
50 meteors, and of these 12 were Perseids displaying the normal 
features. The radiant-point was, at 33° + 55°, not very sharply 
defined. Some of the best observed paths were slightly dis- 
cordant, and gave the impression that the focus of divergence 
was diffused over an area of 3° or 4° diameter. 

The following night was cloudy, but August 4 came in very 
clear, and 58 meteors were seen between toh. and 14$h. 
Amongst these were 12 Perseids, and the radiant-point, more 
contracted and definite than on the 2nd, was now at 37° + 57°, 
having increased 4° in R.A. in the interim of 48 hours. The 
shower exhibited no increase in numbers between the 2nd and 
4th ; indeed, there appeared to have occurred a slight falling 
off on the latter date. But on the 4th I saw a duplicate shower 
of Perseids, the companion radiant being at 48° + 43°, between 
a and B Persei, and this position was accurately indicated from 
seven paths. 

A cloudy period supervened between the 4th and roth, but on 
the latter night the sky was very clear throughout, though the 
moon was up until 13h. 30m. etween toh. and r14$h. I ob- 
served 152 meteors, though the watch was not persistent during 
that interval. The number seen included 122 Perseids with a 
radiant at 44° + 573. At 13h. 6 meteors were noted within 
20 seconds, and after the moon had fallen below the horizon the 
shower developed into one of considerable activity. Between 
14h. and 14h, 15m. I counted 22 meteors, so that they were 
coming at the rate of about 90 per hour for one observer. Some 
of them were unusually bright. At 13h. 34m. a splendid 
Perseid appeared in the northern sky, pursuing a path of 13° 
from 77° + 67° to 111° + 67°. It lit up the whole heavens 
with a momentary flash, and left a luminous streak, near the | 
end of its path, that remained visible to the eye for nearly 
4 minutes. This was by far the most conspicuous meteor seen 
during the night, and it will probably have been recorded at 
many other places. 

On August 11 the sky was partly clear between ro$h. and 
11jh., and 22 meteors were noted, including 15 Perseids from 
47 + 57%. Thus the position of the radiant showed a still 
further displacement towards the east. The shower had de- 
clined greatly since the preceding night, and offered little 
attraction in the presence of the bright moonlight. 

The shifting radiant of the Perseids forms one of the most 
curious and important details of its display. I first mentioned 
this feature in NATURE, vol. xvi. p. 362, and have been much 
interested in reobserving it on many subsequent occasions. 
Comparing the four positions determined this year, and one 
obtained on August 13, 1885 (NATURE, vol. xxxii. p. 415), the 
character of the displacement is well shown, and corroborates 
the figures given in the JMJonthly Notices, December 1884, 
pp- 97-8: 
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On the whole the recent shower may be justly regarded as 
one fully answering to expectation. It has been quite equal, if 
indeed it has not surpassed, the Perseid displays as I observed 
them in 1869, 1871, 1874, 1876, 1877, 1878, and 1880. It is, 
however, somewhat difficult to institute perfectly fair compari- 
sons. The circumstances affecting two displays are rarelysif ever 
identical. In some years the shower escapes suitable observa- 
tion owing to cloudy weather just at the important time. In 
others moonlight nearly obliterates it. We must also consider 
that, as the main richness of the stream is limited to a short 
interval, it will occasionally elude us by occurring in daylight. 
These varying conditions and hindrances render it unsafe to draw 
conclusions as to the relative aspect of the annual displays unless 
the evidence is very complete and satisfactory. 

It is well known that an unusually large number of minor 
systems occur simultaneously with the August Perseids. The 
positions of many of these are now ascertained with considerable 
precision, The labours of Heis and Schmidt, ably supple- 
mented by Greg, Alex. Herschel, Zezioli, and others, have fur- 
nished a multitude of observations which are satisfactorily 
accordant as to many of the secondary showers of the epoch. 
The results obtained in the present year have been extremely pro-- 
ductive of tenuous radiants. I select five of these as affording 
instances of very definite showers :— - 
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Radiant No. of No. 1826 Pea Ss Features 

I... July 27-Aug. rr... 291+51 ... 14 ... Rather slow. 
z... July 31-Aug. 11 ... 350+51 ... If ... Rather swift. 
3... August 2-11... 48+43 ... 10 ... Swift, streaks. 
4 .,. August 2-4 ... 26+42 ... 6... Swift, streaks. 
5 -.. July 31-Aug. 2 20+58 ... 7 ... Swift, streaks. 

Nos. 1 and 2 I observed also in August 1885 (see NATURE, vol. 
xxxli. p. 415), when I derived their radiants at 292° + 52° and 
345 + 53° respectively. No. 3, between a and B Persei, I 
observed in July and August 1877, and again on July 23-25, 
1884 (Monthly Notices, December 1884, p. 107). No. 4, near 
y Andromede, has also been pre-observed here in August 1877 
and 1879; and No. 5 represents the Cassiopeiads, which have 
long been known as a pronounced companion shower to the 
Perseids. 

The position No. 2 at 350° + 51° lies between Cassiopeia and 
Lacerta. It was the most prominent of all the minor streams of 
the August epoch in 1885, and in 1877 I had observed it well 
loth in July and August. It has also been noticed by many 
others in recent years. Taking an average of fifteen different 
observations the radiant comes out at 350°°2 + 52°"1. This par- 
ticular shower, by its increasing activity:during the past few years, 
appears to have supplanted Mr. Greg’s Lacertids at 335° + 52, 
which have evidently not maintained their former strength. It 
is probable also that during the period of Mr. Greg’s researches 
this August shower at about 350 + 52° was comparatively 
quiescent, for there is no reference to it in his catalogue of 1876. 
The same may also be said of the system of Cygnids at about 
29° + 51° (near @ Cygni). Possibly, however, the latter may 
have been formerly confused with the Draconids (= Greg, No. 
78). Inthe ‘‘ Annuaire pour l’an 1885, publié par le Bureau 
des Longitudes” I find that two of the chief showers accom- 
panying the Perseids on August 9-14 are stated as at 345° + 50° 
and 294° + 52°. My recent observations just described confirm 
this pair of showers in the most definite manner, and they will 
doubtless be similarly corroborated wherever systematic obser- 
vations of the Perseids are conducted. 

W. F. DENNING 

THE SWISS SOCIETY OF NATURAL’ 
SCLENGES 

HE annual meeting for this year of the Swiss Society of 
Natural Sciences opened at Geneva on the roth instant under 

the presidentship of Prof. Louis Soret. This precursor of all 
itinerant scientific societies was founded in 1815 in Geneva, and 
the present is its seventh meeting in the city of its birth. The 
members and visitors were received on the evening of the 9th 
in the sa/ovs of the celebrated Palais Eynard, which, after being 
long closed, were opened specially for the occasion. After the 
presidential address on the roth, a new committee for the forth- 
coming period of six years was appointed, with its seat at Berne, 
the next meeting was fixed to take place at Frauenfeld, in 
Thurgau, and Prof. Grubenmann was elected president. 

Prof. Soret in his address first referred to the advantages offered 
by Geneva to men who have taken science for their vocation, and 
then, under the title of ‘‘ Des impressions réitérées,” developed a 
series of new and original ideas on zestheticism analysed by the 
man of science. The repetition, he said, of the same design, 
whether in a symmetrical form, or in lined designs, such as we 
see in tapestry, furniture, or buildings, whether of the same 
dimensions, or of dimensions regularly decreasing, gives an 
agreeable impression. It is the same with regular curves, but 
the zesthetic sensation dwells less in the sensation itself than in 
the intuition which it gives us of alaw. This applies not only 
to form, but also to sound and to colours. Developing these ideas, 
M. Soret insisted on the part played constantly by repetitions and 
similitudes because they evoke by intuition the idea of a law. 

M. Marcel Deprez then read a paper on the transmission of 
force by means of electricity, in which he described his recent 
experiments between Creil and Paris and the results. M. 
Rilliet, of Geneva, read the report of a commission ap- 
pointed to investigate the depth to which light penetrates water. 
Dr. Heim, of Zurich, read a paper on the deformation of fossils 
in mountains. He described the modifications which rocks 
undergo in form eyen after induration. Under the enormous 
pressure of the rocks above they may become laminated without 
any visible solution of continuity in the mass, or any rupture. 
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The effect on the fossils which they contain is similar ; these are 
sometimes enlarged into the most grotesque forms, and hence 
Agassiz was misled in distributing the fossil fish of the older rocks 
into eighty distinct species, a considerable number of which were 
of the same species but deformed in various ways so as to appear 
different. 

Subsequently the members were present at the inauguration 
of a monument erected to the memory of Gosse, the founder of 
the Society. Much interest was attracted by the new geological 
map of the Republic exhibited in the hall. It has just been 
completed, and is the fruit of twenty-seven years of the labour 
of a number of geologists under the superintendence of M. 
Alphonse Favre, who has now the satisfaction of seeing the end 
of this great task, 

On the second day, in the Botanical Section, Prof. Miiller, of 
Geneva, spoke of his systematic researches into the lichens of the 
Graphide group, of which he is about to make a general revision ; 
Dr. Fischer, of Berne, described a new fungus (Hyfecrea) ; Dr. 
Nuesch, of Schaffhausen, read a paper on the origin of Bacteria ; 
and Prof. Schuetzler described a curious moss which grows at a 
depth of 200 feet in the sub-lacustrine moraine of Yvoire. It 
contains grains of chlorophyll perfectly formed, and is probably 
a variety of Zhamnium alopecurum. Prof. Magnus, of Berlin, 

recounted his observations on the fecundation amongst aquatic 
plants, and more especially species of the Mazas. M. Pittier 
spoke of the modifications being slowly made in the Vaudois 
flora, certain plants having disappeared wholly, while new ones 
have taken theirplaces. M. Casimir de Candolle described his 
investigations into the action’ of low temperatures in germination. 

In the Section of Zoology and Physiology Prof. Auguste Forel 
communicated a written memoir of the perception of violet by 
ants. He came to the conclusion that they perceived it with 
their eyes, and not through the skin. The so-called photoder- 
matic sense does not appear to exist in ants, or at least is of small 
importance compared with ocular vision. M. Goll read a paper 
recording his observations on the fauna of Lower Egypt, espe- 
cially of the fishes of Fayoum, There exists a well-marked dis- 
tinction between the fauna of the desert and that of the Nile, 
particularly in colour. 
development of the Scolex polymorphus, a kind of parasitic worm 
which he studied at the Naples Zoological Station. He thinks 
that Wagener’s classification of the Scolices is not a natural one. 
Prof. Blauce, of Lausanne, continues his studies of the fauna of 
the Lake of Geneva, and presented a memoir on anew Protozoa 
which he discovered in a.deep part of the lake, and which he 
names. Gromia brunn-vi. 

In the Geological Section Dr, Schmidt, of Freiburg in Brisgau, 
read a paper on the geological and mineralogical nature of the 
schists of the Grisons, which, it is now demonstrated, belong to the 
Jurassic. He spoke particularly of the mica which is one of 
their constituent elements. MM. de Fellenberg and Baltzer 
described the remains of great vegetable fossils found at Guttanen 
in the crystalline schists in the mass of Finsteraarhorn. M. 
Greppin exhibited a beautiful collection. of fossils, not yet deter- 
mined, of the oolite, found in the Jura in the neighbourhood of 
Basle. Prof. Renevier, of Lausanne, read a report on the ex- 
cursions made by the Swiss Geological Society in the Vaudoise 
higher Alps during the five days preceding the meeting. M. 
Schardt described the geological structure of the Dent du Midi. 
M. Steinmann gave an account of a journey extending over two 
years in the Cordilleras of South America, between Bolivia 
and Patagonia. He sketched rapidly the characteristics of 
this great chain. The fossil fauna and flora are almost identical 
with those of European formations. The Upper Trias, Rheetian, 
Lias, Jurassic, and Cretaceous are all represented. 

Of the pleasures as apart from the business of the meeting it 
is needless tospeak. The Genevese authorities and people gave 
the members a hearty reception, and the whole town was en él. 
Among the honorary members elected was Dr. J. H. Gladstone. 

THE BRITISH MEDICAL ASSOCIATION AT 

BRIGHTON 

“THE annual meeting of the British Medical Association is 
anticipated not only as an occasion for the association and 

communion of medical men of all classes, but as an opportunity 
for, so to speak, taking stock of the progress of medical science 
and practice during the past year. From the choice of a locality 

Dr. Zschokke gaye some details on the | 

near the metropolis, the meeting this year has been very suc- 
cessful, both as to the numbers attending it and the character of — 
the papers read. From the tone of many of the addresses, ; 
indeed, it is easily perceived how intimately chemistry, physio- 
logy, biology, and even physics are becoming. associated with 
medicine, and how, as a result of this, the special medical 
departments of pharmacology and therapeutics, pathology 
and hygiene, are being modified by scientific methods of | 
Investigation. 

Fhe subject chosen by the President, Dr. Withers Moore, for 
his address, viz. the higher education of women, was one which, 
though of interest to all classes of the community, did not lend 
much scope for the introduction of new matter. The chief 
argument on the medical aspect of the question brought forward. 
by Dr. Moore was the statement that the extra tax on woman’s 
intellectual faculties produced by this ‘‘ higher education” leads 
to bodily degeneration and to unfitness of the individual for a 
woman’s peculiar social duties. This is admittedly so with those 
who are subjected to over-pressure ; still, the questions as to how. 
far these bad effects are general among the class of women who 
are subjected to severe intellectual training, and how far these 
bad effects may be counteracted by judicious hygienic surround- 
ings, remain yet to be solved ; and the experiments in the higher 
education of women now being performed in America and Eng- 
land will no doubt yield results which will practically solye the 
question. 

The address in Medicine, which was given this year by Dr. 
J. S. Billings, of the United States Army, dealt chiefly with 
medical politics in America, which, like our own country, needs 
reform in reference to medical education. It is interesting to 
note, from the remarks of one so well qualified to judge as Dr. 
Billings, the great progress made in America in the establish- 
ment of laboratories devoted to scientific medical investiga- 
tion ; and it may be confidently expected that by this means 
important contributions will be added to the stores of medical 
science. : 

It is in the departments of pathology and pharmacology that 
the influence of scientific thought and method is most evident. 
As Dr. Dreschfeld pointed out in his address before the Section 
of Pathology, there is in the modern study of pathology a great 
deal more than was comprised twenty or thirty years ago; for, 
besides the marvellous advances of morbid anatomy due to the 
improvement in histological methods and knowledge, the stimu- 
lus of experimental physiology has initiated impor ant researches 
on various morbid processes. Indeed it is difficult to draw a_ 
hard-and-fast line between experimental physiology and patho- 
logy ; for, in many instances, the investigation of physiological 
function proceeds fav? passw with that of the loss or inhibition 
of that function. On the anatomical side pathology is seizing the” 
facts discovered by purely scientific investigators, and applying 
them with good results. Thus, as Dr. Dreschfeld points out, the 
application of the researches of Flemming, Heuser, Rabl, and 
others, on the composition of the nucleus, to the study of the 
cancer-cell, has shown that this is deficient in chromatin and 
embryonic in character, Again, the selective action of methylene- 
blue for certain nervous structures when injec.ed into the living 
body, as described by Ehrlich, indicates a new method of patho- 
logical research by which the condition of these structures under 
the toxic action of substances may be investigated. If, more- 
over, as Ehrlich thinks, this selective action is due to the con- 
ditions of alkalinity and oxidation in the structure, some light 
may be thrown by future research on the still very obscure reac- 
tions of the nucleus and cell, and, more particularly in pathology, 
on the chemical changes occurring in the nerves in chronic 
peripheral paralysis due to poisons, such. as alcohol and lead. 
Though a strong advocate of the study of experimental patho- 
logy, Dr. Dreschfeld insisted on the necessity of an investigator 
having a clear idea of the object and, as far as possible, of the 
methods of the research which he is undertaking. This point, 
which is of course the basis of all useful experimentation, is 
very important in experimental pathology, owing to the peculiar 
conditions under which experiments on animals. are performed 
in this country. : 

In pathology, which deals.more closely with the facts of dis- 
ease—disordered structure, disordered function—progress has 
been rapid, but not more so in its scientific aspect than pharmaco- 
logy and therapeutics. A great deal of attention has of late 
years been devoted to this subject, as shown by the rapid accu- 
mulation of facts concerning old and new remedies. It is on such. 
an occasion as the meeting of the Association that it is well to 
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stand still for a moment and see the direction in which modern 
therapeutics is tending. Connected on the one hand with 
chemistry and physiology, and on the other with pathology and 
medicine, it is justifiable to expect that the recent advances in 
these departments of knowledge would have a stimulating effect 
on the progress of therapeutics. 

Dr. Lauder Brunton, in his address (which we print in 
full) before the Section of Pharmacology, illustrated one aspect 
of this influence by discussing the connection between chemical 
constitution and physiological action. It will readily be seen 
from a study of his remarks how important an effect the line of 
research which he indicated will have on the progress of rational 
therapeutics, which is based on a knowledge of the physio- 
logical action ofadrug. Dr. Brunton’s address shows a hopeful 
sign of advance in the treatment of disease by scientific methods 
and not by mere empiricism. 

One of the most important communications made to the 
Association, and deserving of mention here, was that by Prof. 
©. Liebreich, of Berlin, on lanolin as a therapeutic agent. 
This substance, which is a cholesterin-fat from sheep’s wool, 
is much more rapidly absorbed by the skin than glycerol-fats or 
vaselin, this property being probably connected with the fact 
that in nature it is closely associated with, if not formed by, 
keratin-containing cells, such as those of the skin, hair, feathers, 
&c. Sucha readily absorbable fat, which is unirritating, and 
will serve as a vehicle for medicaments, has long been a de- 
sideratum, and it is probable that lanolin will be a most im- 
portant agent in the treatment of skin diseases and of local 
disorders beneath the skin, as in the joints. 

Space does not admit of a discussion of the numerous other 
interesting subjects, chiefly technical, introduced at the meeting 
of the Association. The interesting questions brought forward 
by Dr. Taafe in his address on public medicine included the 
spread of scarlatina by means of milk, a subject the investiga- 
tion of which has been undertaken by the Local Government 
Board, and will no doubt yield important results to preventive 
medicine. 

OV THE CONNECTION BETWEEN CHEMI- 
CAL CONSTITUTION AND PHYSIOLOGICAL 
ACTION? 

“HE meeting of the {British Medical Association is not for 
mutual instruction only; it is also for recreation ; and, 

probably, many members of this Association will utilise the 
opportunity which a meeting at the sea-side, like the present 
one at Brighton, affords them of indulging in that excellent 
occupation for an idle man—of watching the waves on the sea- 
shore and speculating how far each of them will come. If one 
have only half an hour to spare, it is difficult to say whether the 
tide is ebbing or flowing; it is only by watching for a longer 
time that one can be certain that the water is really moving in 
one direction or another. Probably a great part of the charm 
which this occupation possesses is due to the resemblance which 
one involuntarily traces between the edb and flow of waters and 
that of human affairs—individual, national, or racial. The life 
of a single man is very short in comparison with the history of 
race ; andit is often very difficult to say whether mankind is 
advancing or retrograding, unless we compare his condition at 
epochs widely removed from one another. 

On doing this, we find a general consensus of opinion, to the 
effect that civilisation has steadily advanced ; and this advance- 
ment is usually divided into four stages, characterised by the 
nature of the tools or weapons employed. In the first, or 
Paleolithic Age, man employed weapons or tools of flint roughly 
chipped into shape and unpolished. In the next, or Neolithic 
Age, the implements consisted of stone, but they were polished. 
The next age is characterised by the employment of bronze as a 
material, and the fourth and highest stage by the employment of 
iron. These stages are not all marked off from one another, for 
we find them together in the same country or in different countries. 
Thus, the age in which at present we live is recognised as the 
Tron Age, on account of the large employment of that metal ; 
but we find that in various countries stone, more or less rudely 
ashioned, is still used in the manufacture of weapons or tools. 

X An Address delivered at the opening of the Section of Pharmacology 
andi Therapeutics, at the Annual Meeting of the British Medical Association 
held in Brighton, August 1886. By Thomas Lauder Brunton, M.D., 
F-R.S., Lecturer on Materia Medica and Therapeutics at St. Bartholomew's 
Hospital ; President of the Section. 
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For example, when I was in the Colonial Exhibition lately with 
Mr. Norman Lockyer, he pointed out a kind of threshing im- 
plement, such as is now used in Cyprus. It consists of a flat 
board, in the under side of which are embedded a number of 
stone celts exactly like those made by prehistoric man, and per- 
haps used by him for a similar purpose as well as for axes. In 
the same way that we recognise four stages in the development 
of the implements used by man in the arts or in warfare, we 
may, I think, recognise four stages in the development of the im- 
plements he has used in the treatment of disease. In the first stage 
crude drugs were employed, prepared in the roughest manner, such 
as powdered cinchona or metallic antimony. In the next stage 
these were converted into more active and more manageable 
forms, suchas extracts or solutions, watery or alcoholic. In the 
third stage the pure active principles, separated from the crude 
drugs, were employed, e.g. morphine and quinine. In the fourth 
stage, instead of attempting to extract our medicines from the 
natural products in which they are contained, we seek to make 
for ourselves such substances as shall possess the particular action 
we desire. Now, just as we find stone and iron implements 
occasicnally used together in the same country, so we find that 
drugs belonging to the different stages mentioned are used at 
the same time. For example, we may find crude powders, alco- 
holic extracts, and pure alkaloids all contained in the same pill. 
Nay more, we may sometimes give to the patient in addition to 
all these, a medicine made artificially. But, while this condition 
still exists, we notice that crude drugs are being less and less 
used, and their place is gradually being taken by pure active 
principles. We may say, then, that we are passing at present 
from the Stone Age into the Bronze Age of pharmacology ; and 
may indeed be said to be just entering on the Iron Age. This 
age may be said to have begun about twenty years ago, when 
the researches which my predecessor in this office, Dr. Fraser, 
‘made with Prof. Crum Brown upon the connection between 
physiological action and chemical constitution, inaugurated a 
new era in pharmacology. They found that, by modifying the 
chemical constitution of strychnine, they could also alter its 
physiological action, and convert it from a poison which would 
tetanise the spinal cord into one which would paralyse the motor 
nerves. 
We might perhaps date the beginning of this agefrom Blake’s 

attempts to show that a connection exists between the form in 
which various bodies crystallise, and the mode in which they act 
upon an animal body. Richardson, too, had observed that, 
amongst various compounds of carbon, certain differences existed 
in physiological action which might be supposed to correspond 
to differences in their chemical composition. And at the same 
time that Crum Brown and Fraser were making their experi- 
ments, Schroff in Vienna, and Jolyet and Cahours in France, had 
independently arrived at somewhat similar conclusions ; neverthe- 
less, I think we may fairly say that it was the experiments of Crum 
Brown and Fraser which fairly started pharmacology in the new 
direction in which it has since been steadily advancing. It 
would be impossible for me to enter at all fully into the recent 
development of this branch of research, but I think it may be 
both interesting and useful to try to give you ashort and popular 
account of the chief points already made out ; and, in doing so, 
I may perhaps be excused for using, almost to the extent of 
abusing, similes which are not precisely exact, but which may 
be useful in giving you a rough idea of a somewhat complicated 
subject. 
We have all heard of the ‘‘ flesh-pots of Egypt” ; but I find 

that everybody is not acquainted with the ‘‘ flesh-pots of Shiloh,” 
though ‘good little Samuel” has probably been frequently held 
up before us as an example to be followed, and possibly the 
naughty sons of Elias an example to be avoided. When these 
sons of Eli were priests in Shiloh, their custom was, when any 
man offered a sacrifice, to send their servants with a ‘‘ flesh- 
hook” of three teeth, in his hand, which he struck into the pan, 
or kettle, or cauldron, or pot; and all that the flesh-hooks 
brought up the priest took for himself. 

It is obvious that what the priest’s man brought up would 

depend very greatly on two things, viz. the contents of the pot 
and the nature of the hook—whether it were large or small, 
sharp or pointed, single-pronged or many-pronged. It is 
obvious, too, that a very slight alteration of the points, by the 
judicious application of a file or whetstone, might considerably 

influence the savouriness of the priest’s dinner. With the small 
pots that they were likely to have in Shiloh, it would not matter 
much what the nature of the handle was ; but it would matter 
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very greatly if the priests had to go fishing in the brazen sea of 
Solomon, for there, with a short handle, they might not be able 
to reach the tit-bits in the middle, and if the handle were too 
long, they might go plunging their hooks about the opposite 
side of the vessel, with the same result as if the handle were too 
short. Now, in the drugs which we use in medicine, we may 
find a certain analogy with these flesh-hooks, some part of the 
drugs being comparable to the hooks, and others to the handle. 
Perhaps the analogy would be even more correct if we were to 
regard the hooks as having movable points, which could be 
taken off and replaced by others of a different form or sharpness. 
If we take alkaline salts as an example, we may regard the base 
as the handle, and the halogen as the hook ; and by modifying 
either of these, we may alter the parts of the body affected and 
the manner in which they are affected. We might, indeed, com- 
pare chloride of sodium, in which we have the chlorine attached 
to sodium, with the low molecular weight of 23, to a hook with 
so short a shank that it did not reach the big joints lying in the 
middle of the cauldron ; while potassium, with a molecular 
weight of 40, was just long enough to do this; and rubi- 
dium, with a molecular weight of 85, was so long as to go 
plunging about on the other side. In fact, we find that this 
is very nearly what occurs in the muscles of the animal body 
after the administration of the chlorides of sodium, potassium, or 
rubidium ; for, while potassium chloride is a powerful muscular 
poison, the action of sodium and rubidium chlorides on the 
muscles is very slight. 
We have seen what changes would follow alterations in the 

shank of our flesh-hook ; now let us see the effect of altering 
the prongs. If we put’on a small one like chlorine, it may go 
dragging about catching everything, but bringing out nothing ; a 
bigger one, like bromine, may lay hold of a lung or a brain ; 
and a bigger one still, like iodine, may lay hold of a big joint. 
Now, what we find in the body seems to be somewhat similar. 
The chlorides circulate in the blood without producing any 
marked alteration beyond that which is due to the substance 
with which the chlorine is combined. The bromides attack the 
brain and nerve-centres, and the iodides tend more especially to 
affect the muscles and the glands. 

It is evident that another important factor besides the sharp- 
ness of the hooks is the number of prongs, and the three- 
pronged hook seems to be the generally effective one. Now, in 
pharmacology, there is one substance—nitrogen—which appears 
sometimes to have three, and sometimes five prongs, or affinities, 
as chemists term them, and it is a substance having a very 
general and powerful influence over the body. When combined 
with hydrogen in the form of ammonia or of ammoniacal salts, 
it affects nerve-centres, motor nerves, and muscles, tending first 
to stimulate and then to paralyse them. But, as we would 
expect, the effect of the ammonia is modified by its combination 
with iodine, chlorine, and bromine ; and we find that, while 
the ammonium-chloride generally attacks the spinal cord and 
causes irritation, ammonium-iodide paralyses the motor nerves 
and muscles. 

When nitrogen has oxygen combined with it in place of 
hydrogen, so as to form nitrous acid, its action is exerted more 
especially upon the blood and blood-vessels, so that it causes 
the blood to become chocolate-coloured, and the blood-vessels 
to dilate. This power of dilating the vessels is sometimes ex- 
ceedingly useful in the treatment of disease ; and we have been 
enabled to vary the action of our drugs so as to attain, toa great 
extent, the end we desire, by our knowledge that the action 
depends upon the nitrous acid, and not on the substance to 
which the acid may be attached ; or, to return to our own com- 
parison, the effect depends on the nature of the hook rather 
than on the kind of shank to which it is attached. Thus, where 
rapid dilation is desired, we use nitrite of amyl; but where a 
slower and more prolonged action is desirable, we employ nitrite 
of soda or nitro-glycerine. 

In some useful tools we have the two ends serving different 
purposes: one end, for example, being a hammer and the other 
end a claw for extracting nails ; and we can easily imagine a 
flesh-hook constructed on the same principle, one end, let us say, 
having the prongs widely apart, and the other the prongs close 
together. With such a hook, it is evident that the viands which 
were fished up would be different according as one or other end 
was put into the pot, for the close prongs would bring up 
delicate little pieces which would simply slip through the wide 
ones. If we carry our illustration a step further, and suppose 
this hook to consist of two parts attached to one another by 

certain prongs, while others were left free, we can see that, if 
only one prong were left free in each part, but these prongs were 
of different shapes, the pieces obtained by the man using it would 
be of a different kind, according as the prong belonged to one end 
or the other. Now we seem to find something of this sort in the 
union of nitrogen with carbon. Carbon is a substance with four 
affinities, while nitrogen appears sometimes to have threeand some- 
times to have five. When the nitrogen and the carbon are 
united in such a way that four affinities of each are connected 
together, leaving one free affinity or prong belonging to pentad 
nitrogen, thus, —N=C, the compound is exceedingly poisonous ; 
whereas, when the free affinity or prong belongs to the carbon 
and the other three affinities are joined to triad nitrogen, thus, 
—C=N, the compound is comparatively innocuous. 

This fact shows us how very important the nature of the free 
affinity in the compound is in regard to physiological action. 
We have just pictured to ourselves an instrument of two parts, 

joined together by small hooks, and consisting, in fact, of two 
links. In this instrument the links differ a good deal from each 
other ; but one link—namely, carbon—has-a great power of 
uniting with itself, s> as to form long chains, straight or 
branching, thus— 
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It also forms what we may possibly regard as close chains, so 
stiff as to act the part of a shank, to which single hooks or long 
open chains may be attached. We may represent it graphically 
thus— 
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Now, if any of Eli’s successors wanted to fish in Solomon’s 
brazen sea with hooks attached to a flexible chain instead of to a 
stiff shank, the results of his fishing would not only depend on 
the hooks he used, but on the length of the chain, on the kind of 
chain, single or branching, and on the position of the links to 
which the hooks were attached. 

Now, in the series of chemical substances to which alcohol 
belongs we have an illustration of the modifications in physio- 
logical action which are produced by the length of the chain, 
the kind of chain, and the position of the hooks. The links, in 
the case of alcohol, consist of carbon atoms attached to each 
other by one affinity, so that each terminal atom, or link, has 
three affinities, or prongs, and the intermediate links have two 
each unattached, thus— 
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We may regard one prong of one terminal link as furnished 

with a sharp point, to which we give the name of hydroxyl, 
while all the others are furnished with blunt hydrogen points, 
thus— 
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All the alcohols attack the nerve-centres, and paralyse the brain, 
the spinal cord, and the centres of organic life in the medulla 
oblongata. In large doses they all produce death, and the 
longer the chain the more deadly do they become, until the 
chain is so heavy that it can hardly be used at all, or, in other 
words, till the alcohol becomes so solid that it will not readily — 
enter the body and produce its toxic action. 

If we fix the sharp hydroxyl on one of the intermediate links, 
instead of the end one, we would naturally expect that it might 
simply scratch the pieces of meat instead of pulling them out, 
as it might do if it were attached to the terminal link ; and this 
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is exactly what we find in the case of alcohol. 
primary propyl alcohol,— 
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where the hydroxyl is attached to the terminal link, appears to 
produce steadily increasing paralysis of the nerve-centres ; but 
secondary propyl alcohol, where the hydroxyl is attached to an 
intermediate Jink, thus— 

For example, 
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scratches up or stimulates the nerve-centres before it paralyses 
them (Efron Pfliiger’s Archiv, Band xxxvi., 1467). 

The whole of the carbon compounds, formed on the principle 
of an open chain, appear to have an action more or less like 
that of alcohol, though these are modified by the nature of the 
substances which ‘‘tip,” as it were, the free affinities of the 
carbon links. Thus, marsh-gas, alcohol, ether, chloroform, 
bromoform, and iodoform— 
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all tend to paralyse nerve-centres, and to exert an anesthetic 
action; but the chloral in the chloroform tends to make the 
substance paralyse the heart more quickly than marsh-gas, 
alcohol, or ether, which contain hydrogen alone, or hydrogen 
and oxygen; and in iodoform the effect of the carbonis to a 
great extent swamped by the iodine. 

It is to Liebreich’s recognition of the fact that similar carbon 
compounds possess a similar anzesthetic action that we owe the 
discovery of chloral. The knowledge of the depressing action 
on the heart of chlorine in such compounds led Schmiede- 
berg and Cervello to search for a hypnotic substance which 
should not contain chlorine, with the result that paraldehyde has 
been added to our therapeutic armamentarium ; and the 
stimulant action of ammonia led Schmiedeberg to introduce a 
new hypnotic, urethane, which, like chloral, will produce sleep, 
but, instead of weakening, will stimulate the heart, and is thus 
admissible in cases where chloral might be dangerous. 

Let us now turn to the other class of carbon compounds in 
which the atoms are arranged so as to form a close chain, or, as 
we may call it, a stiff nucleus or shank, to which either single 
hooks or open chains may be attached. ‘This group of carbon 
compounds is termed the aromatic series. The substances be- 
longing to it differ from those of the open chain or fatty groups, 
inasmuch as they tend to stimulate the nerve-centres, and 
produce conyulsions or spasms before paralysing them. But 
the most marked property which they possess appears to be 
their power of reducing temperature, and of destroying low 
forms of life, so that they act both as antipyretics and as anti- 
septics. We have seen that in the open chains of the fatty 
series of carbon compounds, the increased number of links 
appears to increase the activity of the compound, and a condi- 
tion which is similar, in some respects at least, is to be found in 
the aromatic series. For example, in phenol or carbolic acid, 
as it is usually termed, we have one hydroxyl terminal, just as 
in ordinary alcohol ; the other carbon affinities being saturated 
with hydrogen— 
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When these hydrogen atoms are replaced by methyl, the 
antiseptic power of the phenol is increased, and the increase 
appears to be in proportion to the number of methyl groups 
which are introduced into the compound. Turning again to our 
old illustration of the flesh-hooks, we might compare the benzene 
nucleus to the shank with six points, each of which might be 
armed either with a sharp hydroxyl hook, or with a blunt hydro- 
gen one, or with a carbon chain. The more the blunt hydrogen 
hooks were replaced by chains, the more thoroughly would they 
sweep the pot ; and, in fact, we may say that the more chains 
there are instead of hydrogen, the more thorough is the anti- 
septic action of the compound. 

In the case of antiseptics, all that we want is to insure a 
thorough destruction of the microbes, which give rise to putrefac- 
tion or disease ; but when we come to deal with antipyretics we 
have a more complicated problem before us, for we wish to re- 
duce the temperature in man or the higher animals, while at the 
same time we have to avoid producing any marked action on the 
nervous system in the way either of spasms or paralysis, and 
also to avoid depressing the circulation and causing collapse. 
Now several bodies nearly allied to carbolic acid, and differing 
from it only in the fact that the benzene nucleus in them has 
two hydroxyl groups attached to it instead of one, as in carbolic 
acid, have a strong antiseptic power. These bodies are hydro- 
quinone, resorcin, and pyrocatechin ; they all have an antiseptic 
action, but the strength of their action is very different, resorcin 
having only one-third of the strength, and pyrocatechin only 
one-fourth of that of hydroquinone. This difference in strength 
shows us here, also, how important the position of the hydroxyl 
groups is; because, in pyrocatechin they are close together, in 
hydroquinone they are as far apart as they can be, and in resorcin 
they keep an intermediate position— 
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But these bodies, perhaps from their simple structure, appear to 
be adapted to attack all parts of the animal organisation, and 
they are apt to affect the nervous system and circulation. In 
order to avoid these disadvantages, various attempts have been 
made to obtain bodies of a similar but more complicated struc- 
ture, which should have a more specialised action, and would 
lower the temperature while leaving the nervous system and 
circulation unaffected. These attempts have been more or less 
successful,and we owe to them the introduction of three new 
remedies—kairin, thallin, and antipyrin. The former two, after 
a brief period of trial, have been found more or less_unsatisfac- 
tory; but the latter is perhaps, upon the whole, the best anti- 
pyretic that we possess, reducing the temperature and, at the 
same time, having few disadvantages. Salicylate of soda is 
nearly allied in chemical constitution to resorcin, and as a gene- 
ral antipyretic it is almost equal to antipyrin, and superior to it in 
cases of rheumatic fever. It is possible that we may still obtain 
antipyretics more powerful than any we yet possess, and specially 
adapted to the febrile conditions arising from different causes, 
for these antipyretics do not appear to be equally successful 
in different kinds of fever. Antipyrin is. best in hectic fever, 
and salicylate of soda in rheumatic fever, but an antipyretic 
which will be thoroughly satisfactory in typhoid fever is still a 
desideratum, 

[ have said that antipyrin is generally free from any disagree- 
able action ; but this is not always so, for it sometimes may 
produce collapse. This shows us that in the action of all our 
drugs we have two factors to consider, namely, the drug itself 
and the body into which we introduce it. We have just been 
considering the alterations in physiological action which may be 
produced by changes in the chemical constitution of our drugs ; 
but there is another factor which is perhaps more difficult to 
investigate, and still more important in the treatment of disease, 
namely, the condition of our patients. The failure of our drugs 
to produce the effects we desire is one.of the most trying oceur- 
rences in medical practice. Thus, in fever, we sometimes find 
that drugs will not reduce the pulse as they do in non-febrile 
conditions. and digitalis in. pneumonia sometimes appears to 
have lost its sedative action on the heart altogether. Some 
years ago L thought that. possibly this: might be due to the high 
temperature producing paralysis of the nervous apparatus which 
restrains the heart, and supposed that the peripheral ends of the 
vagus in the:heart might be paralysed. L then made some ex- 
periments, which showed that I was wrong in. this supposition. 
Several years afterwards my friend Dr. Cash.and I made some 
further experiments, which showed that the failure of digitalis 
to slow the heart in febrile conditions is really due to paralysis 
of the regulating nerves of the heart; but the part of them 
which is paralysed by the heat is their roots in the medulla, and 
not their endings in the heart. 

In other experiments which we made together we found that 
the muscle of a frog poisoned by barium could be restored to 
its normal condition by a high temperature, and also by the 
application of potash salts. It occurred to us that, if we could 
saturate the bedy of an animal with potassium, we should be 
able to render it proof against the poisonous action of barium. 
On trying this, we succeeded in rendering animals so far resistant 
to the action of the poison that they were alive and well after 
animals of similar size, but unprotected, had succumbed to the 
action of the same dose of poison, although we did not succeed 
in ultimately saving the animals. 

But Dr. Cash has pursued this line of investigation far beyond 
the limits of our mutual research, and he has obtained results 
which seem to me to be amongst the most extraordinary and the 
most promising in pharmacology. Knowing, as he did, that 
corrosive sublimate was an exceedingly powerful disinfectant, it 
occurred to him that it might be more harmful to disease-germs 
than to the bodies of higher animals, and that he might be able, 
by the introduction of the poison into the body of an animal, 
to render it insusceptible to zymotic diseases. A similar idea 
had occurred to Koch, who injected corrosive sublimate into 
animals after previously inoculating them with anthrax ; but his 
experiments failed, while Cash has proved successful by intro- 
ducing the corrosive sublimate before inoculating with anthrax, 
and thus giving the drug the start of the disease. These experi- 
ments acquire an additional interest from the fact that M. 
Pasteur, although uncertain regarding the exact mode in which 
his process of inoculation for hydrophobia has brought about 
such satisfactory results, is disposed to think that the agent which 
prevents the disease is a chemical substance, and not a microbe. 
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When we look back for twenty years and see how far pharma- 
cology has advanced since Crum Brown and Fraser’s experiments 
directed it intoa new path, we may hope that twenty years more 
may not only have greatly added to our stock of new remedies, 
but will have enabled us so to ascertain the condition of our 
patients that, either by the proper modification of a single 
remedy, by the proper admixture of remedies, or by proper 
changes in the food or surroundings of each patient, we may 
insure the action we desire, and we shall not have to feel, as we 
painfully do at the present, that our patients often die for lack 
of knowledge, not on our part, but on that of our art. 

Nothing is more painful to a medical man than having to 
answer in the negative the agonised appeal, ‘‘Oh, doctor, cat 
you do nothing?” of those who see passing away friends who 
are dearer to them than their own life. It is because we medical 
men know the value of human life and the extent of human 
suffering ; because we are called upon to prolong the lives of 
those whom not only their friends but their country and the 
world at large can ill spare; because we must, if possible, 
relieve pain sometimes amounting to extreme torture in the 
sufferers themselves, and felt hardly less keenly by their friends, 
that we consider it is not only permissible, but is our imperative 
duty to gain the knowledge we require to attain our object, even 
though we sacrifice the lives of animals, and inflict upon them. 
some pain—never wantonly, never carelessly, and almost always 
slight in comparison with what we often see our patients feel. | 
Moreover, the lower animals suffer from disease as well as men, 
and we may hope that the advance of pharmacology will give 
us the means of relieving pain and prolonging life in them as 
well as in man. 

SCIENTIFIC SERIALS 

Fournal de Physique, June.—P. Garbe, experimental re- 
searches on radiation. Examination of the formulze proposed 
by Dulong and Petit, by E. Becquerel, by Violle, and by Stefan. 
The author holds Stefan’s law to be true for absolutely black 
bodies only. The verifications have been made by spectro- 
photometric measures of glow-lamps fed from ‘accumulators.— 
G. Wyrouboff, the structure of crystalline bodies endowed with 
rotatory power. This is a remarkable paper, traversing several 
conclusions hitherto believed to be proven. The author states 
that the alleged necessary and constant relation between rotatory 
power and the existence of facets indicating non-superposable 
hemihedry is untrue, for of eighteen such substances known, 
only four have been proved to have such facets, while the nitrates 
of lead and of baryta which are cubie with facets of this kind 
have no rotatory power. The author now propounds the view, 
which he supports by the discovery of striated. structures upon 
the facets in question and by various strong arguments, that the’ 
real physical cause of this rotatory power is that such crystals 
consist of superposed laiminz crossing at different angles, and 
possessing biaxial refraction. In fact, he holds that these sub- 
stances are only pseudo-symmetrical, and that the built-up mica 
plates of Reusch which show rotatory power are actual types of 
the phenomenon in general. He particularly refers to the 
optical behaviour of amethyst, and further declares that he 
has succeeded in proving; that the true crystalline form of 
sulphate of quinine is clinorhombic. He regards as absolutely 
illusory, in the vast majority of cases, the so-called measurement 
of the angle of rotation by these substances.—L. Laurent, practical 
methods for the execution of objectives intended for instruments 
of precision. This paper describes means for testing during 
process of manufacture the curvatures, &c., of lenses intended 
for spectroscopes, goniometers, and such instruments. —Th. and 
A. Duboscq, saccharimeter for white light. 

analyser. The Senarmont polariscope consists of four wedges of 
quartz disposed so as to show two fringes with black central band, 
which in the dark field are situated exactly in line with one 
another. On introducing any substance that rotates the plane 
of polarisation, the fringes move right and left. A quartz com- 
pensator is added.—J. Voisenat, influence of nature and form of 
conductors upon the self-induction of an electric current. A 
summary of the recent papers of Hughes and H. F. Weber.— 
K. Angstrom, on the diffusion of radiant heat from plane sur- 
faces.—Ch. Soret, researches on the refraction and the disper- 
sion of the crystallised alums.—E. Wartmann, the compensated 
rheolyser. This instrument consists of a circular modification of 
Wheatstone’s bridge with mercurial conductors.—R. Pictet, 

This saccharimeter _ 
_has a Senarmont polariscope placed between the polariser and 
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new freezing-machines. Notes on industrial applications of a 
new liquid, namely a mixture of sulphurous acid and carbonic 
acid obtained on the commercial scale by the action of sulphuric 
acid on carbon.—J. Maurer, influence of altitude on diurnal 
variations of declination.—H. Schneebeli, absolute value of 
coefficient of friction of air. The results, which agree with 
Obermeyer, were made by Graham’s methol.—H. Schnzebeli, 
experimental researches on the impact of elastic bodies. 

Bulletins dz la Société d’ Anthropologie de Paris, tome ix. fase. 
2.—Continuation of M. Topinard’s paper on the cephalic index. 
In his revised system of nomenclature M. Topinard virtaally 
rejects Broca’s method in favour of the quintuple division 
adopted by Prof. Flower, and generally followed by English 
and American anthropologists. For his old terms of ‘‘ sas” 
and ‘‘souvs” he further adopts those of “‘ultra” and ‘‘ hyper.” 
Thus, for example, while he considers that the true dolicho- 
cephalic group is represented by the index of 70-74 inclusive, 
his ultva- and hyper-dolicho- subdivisions exhibit respectively 
the indices of 60-64 and 65-69. The medium group standing 
between the dolicho- and the brachy-cephalic limits he character- 
ises as ‘‘ mesaticephalic,” with an index of 75-79 inclusive ; 
while his brachycephalic divisions range from 80, beginning with 
the mean representatives of the groups, to 94 as the extreme 
limit of the ultra-brachycephalic index.—At a later meeting, M. 
Topinard drew attention to the neces-ity for using greater ex- 
actitude in the definition of the methods to be employed in 
making anthropometric determinations, those of M. Bertillon 
as set down in his instructions regarding anthropometric identifi- 
cation being, in his opinion, at once complex and inexact.—On 
the so-called ‘‘ Lenape” stone, by» M. de Nadaillac, whose 
opinion of the possible genuineness of the stone is, as he informs 
us, based only on the testimony of others. —On the occurrence 
of amber in the prehistoric graves of the Département des Basses 
Alpes, by M. Bonnemére. These finds were formerly so frequent 
that the peasants in some districts used amber for lighting their 
dwellings, and hence it was locally known as ‘‘ peira cremarela,” 
or burning stone. This name is still applied to it at Salignac, 
where many of the villagers are in possession of amber, all of 
which is more or less red in colour.—At a later meeting, M. 
Bonnemere described to the Society some curious bronze disks 
found by M. Ollivier in graves near Salignac, and which appear 
to have been used to strengthen the outer surface of cuirasses 
and other forms of protective armour, Ina cemetery in Carniola, 
belonging to the early Iron Age, a helmet has been found 
composed of similar bronze knobs fastened in rows to an inner 
skin lining. —Anthropology ‘and philology, by M. Beauregard. 
The object of the writer is to show the importance of the com- 
parative study of languages to determine the usages, and moral 
and mental status of various nations. He specially passes in 
review the languages of Egypt and South Africa, Mexico, Peru, 
and the Red Indians, indulging in many fanciful deductions re- 
garding assumed ethnic affinities. —On the origin of life, by M. 
Fauvelle. The author believes that modern science justifies the 
theory that the simplest forms of green Algz represent the 
earliest manifestations of organised beings, in which chlorophyll 
was the active 'agent.—On impregnation, and the influence 
exercised on subsequent offspring by the first conception, by M. 
Fauvelle.—On the effects of long and short periods of military 
service in the French army on the health and physical develop- 
ment of the men, by M. Lagneau.—On the origin of 
the fabrication of glass, by M. Mortillet-—Morphological 
description of the brain of Gambetta, by MM. Chudzinski and 
Mathias Duval. This extremely minute report of the fast- 
mortem examination, undertaken at the instance of the Society, 
is illustrated by numerous sectional drawings of the various con- 
volutions, which exhibit a remarkable degree of complexity, 
and an unusual regularity in the arrangement of the folds.—M. 
Beauregard laid before the Society various objects obtained from 
the Gauchos of the Pampas, including the curious ‘‘ botas de 
potro,” or boots made from the skin of the hind legs of horses, 
mules, or oxen.—On the exploration of the tumulus of Kergouret 
at Carnac, in 1885, by M. Gaillard. A few implements and a 
diorite hatchet are almost the only finds yielded by the recent 
explorations of these dolmens, which were nearly destroyed, 
and their contents almost wholly removed at the time of their 
original discovery about twenty years ago.—Report, by M. 
Hamy, of the results of the explorations, conducted by M. 
‘Charney, in the mountainous region of Popocatapetl, in Mexico. 
Unusual interest attaches to these researches, which have brought 
io light the existence of two ancient Mexican cemeteries, in one 
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of which the remains belonged exclusively to young children. 
Among the numerous fragments of bones were a great mass of 
broken jars and vases decorated with various emblems of the 
divinities Ch uchiutlicue and Tlaloc, to the latter of whom young 
children were sacrificed on high places to secure rain. 

Bulletin de ? Académie Royale de Belgiguz, Juane.—On_ the 
origin of the phosphate of lime in the brown chalk phosphatic 
beds of Ciply, by F. L. Cornet. These beds, which have a 
mean thickness of a1 metres, and about 18 per cent. of phos- 
phate, are shown to be undoubtedly of animal origin, as attested 
by the large proportion of nitrous organic substances contained 
in them. The brown chalk appears to have been deposited in a 
shallow sea inhabited by a numerous fauna of invertebrates, fishes, 
and large Saurians. The deposits were slowly formed in tranquil 
waters during a long geological epoch, as shown by the great 
thickne-s of the phosphatic beds, the perfect regularity of the 
layers, and the state of the fossil shells fovndin them. These 
deposits, which occur nowhere else, may have been caused by 
the periodical destruction of fish, such as at present occurs an- 
nually in the Gulf of Aden.—Note on the parallelism between 
the Carboniferous Limestone of North-West England and Bel- 
gium, by L. G. de Koninck. It is pointed out that the syn- 
chronism of these various systems is far from being fully esta- 
blished. The Tournai formation would appear to be older than 
the English fossiliferous mountain limestone, while the Visé 
rocks may be contemporary of the Yoredale series. On the 
other hand, the zone of Productus giganteus seems to have ac- 
quired a far greater development in the north of England than 
in Belgium.—Remarks on the law regulating the tension of 
fluids, by P. de Heen. The formula recently announced by the 
author is here shown to apply not only to stable fluids, but also 
to those whose physical constitution varies with the temperature. 

SOCIETIES AND.ACADEMIES 

SYDNEY 

Linnean Society of New South Wales, June 30.—Prof. 
W. J. Stephens, F.G.S., President, in the chair.—The follow- 
ing papers were read:—Note on Cvenodax wilkinsont, by 
William Macleay, F.L.S. It is here explained that the fish 
described by Mr. Macleay under the above name has been 
acertained by Dr. Ramsay, of the Australian Museum, to be 
closely allied to Zetvagonurus cuvieri, of Risso. Some remarks 
are also made on the habits and affinities of the fish.—Notes 
on the recent eruptions in the Taupo Zone, New Zealand, by 
Prof. Stephens, M.A., F.G.S. In this note the author gives 
particulars of the late volcanic disturbances, and such informa- 
tion as to the geographical and geolozical features of the district, 
as may perhaps enable those living at a distance to understand 
more clearly the accounts of the recent outbreak which have 
already appeared in the newspapers.—Notes on Australian 
earthworms, Part L, by J. J. Fletcher, M.A., B.Sc. Up to 
the present time but three Australian earthworms have been 
described, Lumbricus nove-hollandie, Kinberg, and Digaster 
lumbricoides, Perrier, from N.S.W., and Afegascolides australis, 
McCoy, from Victoria. In this paper a fuller account is given 
of Kinberg’s species, and descriptions are given of six new or 
undescribed worms from the rich volcanic soil of Burrawang and 
of Mt. Wilson. Of these, two species (P. coxit and P. australis) 
are referred to Schmarda’s genus Pertcheta; two others (NV. 
camdenensis and N. grandts, are included in a new 7tra- 
clitelhan genus Notoscolex ; a fifth (Didymogaster silvaticus) also 
is intraclitellian, but differs from MWotoscolex: and the sixth 
(Cryplodrilus) is postclitellian, with eight rows of setee, but is 
different from Digaster. Three of these, as far as is known at 
present, occur only at Burrawang, one at Mt. Wilson only, one 
is common to both localities as well as Sydney, and one occurs 
at Burrawang, Springwood, and Jervis Bay. Mr. Fletcher has 
heard of the occurrence of worms, some of them very large, in 
the Hunter and Manning River districts, and probably these, as 
wellas Illawarra, the Richmond and Clarence districts, and other 
parts of the colony will yield, when systematically searched, a 
good harvest of earthworms. He therefore appeals to the 
members of the Society resident in these or other locali- 
ties, either for information or for specimens put alive into 
good methylated spirit, or sent alive packed in a tin box 
or large bottle, with a little earth and plenty of damp moss. 
Information as to the existence or otherwise of earthworms in 
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the plains of the interior would also be very valuable. —Notes 

on the distribution of Ceratella fusca, Gray, from the coast of 

New South Wales, by John Brazier, C.M.Z.S. A number 

of instances are given of the occurrence of this Hydrozoon near 

the Heads of Port Jackson. Mr. Braziec also mentions that a 

specimen sent from the British Museum to the Australiaa 

Museum as Ceratella fusca, Gray, is really Dehitella atrorubens, 

Gray, from Algoa Bay. 
PARIS 

Academy of Sciences, August 9 —M. Emile Blanchard 

in the chair.—On the problem of Gauss concerning the 

attraction of an elliptical ring, by M. Halphen. Although 

a clear demonstration of this well-known problem has lately 

been made by G. W. Hill (Simon Newcomb’s “‘ Astronomical 

Papers,” vol. i. 1882), a fresh solution is here proposed, which 

has the advantage of not requiring the preliminary resolu- 

tion of an equation of the third degree.—Observations on the 

oldest sedimentary formations in North-West France (con- 

cluded), by M. Hébert. It is shown that the clay-slates of 

Saint-L6, which are pre-Cambrian or Archzean formations, 

were deposited in horizontal layers in a marine basin, which 

stretched from Wales southwards to Quimper and Alencon, and 

which was broken only by a few isolated masses of granite and 

crystalline schists. This oldest of oceanic waters lasted for a 

long geological epoch, as attested by the thickness of these 

deposits, and the transformation of the muddy sediment into hard 

clay-slates. The present vertical position of these rocks, which 

were antecedent to all animal life, was evidently due to contrac- 

tion of the terrestrial crust, by which were determined the fold- 

ings, faults, and ruptures, and probably the general upheaval of 

the whole region.—Reply to M. Hugoniot’s note on the pressure 

that exists in the contracted section of a gaseous vein, by M. 

Hirn. To M. Hugoniot’s objection the author replies that he 

has shown by experiment that the gas flowing through a cylin- 

drical tube into a reservoir, where it becomes very rarefied, falls 

gradually from the pressure 2, which it possesses in the gaso- 

meter, to a pressure P,, which is almost exactly that of the 

rarefying reservoir.—On the velocity of the flow of fluids, by 
M. Th. Vautier. Having in a previous communication ex- 

plained his graphic method, the author here shows the process 

by which he has successfully applied the revolving mirror to the 

measurement of the velocity of fluids: —Spectrum of the negative 

pole of nitrogen: general law of distribution of the rays which 

appear in the bands of the negative pole, by M. H. Deslandres. 

In the luminous region, which alone has hitherto been studied, 

the spectrum of the negative pole is accompanied by faint traces 

of positive bands. But in the ultra-violet region it is prolonged 

only by a small number of bands, and becomes, so to say, 

smothered amid the powerful and numerous positive bands, 

The rays of the band A 391 are disposed according to the follow- 

ing simple law: The intervals from one ray to another, calcu- 

lated in numbers of vibrations, are arranged as nearly as possible 

in arithmetical progression, This appears to be a general law, 

not merely an isolated fact, as observed by Piazzi Smyth 

and Herschel between sixteen rays of the green band of the 

oxide of carbon.—On the temperatures and critical pressures of 

some vapours in liquids, by MM. C. Vincent and J. Chappuis. 

In a previous communication the authors announced their re- 

searches on the temperatures and critical pressures of two series 

of gaseous bodies at the ordinary temperature. Here they give 

the result of their experiments with liquid bodies at the ordinary 

temperature—the chloride of propyl, the series of the three amines 

of ethyl, and the two first normal amines of propyl. —Researches 

on the variations of solubility of certain chlorides in water in the 

presence of hydrochloric acid, by M. Guillaume Jeannel. From 

his experiments with the chloride of potassium the author infers 

that the variations of solubility of this salt are not subjected to 

the law recently announced by Engel. He arrives at the general 

conclusion that the solubility of the chlorides precipitated by 

hydrochloric acid varies in the presence of the acid, so that the 

sum of the equivalents of water, salt, and acid forming the 

solution remains constant at the same temperature, whatever be 

the chloride and whatever be the proportions of the mixture.— 

Combinations of ammonia with the metallic permanganates, by 

M. T. Klobb.—Chemical and thermic study of the pheno- 

sulphuric acids: paraphenosulphuric acid, by M. S. Allain- 

Le Canu. This paper is devoted to a fresh study of the three 

phenosulphuric acids (oxyphenylsulphonic) Cy,H,S,0-—On the 

presence of lecithine in vegetation, by MM. Ed. Heckel and 

Fr, Schlagdenhauffen. The authors’ researches confirm the 

conclusion already arrived at by Hoppe-Seyler and Kreetzschmar 
that this substance, known to exist in many of the animal tissues, 

distilled from the grape-cake of white wine, by M. Alph. Rom- 
mier.—Fresh researches on the axial nervous current, by M. 
Maurice Mendelssohn. It is shown that the axial current possesses 
the same physical and physiological properties that M. E. 
Du Bois-Reymond has discovered in other nervous currents ; 
also that its direction is in the closest relation with that of the 

stitution of the blood by the action of the sulphuret of carbon on 
the animal system, by MM. Kiener and R. Engel.—On the 

atmospheric agencies and of heat, by MM. Cadéac and 
Malet. 

destroyed rapidly in warm and dry, slowly in cold and moist. 
weather,—On the disposition of the limestone breccias of the 
Alpujarras Range, Andalusia, and their resemblance to the 
carboniferous breccias of Northern France, by MM. Ch. Barrois” 
and A. Offret.—On a method of volumetric analysis for the 
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sulphates, by M. H. Quantin. 
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THE PHYSIOLOGY OF PLANTS 

Lectures on the Phystology of Plants. By S. H. Vines, 

M.A., D.Sc., F.R.S. (Cambridge University Press, 

1886.) 

T has already been pointed out in the columns of 
NATuRE that our botanical schools in England are 

at present leading in great measure a parasitic existence 
on those of Germany in respect of the text-books which 

are in common use: translations of the works of Prantl, 

Sachs, and De Bary are in the hands of most of our 
students, while the number of manuals from foreign 

sources will shortly be increased by the publication of 
others which are in active preparation. However greatly 
we may admire the works of the above authors, still it is 

with no small satisfaction that we turn from them to the 
review of a book which we may well regard as the first- 

fruits of a renaissance in this country of the physiological 
branch of the science of botany ; and the more so as the 

production of original text-books may be taken as one 
important indication of activity in the pursuit of the sub- 
ject to which they relate. But while receiving this work 
of Dr. Vines with a hearty welcome, it is to be regretted 
that, as noticed in the preface, a considerable interval of 

time has unavoidably elapsed between the printing of the 
first sheets and the completion of the book: thus one 
great advantage of original production as opposed to 

translation, viz. that of being more nearly up to date, is 
in some measure lost in the present case, and it is to be 

hoped that the book will, as it well deserves, quickly run 

on to a second edition in which this defect may be 

remedied. 
Those who have had the advantage of hearing Dr. 

Vines in the lecture-room would expect from him a clear 

style, and a skilful arrangement of the matter; and these 

are two of the most prominent characteristics of the work 

before us. Its scope is not that of a manual for mere 
beginners : it is rather constructed to meet the require- 
ments of advanced students, and accordingly the author 

is freed from the zwpedimenta of external morphology 
and anatomy, a sufficient knowledge of which he pre- 

sumes to have been acquired from other sources. But 

notwithstanding this presumption, the introductory lec- 

tures open in a manner easily followed by the uninitiated, 
and the whole could be read with advantage by any one 
who has become acquainted with the mere rudiments of 
vegetable anatomy. 

The first three lectures are devoted to the structure and 
properties of the vegetable cell, including the osmotic and 

optical characters of its parts ; this is preparatory to the 
study of the absorption of water, of the substances in 
solution in it, and of gases, which occupies the two follow- 

ing lectures, this subject being followed in fitting sequence 
by a discussion of the movements of water in plants, and 
transpiration. Lecture VIII. is devoted to the con- 
stituents of the food of plants, together with the more 
salient points as regards the functions of the several 
elements, and the sources from which they are obtained ; 
in this, as in other parts of the book, a short historical 
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sketch is given of the development of knowledge and 
opinion regarding each several function. Then follows 
the subject of “metabolism” in its widest sense, a broad 
distinction being drawn between constructive metabolism, 
or the building up of the organised structures of plants, 
and destructive metabolism, or the conversion of more 

complex substances into others of simpler composition. 
It is in the treatment of the constructive metabolism that 

the most striking novelty will be found by English 
readers, in the introduction of a view regarding the for- 
mation of non-nitrogenous organic substance, which, 

though propounded some years ago in Germany, has now 

we believe, appeared for the first time in an English text- 
book. While allowing that starch is the first w7szble 
product of the constructive processes, the question is 
asked whether the starch which appears in the chloro- 

phyll corpuscles of a green plant under the influence of 
sunlight is dvectly connected with the decomposition of 
carbon dioxide which goes on in them? The answer is 
as follows (p. 145):—“... according to Schmitz and 

Strasburger and in harmony with the older statements of 
Pringsheim, the cell-wall is produced by the actual con- 
version of a layer of protoplasm, and we shall see here- 
after that the same is asserted of the layers of the starch- 

grains found in seeds, tubers, &c. Translating this into 

chemical language we find it to mean that molecules of 

protoplasm may undergo dissociation in such a way as to 

give rise to molecules of carbohydrate among other pro- 

ducts. The conclusion to be drawn is, that the starch 

which is formed in chlorophyll corpuscles under the influ- 
ence of light is also the product of such a dissociation of 
protoplasm.” .. . Both here, and more definitely on 

p- 158, this point is accepted as proved, and is repeatedly 

referred to in the treatment of constructive metabolism. 
But, it will be asked, is it at all admissible thus to “‘ trans- 

late ” microscopical observations into chemical language? 

When it is remembered that we do not yet know the 

constitution of the molecule of protoplasm, that the proto- 
plasm of a living cell is confessedly a most complex 

mixture, and that the observations quoted demand powers 
approaching the limits of microscopic observation, it 
would appear that this “translation” is little more than a 
figure of speech; that the process is probably as Dr. 

Vines describes it many will be found to admit, but it 

cannot be allowed that the evidence adduced by him is 

even a near approach to demonstration. This is not the 

only case of accepting a probability as a proved fact ; 
thus on p. 174 we read :—“ Seedlings, it is well known, 
contain considerable quantities of amides, and the pre- 

sence of these can only be accounted for by regarding 
them as having been derived from the reserve proteids of 

the seed. It is then in the form of amides that nitro- 
genous organic substance is supplied to the seedling.” 

English readers will have become familiar with the 
view of Pfeffer and Draper that it is the yellow rays of 
the spectrum which are most efficient in the process of 
assimilation ; and it will be a new idea to many that the 
balance of experimental evidence is rather in favour of 
the view of Lommel and others, more recently supported 
by the observations of Engelmann, that those rays which 
are absorbed by chlorophyll, viz. the red and violet rays, are 

the chief source of the energy which becomes latent in the 

process of formation of organic substance in green plants. 
Ss 
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It is impossible within the limits of a short notice to take 

up more than these two points, but they will be sufficient 
to indicate that the part of the book which treats of meta- 
bolism contains much that is new to English readers 

both in view and in observation. At its close (p. 326) the 

results acquired are summarised in tabular form, con- 

structed so as to appeal to the eye as a balance sheet, 
which takes account of income and expenditure of matter 

and energy, first in green, and then in colourless plants ; 

this brings out clearly the conclusion that there is a nett 

balance in favour of the plant in either case, of both 
matter and energy. 

The next section of the book (Lectures XV.-XXI.) 

opens with a description of the fundamental phenomena 
of growth, which is a clear statement of facts for the most 

part already familiar. This leads to a discussion, extend- 
ing over four lectures, of the accompanying phenomena 
of irritability of growing organs, which result in their 

varied directive curvatures ; two further lectures are de- 

voted to the irritability of mature organs, considered in 

the light of the observations of Gardiner and others on 

the continuity of protoplasm ; and the book closes with 
three lectures on reproduction; these include first an 

account of the chief types of both sexual and vegeta- 

tive reproduction, and conclude with a discussion of 
the theories of sexuality of Strasburger, Naegeli, and 

Weismann. 
With regard to the use of terms, two points demand 

notice: first, as to the words “dorsal” and “ ventral,” 
which have so often been the subject of discussion, espe- 

cially because of the ambiguity arising from their different 

mode of application to leaves,and to dorsiventral shoots. 
But is it necessary to use the terms at all as applied to 

leaves? Will not the terms “anterior” and “ posterior” 
convey the idea just as well, the terms “dorsal” and 
“ventral” being thus left free for application to dorsi- 

ventral shoots? Secondly, Dr. Vines has not accepted 

the term “zygote” proposed by Dr. Strasburger as gene- 

rally applicable to the fertilised ovum: this term is of 

use in avoiding the terms “zygospore” and “ oospore,” 
which, especially the latter, are often understood in an 

ambiguous sense. 
To say that Dr. Vines’s book is a most valuable addi- 

tion to our own botanical literature is but a narrow meed 
of praise: it is a work which will take its place as cosmo- 
politan; no more clear and concise discussion of the 

difficult chemistry of metabolism in the plant has ap- 

peared, wlrile the part which treats of irritability is an able 

digest of the voluminous, one might almost say inflated, 
literature on this branch of the science. In estimating the 

value of the book as a whole, we must bear in mind the 

circumstances in which physiological botany is at pre- 
sent placed. There is no branch of biological science 
upon which it is more difficult to write ; our position with 

regard to the phenomena of vegetable life is throughout 
based rather upon a calculation of probabilities than upon 
clearly established facts ; it is for each individual teacher 

in the exercise of his duty to draw a line between the dis- 
cussion of views, and the acceptance for teaching purposes 

of points still své judice as though they were established 
truths. Dr. Vines has gone rather further in the ac- 
ceptance of probabilities than some will be prepared to 
follow him, and it is perhaps to be regretted that this 

should be the case in a book intended for the advanced 
rather than the elementary student. Placing this on one 
side, the book is one which must command admiration ; 

a glance at the lists of references at the end of each 

lecture will give a clue to the extent of the literature 

which has been searched through ; in erudition it stands 

alone among English books on the subject, and will com- 
| pare favourably with any foreign competitors. 

HOB: 

A PLEA FOR THE RAIN-BAND 

A Plea for the Rain-Band, and the Rain-Band Vindt- 

cated. By J. Rand Capron, F.R.A.S., and F.R.Met.S. 
(London: Edward Stanford, 1886.) 

A NEAT little spectroscopic book, and furnished, as 

f all such books should be, with a nice index, as well 

as not a few plates, which may be considered a second, 

or graphical, index of an instantaneous reference kind. 
But further it is both an honest, and a modest, produc- 

tion ; for while it says nothing more on its title-page than 

what it fulfils, it has not cared to introduce there a com- 

pliment which it might have most legitimately claimed. 
How often in literary history have not two words de- 

cided whether a book shall be bought and read, or not: 

these words being “second edition.” But here they 
might have been exchanged for third, if not even fourth, 
edition, or “issue”;at all events, for the date January 
1886. 

Mr. Rand Capron is evidently of a very practical order, 

and writes for practical men; and as he writes only of 
what he fully understands, and has abundantly worked at 

with his own eyes and hands,—he has the faculty of 

pleasing and satisfying those whom he addresses. This 

is testified to most particularly by the successive reprints 

of his first pamphlet? within the short interval of five 

years ; for though he was not the first and earliest rain- 

band writer, a public had to be created for the subject, 
and is evidently now rapidly increasing. This too not- 
withstanding that the feature wherein Mr. Capron’s book is 
very strong, viz. numerical comparison of rain-band indi- 
cations in the spectroscope, step by step with rain-gauge 
measures, or ozone papers, or hygrometrical readings of 

wet, and dry, bulb thermometers, forms by no means a 

smooth and easy-flowing kind of reading, as mere read- 
ing ; however instructive it may be, and even necessary 
to have at hand to confront unreasoning objectors of an 

older school ; endued often with imperfect senses, but all 
the more positive in their denunciations of a new 
departure in meteorology, on that very account. 

If the poet is born, and is not to be manufactured by 
the tutors known in these days of cram as “coaches,” so is 
it most assuredly with spectroscopic observers, when the 
subject to be observed is not the angular place of a sharp 
line, but the degree of intensity of a nebulous band of 
shade like the rain-band. Such intensity too to be de- 
termined, not by long and repeated observations with 
some grand photometrical apparatus mounted on a firm 
altazimuth stand, with tangent screw motions in every 
direction, but by a moment’s look through a mere waist- 

coat pocket gem of an instrument held lightly between 

thumb and finger, and leading instantly to a judgment on 
the case, like a stroke of nothing less than pure genius. 
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Yet, by the marvellous aid of the prism with a narrow 

slit in front of it, there appear to be every year more and 

more persons who can accomplish the feat, and feel 
extraordinary satisfaction, even exhilaration, in the act of so 

doing. Wherefore after reading Mr. Capron’s earlier pages, 
laying down what the rain-band, as seen in the spectro- 

scope, really is, how it is to be observed, recorded, and 
concluded upon, the percentage of its correctness, and 
the kind of assistance it may afford to other methods of 

weather prediction in meteorology,—we have had still more 
pleasure in coming to his Part II., on “ The Rain-Band 

Vindicated.” For therein he describes succinctly the con- 
tests which have been recently going on in the meteoro- 
logical world on the subject, and the rise of many new 

authors, either bringing in most varied experiences to 

show the truth of the principle, or still better pub- 
lishing extensions of it. While from one of Professor 
Sir Henry Roscoe’s earliest works on spectroscopy in 

general, and the telluric additions to the lines of the 
solar spectrum in particular,—is extracted this para- 
graph, which deserves to live. 
“No one can tell what secrets lie hid in these atmo- 

spheric lines, but to us it seems that by their careful and 
systematic observation, ‘the Message from the Stars’ 

which has taught us so much, may be rivalled in prac- 

tical importance by a ‘ Message from the Sky.’” 

And the harvest to be gathered is still on the increase ; 

for since the appearance of Mr. Capron’s last edition, a new 
observer in unusually exalted circumstances of tempera- 
ture, sunshine, and moisture (viz. Mr. Maxwell Hall, in 
Jamaica), almost at once discovered another rain-band, 
not in the red, but in the green of the spectrum; and as 
super-excellent for prediction-use in that tropical island, as 
our D rain-band in the red is to ourselves athome. What 

wonder, then, that so able a physicist and astronomer 

writes, and with such hope and joy too of soon having 

more leisure to devote to science,—writes, we repeat, that 

although he has not yet settled the exact line of research 
he will devote himself to,—it must be “ something spectro- 
scopic.” 

Notwithstanding too that, as yet, the rain-band spectro- 

scope has only been employed by day, in noting the dark, 

or so-called Fraunhofer, lines and bands on the bright 
continuous spectrum of the sun-illumined clouds or sky,— 

there seems a new utilisation of it opening up in detecting 

aurora, when otherwise invisible, by its unique bright 
citron line in.a dark field at night ; and thereby affording 
men another kind of rainfall prediction, even so much as 
forty-eight hours beforehand. 

In conclusion, though not exactly touching on rain- 
band, we should call attention to Mr. Capron’s appendix, 
descriptive of his well-arranged and successfully carried 
out observations on atmospheric electricity, as likely to 
lead eventually to something practical and exceedingly 

important. For, as M. Gaston Planté has long held in 
Paris, he has never yet known a storm of wind which was 

not accompanied by measurable disturbances of elec- 
tricity ; and with indications that the whole quantity of 
that fluid, lying latent in the earth, is a store of almost 

unimaginably large quantity, derived from the Creation 
Age, and only very slowly escaping ; while man is still 

merely looking on, and unable to turn it to any useful 
account. © Bas. 

OUR BOOK SHELF 

A Manual of Surgery. \n Treatises by various Authors. 
3 vols. Edited by Frederick Treves, F.R.C.S. (London : 
Cassell and Co., 1886.) 

MESSRS, CASSELL, in issuing these volumes among their 
manuals for students of medicine, did wisely in invoking 
the aid of some thirty hospital surgeons, who have in 
these three handy volumes produced a very practical 
work of high excellence. 

In comparing such a work as the present with a book 
on surgery written fifteen or even ten years ago, we are 
at once struck, on the one hand, by the number of new 
Operations which have been introduced, mainly owing 
to antiseptic surgery; and, on the other, by the much 
greater definiteness and accuracy with which diseases 
and lesions are defined and differentiated from one 
another. Asa consequence, the material isso extensive in 
amount that operative surgery and pathology will occupy 
additional volumes. 

The relations of micro-organisms to septicemia, pye- 
mia, and the treatment of wounds, receive full discussion, 
extending over several chapters. There is a valuable 
chapter by Mr. Mills, Anzesthetist to St. Bartholomew’s 
Hospital, on the production of anzesthesia and the means 
of dealing with the difficulties that may occur. 

In the discussion of knee-joint disease a much more 
favourable view of the benefit cf rest is taken than would 
accord with our experience, and it is stated that with the 
application of splints the great majority of cases will 
end in complete recovery in six to nine months. This 
result, however, is surely uncommon, and too often the 
pulpy mischief progresses until, after months or years of 
rest, the patient is able to get about again with a limb 
liable to lay him up after the slightest exertion, or it has 
ultimately to be amputated. On the other hand, the 
permanent good results which are obtained by excision 
of the knee are much under-estimated, and, instead of 
falling more and more into disuse, the operation will in 
the future often be the means of saving limbs that are 
now amputated, especially when the excellent results 
that can be shown fora long series of cases have been 
published. 
Abdominal surgery receives ample notice, and in no 

department during the last ten years has greater progress 
been made ; many injuries and diseases which were for- 
merly necessarily fatal are now amenable to operation. 
Continental surgeons, able to perform trial operations on 
animals, are far more successful in their operations on 
the intestines than we are, and every year human lives 
are offered up as a holocaust to the fanaticism of the 
anti-vivisectionists. It isto the physiologists that we are 
indebted for the elaboration of the various steps by which 
success is now achieved both in these operations and in 
those on the brain. 

The general excellence of the illustrations, which num- 
ber 200, is worthy of note ; and while many are original, 
not a few have been selected from other books. There 
is no doubt that each yearit becomes more easy to obtain 
typical illustrations of disease. We would therefore take 
exception to the illustrations of the teeth of congenital 
syphilis, of myxcedema, and of single hare-lip, of which 
more characteristic examples might have been taken. 

The handy form of the volumes, as well as the prac- 
tical nature of the book, will insure its popularity among 
students. 

LEvolution et la Vie. (Paris : 
Masson, 1886.) 

This work, which is a véchauffé of the ordinary facts of 
digestion as given in the text-books, and of the relations 
of micro-organisms to vital processes, and more especially 
of Pasteur’s work on the subject, must have been written 
chiefly for the author’s amusement. It opens with a pro- 

Par Denys Cochin. 
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test against Herbert Spencer’s application of the principles 
of evolution to the solution of vital, social, and mental 
problems. The author then proceeds to set up a ghost 
founded on the statement made some years ago, that 
“there is no evolution without spontaneous generation.” 
To refute the theory of spontaneous generation will be, 
he says, to give a direct blow to the theory of evolution. 
This, he maintains, has been amply done by Pasteur and 
others, and a number of the most important experiments 
are here referred to. 

The author proceeds to argue that, since evolution has 
failed to explain the first beginnings of life, there must 
have been a God who created matter, a living germ, and 
an intelligent mind, and that the three creations were 
distinct. 

He gives a clear account of many of the vital as 
distinct from the non-vital processes, and draws especial 
attention to the fact that solutions of many of the 
higher organised products polarise light, and that the 
only organic bodies which have been formed synthetically 
are the lower organised products which do not polarise 
light. It is doubtful, however, whether the distinction 
is one which will hold much longer, as chemical methods 
are constantly improving. 

The author adduces no new facts, but he has the merit 
of bringing together in a very readable form, statements 
more or less scattered about in several books and 
periodicals. 

History of the Royal College of Surgeons in Ireland, 
By Sir Chas. A. Cameron. (Dublin: Fannin 

and Co., 1886.) 

THIs volume, which is published at the expense and by 
the authority of the College of Surgeons, collects to- 
gether the charters and histories of the various Irish 
Medical Schools and Colleges, and supplies biographies 
of the leading members of the medical profession in Ire- 
land, together with a list of their works. 

Many curious ana are given of the old physicians ; 
among others, of Joseph Rogers (1734), one of the first to 
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feed fevers, who gave a patient daily for a month four to | 
six quarts of sack-whey and two quarts of mulled canary, 
which was certainly vigorous treatment. 

The first Society for the regulation of medicine in Ireland 
dates back to 1446, when Henry VI. established a Guild 
of Barbers in Dublin; and later on, in 1572, Queen 
Elizabeth granted a new charter by which women were 
admissible to the guild; and in those days a barber 
was equivalent to our surgeon. This Society lingered on 
until the foundation of the College of Surgeons in 1784. 

This book will be of great use as a work of reference | 
with regard to the state of medicine at any period in Ire- 
land, and its compilation must have been a_ laborious 
labour of love on the part of the author. The biographies, 
which are very numerous, form the most interesting part 
of the work, and include a large number of world- 
renowned names, the greatest of which are probably 
Graves and Stokes. 

LETTERS TO THE EDITOR 

{The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space ts so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Physiological Selection and the Origin of Species 

As I was unable to be present at the Linnean Society when 
Mr. Romanes read his paper on the above subject, I may take 
‘he opportunity furnished by the publication of the abstract in 

these columns to put forward certain views which I have long 
held with reference to the points raised by the author. I may 
remark that I am writing under the disadvantage of distance 
from notes or books of reference, and that I have not yet seen 
the complete paper. Moreover, my work of late years has run 
off biological tracks, and I can but regret that my remarks must, 
under the present circumstances, be of a more or less general 
character ; but at any rate they may be of use as a contribution 
to the discussion which Mr. Romanes’ carefully considered 
paper well merits at the hands of biologists. 

In the first place, I should like to point out that evolution by 
what Mr. Romanes calls ‘‘independent variation,” or the pre- 
vention of crossing with parent forms, is very ably discussed by 
Weismann in one of his earlier works, ‘‘ Ueber den Einfluss 
der Isolirung auf der Artbildung” (1872), which essay I can 
commend to the notice of all interested in the subject. Weis- 
mann termed this principle ‘‘ Amzzxie,” and for want of a better 
word I have rendered this ‘‘Amixia” in my edition of the 
“* Studies in the Theory of Descent,” in which work the prin- 
ciple is also frequently alluded to. 

All evolutionists will agree with Mr. Romanes that natural 
selection Zev se is incompetent to account for the origin of species. 
This has long been admitted by naturalists, and Darwin himself 
in later life frankly acknowledged that in the early editions of 
the ‘‘ Origin of Species” he over-estimated the power of this 
agency. Nevertheless, Darwin to the last considered natural 
selection as the chief agency in the evolution of species, and no 
one saw more clearly than he did the difficulties which sur- 
rounded the formation of incipient species, owing to the ob- 
literation of new characters by intercrossing with the parent 
form. The sterility of natural species as compared with the 
fertility of domesticated races is also a difficulty which Darwin 
fully recognised and did much towards meeting. The results of 
his investigations in this direction have been to break down the 
supposed fixity of the rule, although it must be admitted that 
the broad fact still remains, and we cannot but be grateful to 
Mr. Romanes for once more emphasising this difficulty with his 
characteristic clearness. It is chiefly—if not entirely—with the 
object of meeting this difficulty that ‘ physiological selection” 
has been conceived, because, as it appears to me, the other diffi- 
culties referred to by Mr. Romanes, viz. those connected with 
the prevention of intercrossing and the inutility of trivial charac- 
ters, are quite subordinate to this main difficulty, and need not 
be further considered until the admissibility (or otherwise) of 
physiological selection has been settled. The questions now to 
be decided are whether natural selection + sexual selection + 
correlated variability + amixia + use and disuse, &c., is really 
a theory of the origin of sfecées, or whether these factors have 
been only made to ‘‘ pose” as such? Is ‘‘ physiological selec- 
tion ” competent to account for the origin of species ? 

If I interpret Mr. Romanes correctly, his theory is equivalent 
to the admission that amixia may become inter-racial, z.e. that it 
may arise among the individuals of a species without the inter- 
vention of physical barriers by the spontaneous origination of 
a physiological barrier, ze. by variation in the reproductive 
capacity. That such a form of variation may exist I have long 
been willing to admit, and I do so now with all the more readi- 
ness in face of the arguments so skilfully marshalled by the 
author of the new theory. But, since Mr. Romanes admits the 
efficiency of natural selection, the question séems to resolve 
itself into this: Can physiological selection work independently 
of natural selection? If not, natural selection must still be 
regarded as a prime factor, and if physiological selection cannot 
originate a species independently of the control of natural selec- 

| tion, surely the latter, with its subordinate factors (of which 
physiological selection say de one), is still ¢he chief element in 
the theory of the origin of species. 

Let us suppose, for the sake of argument, that among the 
individuals of a species there arise certain varieties which are 
fertile zfer se, but sterile with the parent form. There would 
thus arise a new race which could not be swamped by inter- 
crossing with the predominant form, and the one species would 
practically be resolved into two—the parent form being still in 
the ascendency as regards numbers. But the competition is 
always most severe between the most closely related forms, and 
unless the new form (arising by inter-racial aimixia) possessed 
some distinct advantage over the old one, it would as surely be 
exterminated by the overwhelming majority of the parent type 
as it would be by intercrossing in the absence of amixia. Physio- 
logical selection thus appears to me to be as subordinate to 
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natural selection as sexual selection, correlated variability, the 
law of homology, or any other of the Darwinian factors. The 
expression used by Mr. Romanes for his new factor—the 
“« Segregation of the Fit’’—seems to imply fitness for something, 
presumably for the conditions of life, and if the survival of the 
“* fit” race is determined by natural selection, then I venture to 
think that natural selection must still be regarded as the theory 
of the origin of species and as something more than a theory of 
the origin of adaptations. 

To the foregoing Mr. Romanes will probably say that physio- 
logical selection is a mecessary adjunct of natural selection, and 
that no new species can arise without the co-operation of his 
factor. If this be the case, then, bearing in mind the views 
which I have expressed with reference to the subordination of 
physiological to natural selection, it seems to me that the most 
likely course to pursue is to appeal to the latter for an explana- 
tion of the ‘‘ primary ” specific character, viz. sterility. It is 
true that Darwin and many of his followers have attempted in 
vain to account for this primary specific distinction by natural 
selection, but I still venture to think that the solution lies in 
this direction. Indeed, the elements of the solution appear to 
me to be furnished by the original theory of Darwin and Wal- 
lace, as I will now briefly attempt to show, hoping to elaborate 
the idea on some future occasion, or, still better, leaving it 
for development or extermination in the hands of professed 
biologists. 

The struggle for life being the most severe between the most 
closely allied forms, diversity is in itself an advantage, because 
the individuals which depart from the parent type may (but not 
necessarily zws/) ‘‘ seize on many and widely diversified places 
in the economy of nature, and so be enabled to increase in 
numbers.” Hence Darwin’s principle of ‘‘ divergence of cha- 
racter,” so well restated by Mr. Romanes in his paper. Now, 
if diversity is an advantage, natural selection can deal with it 
like any other advantageous character, and would seize upon 
any means afforded to secure its perpetuation, provided always 
that the divergence was in the direction of some unoccupied 
“place in the economy of nature.” This last condition amounts 
to nothing more than that the divergence is to be of an advan- 
tageous character. Among the most effectual means of securing 
permanent diversity must be sterility with the parent form: 
hence, given a variability in the reproductive capacities of 
different pairs of individuals (which I have already conceded), 
the question is whether natural selection could not develop out 
of this more or less imperfect fertility a more or less complete 
sterility. If it is to the advantage of some particular variety not 
to resemble its parent form, out of the immense number of 
divergences which are always taking place (by ordinary varia- 
tion) those varieties which showed the greatest infertility with 
the parent form would in the long run survive, for the very 
reason that their progeny, tending to inherit the characters of 
their parents, would possess the advantageous characters of the 
latter, which led to their survival in the first instance, and, 
among these characters, that diminished fertility with the 
parent form which lessens the chance of their extermination by 
imtercrossing. 

As the foregoing argument is necessarily expressed in general 
terms, it will be of use to specialise our ideas by an appeal to a 
hypothetical case. Suppose, for instance, that a dominant 
species gives rise to the twelve varieties A, B, C,. ... L, out 
of which four, B, D, K, L, possess some slight advantage over 
the parent form, adapting them to some new conditions in their 
environment. The four varieties thus stand a chance of surviv- 
ing, while the eight others would be the ‘‘unfit.” Now these 
four varieties in their incipient stage (and in the absence of iso- 
lation) would be subject to extermination by intercrossing in the 
next generation with the parent form. But the chances against 
these four varieties being eguadly fertile with the parent form 
must be exceedingly great: let us suppose, therefore, that B 
and Kare less fertile with the parent form than D and L. Under 
these circumstances the latter would be wiped out by inter- 
crossing, while the former would tend to retain their peculiarities 
and thus survive. The peculiarities both of B, K, and D, L, 
were originally advantageous, but those of B, K, are alone 
allowed to survive. The parent species has, as it were, 
attempted to give rise to four derived species, and has only 
succeeded in producing two. It is a case of selecting out of a 
number of advantageous modifications those particular varieties 
which are the least fertile with the parent form. From the 
slight sterility thus produced in the initial stages, natural selec- 
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tion, by acting in the same direction, might evolve the more or 
less perfect sterility which we now behold, because every de- 
parture on the part of the derived form in the direction of 
fertility with the parent form would be a retrograde step tend- 
ing to obliterate those advantageous characters which led to the 
first survival of the new form, and the descendants of such 
partially fertile departures would constantly be weeded out 
owing to the dilution of their peculiarities with the less advan- 
tageous characters of the parent form. To put the case in 
another way, it may be said that natural selection is constantly 
endeavouring to develop the most advantageous modifications 
of every species, but succeeds the better the less the degree of 
fertility of the advantageous modification with the parent form, 
and succeeds only perfectly by producing perfect sterility with 
the parent form. Fertile advantageous modifications, on the 
other hand, would be swamped by absorption into the parent 
form. 

I thus venture to think that the theory of natural selection as 
sketched out by Darwin and Wallace is still a theory of the 
origin of species. The production of the sterility of species by 
this agency is, according to the present views, to be referred to 
the same causes as all the other modifications produced thereby, 
viz. the natural selection of a ‘* spontaneously ” occurring varia- 
tion in the function of one particular organ. In the case of 
domesticated races no such selection with reference to the func- 
tions of the reproductive system has been effected, but the 
varieties have only been kept from interbreeding by what 
amounts to isolation. It is not surprising, therefore, that such 
artificial forms, which have been selected only with reference to 
external characters, should be fertile z#tex se, while natural 
species, in which fertility z7z/er se has been rigorously suppressed 
by natural selection through long series of generations, should 
exhibit a greater or less degree of sterility.! In other words, 
“physiological” appears as one particular phase of natural 
selection, and as far as we can see there is no reason why there 
should not be other modes of variation leading to the same 
result by acting indirectly upon the reproductive system. But 
all such modes of variation would still be subject to develop- 
ment or suppression by natural selection. R. MELDOLA 

Greenock, August 21 

THE Duke of Argyll’s letter about organic evolution, pub- 
lished in your last week’s issue (p. 335), calls for a few remarks, 
as it is very misleading, and bespeaks some misconceptions on 
the part of the writer. He has evidently read his own views 
into the two articles on organic evolution contributed by Spencer 
to the April and May numbers of the Wineteenth Century. In 
those articles Spencer makes no ‘‘admission”’ ; what he says 
there with respect to natural selection has been held by him for 
the last twenty-six years. He does not deny that the natural 
operations denoted by natural selection do constitute an operat- 
ing cause in the evolution of species. Only, he goes deeper: he, 
with his characteristic truly philosophic insight, sees in natural 
selection a froximate cause; sees behind it the primordial 
operations of forces of nature which rendered natural selection 
possible, and supplied it with a point-d’appui. Then he assigns 
use and disuse as another cause in the origination of species. 
Now all this is not a ‘‘declaration against’? what your corre- 
spondent pleases to call ‘* Mechanical Philosophy,” but is a part 
and parcel of it. It is rather a ‘‘ declaration against ” all sorts 
of teleological philosophy. Let him remember also that Spen- 
cer’s philosophy is the acknewledged philosophy of evolution ; 
and he may rest assured that, even if the theory of natural selec- 
tion as a cause in the genesis of species be proved untrue, that 
philosophy will still stand opposed to any philosophy that will 
attempt to bring back ‘‘ Mind” as one of the cazses of organic 
evolution. 

Your correspondent is a little too hasty in his rejoicings over 
Mr. Romanes’ paper on ‘‘ Physiological Selection.” He will 
see from the second part of the paper that even Mr. Romanes is 
unable to deny that in some cases at least natural selection is 
quite competent to originate species. 

Then your correspondent thinks the theory of natural selection 
“‘not only essentially faulty and incomplete, but fundamentally 
erroneous,” ‘‘in so far as it assumes variations to arise by acci- 
dent.” Now by ‘‘accident” or ‘‘ chance” in this connection, 
evolutionists (including Darwin) have simply meant the action 

* From the above it follows that local races or species produced by isola- 
tion should be more or less fertile with the parent form. This is a point 

, which might well be tested experimentally. 
n 
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of some hidden physical causes whose exact mode of operation 
isnot known. We all know, however, that variations are facts 
of nature, and it is not difficult to see that they are the necessary 
consequences of the varying number, amount, proportion, and 
manner of action, of the natural forces acting on different portions 
of living matter. Now, in making variations the starting-point, 
the theory of natural selection may justly be considered to be 
“incomplete,” even as our knowledge of electricity is incom- 
plete because we do not know the real nature of the thing, as 
astronomy is incomplete because we do not know for certain 
how, for instance, the solar system was formed ; but in so doing 
the theory cannot be ‘‘ essentially faulty” or ‘ fundamentally 
erroneous.” It is illogical, not to say childish, to think a theory 
to be erroneous because it cannot render a definite explanation 
of some unquestionable facts of nature on which it is based and 
with which it starts. To prove the theory of natural selection 
to be erroneous, it must be shown that it is never competent to 
originate species. If it ever falls, it will fall quite z7respectively 
of its avowed inability to give definite explanations as to the 
exact mode of occurrence of variations. S. B. Mirra 

19, Keppel Street, Russell Square, London, August 17 

Red Sunsets and Volcanic Eruptions 

Pror. S. NEwcomp’s article on the above subject in NATURE 
of August 12 (p. 340) induces me to send you a brief account 
of the atmospheric phenomena that I observed in Palermo 
during and after the recent eruption of Mount Etna, 

This volcano is 133 kilometres distant from Palermo, but the 
transparency of the air here is so great that it is almost always 
visible from this Observatory. 

At dawn on May 21 the smoke from the eruption appeared 
as a great mass of black vapour, rising from the southern side of 
the volcano. At If am. it had formed into rosy balls of 
vapour, orcumuli. With the theodolite I measured the angular 
height—2° 21’, which gives 8 kilometres of linear altitude. On 
May 24 the smoke had the characteristic form of a pine-tree, 
and a greater height, but at 4 p.m. the upper edge of it was not 
well defined, and I obtained (approximately) the altitude as 
14 kilometres. 

Since May 22 these vapours from Etna have spread over the 
eastern, and more recently over the entire, horizon of Palermo. 
In the early morning of June 3 the fog was so dense that the 
sun was invisible, and the towers of the Matrice, 200 metres 
distant, were only indistinctly visible, which in Palermo is quite 
extraordinary. From May 29 to June 3 Italy has been invaded 
from south to north with mist, which was probably also derived 
from Etna. 

Cinders from the volcano have fallen over Eastern and 
Southern Sicily, and over Calabria, as well as in Palermo, where, 
in the dust gathered on the terraces of the Observatory on May 
27, I detected with the microscope some minute crystalline 
laminz of labradorite, which mineral is characteristic of the 
ejections of Etna. 

The sun rising from the sea behind these mists has been 
purple-red and then reddish-yellow ; at a height of about 30° it 
was neutral gray, but never green or blue. In Nicolosi, too, 
on the side of the volcano, these colours of the sun have not been 
observed. The light of the red sun was so faint that it was 
possible to look at it without inconvenience. 

No corona (like ‘‘ Bishop’s ring’’) was observed around the 
sun or moon. Spectroscopic observations of the red sun gave 
only the ordinary atmospheric absorptions, perhaps somewhat 
intensified. 

In the latter part of May and during the month of June the 
red after-glows appeared almost daily, and were stronger than 
before or since, but they were not so brilliant and prolonged as 
in 1831 and 1883-84, and their colour was not properly rosy, 
but an impure reddish-yellow. 

I believe that the red sun was caused by the finest cinders 
from the volcano, suspended in the air, as the like phenomenon 
is produced by the dust of the Hoherauch in Northern Europe, 
of the Sirocco in Sicily, and of the Kamsinin Africa. The blue 
sun (observed after the eruptions of Ferdinandea and of Krakatdo) 
has not appeared, and the after-glows were not strongly brilliant, 
because the vapours ejected from Etna were not so enormously 
abundant as those ejected from Ferdinandea and Krakatao, which 
are marine volcanoes more directly communicating with the 
water of the sea. 

The observation by M. Janssen, mentioned in NATURE of 
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July 29 (p. 299), of a blood-red coloration of light traversing 
dust, gives a strong confirmation to the preceding explanaticn 
of the red sun. A. Ricco 

Palermo Observatory, August 17 

P.S.—Since July Bishop’s ring has not been visible in 
Palermo. 

The Bright Clouds and the Aurora 

On the morning of the 11th inst. I had an opportunity of 
watching the curious cirrus-like clouds as daylight came on. 
The display was striking, though not such a bright one as on 
several former occasions. It first appeared about 2.30 a.m., 
when there were very faint indications of the clouds; it was 
some minutes before I noticed that they were the same brilliant 
kind as has appeared so often this summer. Their apparent 
upper border being irregular, it was uncertain whether they in 
any part reached the limit to which the sun could shine upon 
them, or whether the apparent border was altogether the actual 
edge of the cloud-sheet ; however, it rose higher as the sun 
approached the horizon, but this might be owing to the circum- 
stance that the motion of the clouds was, as usual, from an 
easterly direction. At 3.334 a.m. they were visible as far as a 
Andromedz, though they were very faint west of y. By 3.45% 
a.m. they reached down to within 5° of a Aquila, and were 
rather plain there, and by this time the sheet covered most of 
the sky, though none of it remained visible very low down in 
the east. It was no longer bright in any part. At 3.55% they 
reached down to within 4° of a Aquilz, and were plainest about 
there, but growing fainter. I was still uncertain whether the 
sheet extended beyond the western apparent border, that being 
simply the limit of sunshine, or whether the sheet ended there ; 
but probably the former was now the case. At 4 a.m. they 
were scarcely noticeable, and by 4.11 they had disappeared 
altogether. By this time a faint pink glow had appeared in the 
east. 

The question is, Was the disappearance of the clouds due to 
their having evaporated, and ceased to exist, or to their light 
being overpowered by the brightness of the sky? It appeared 
to me that the latter was the case. It will be well if further 
observers can confirm this supposition or otherwise ; if correct, 
they cannot be considered clouds at all in the ordinary sense, 
the sky being beautifully clear and blue after they had ceased to 
be visible. I could not say at any time that the clouds were 
not perfectly transparent to the stars. The circumstance that 
they have never been described as having been seen by day 
seems confirmatory of the above supposition. 
With respect to Prof. Smyth’s remark about the spectrum (p. 311) 

Ido not gather whether he considers that the auroral line noticed 
by him belonged at all to the clouds or entirely to the aurora ; 
but I think that there can be no doubt that the latter was really 
the case. He does not seem to have detected any aurora at the 
spot where the clouds were seen, but doubtless it was there, 
although overpowered by their brightness. As it is so evident 
that these clouds were illuminated by the sun (this being con- 
firmed by their varied colours depending on their altitude, as 
described by Prof. Smyth), we cannot expect their spectrum to 
be otherwise than solar and atmospheric. I looked at them with 
a miniature spectroscope on the evening of July 12, as well as 
on the morning of the 11th inst., but on neither occasion was 
the spectrum bright enough for me to perceive much. I could 
not see any lines, bright or dark, but the spectrum faded very 
abruptly in passing from green to orange, which no doubt was 
owing to the atmospheric bands near D, especially the ‘flow 
sun band.” 

On July 27 I saw the aurora mentioned by Prof. Smyth at 
Gilsland, in Cumberland, and it was a particularly magnificent 
one there, especially about 10.25 p.m., at which time a part of 
it was lilac—a very unusual colour. The bright clouds were 
also visible that night, but chiefly before the aurora appeared 
and after it vanished ; there appears no reason to suppose there 
is any connection between the two phenomena. 

As regards the dark space beneath the auroral arch, has; the 
theory mentioned by Prof. Smyth ever been proved, that there 
is any true darkness there, and that it is not merely the effect of 
contrast with the aurora? My impression is that it must be 
at least mainly the effect of contrast, though perhaps not 
entirely, and the idea is confirmed by a similar darkness some- 
times appearing by contrast with the brilliant clouds, when no 
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aurora is present ; the stars shine quite bright in this dark sky 
above them. 

Prof. Smyth considers that the night after the aurora of the 
27th the twilight extended over the region ‘‘ aurora-blackened 2 
the evening before. Would not this be owing to the brightness 
of the aurora preventing the twilight from being seen so high 
then simply by contrast? The fact that the dark sky was 
luminous in the spectroscope seems to bear out this. 

I do not understand Prof. Smyth’s suggestion why these 
clouds should never be seen in winter, for any night in the year 
there is a time when the sun is at the same distance below the 
horizon as it is when the bright clouds are well seen. 

Sunderland, August 18 T. W. BACKHOUSE 

Cloud Effect 

A VERY unusual cloud effect was noticed here on the 18th 
inst. at 7.45a.m. The wholesky, especially to the east or south- 
east, was at that time covered with a widespread field of mackerel 
cloud. This field was cut from north to south with a strongly 
defined cleft or narrow line showing the blue sky beneath. It 
was like a crack in the cloudy tissue, and formed a perfect arch, 
whose greatest altitude was not many degrees above the sun’s 
apparent place. It lasted nearly half an hour. There was little 
wind at the time, only a slow motion from the north, but a 
change took place shortly after, when it veered to the south- 
west. E. BROWN 

Further Barton, Cirencester, August 20 

The Crag Deposits on the North Downs 

To students of Tertiary geology, the interest of Mr. Clement 
Reid’s verification of Prof. Prestwich’s judgment of many years 
ago as to the Pliocene age of certain outlying deposits at 
Lenham- is so great that I must crave permission for space for a 
line or two with reference to other similarly situated deposits on 
the North Downs, which have been described as belonging to an 
horizon ‘‘ somewhere between the Chalk and the moon.” The 
deposits to which I refer were described by Prof. Prestwich in 
the 0.7.G.S., vol. xiy., and of his paper Mr. Whitaker made 
free use in preparing the account of these outliers in vol. iv. of 
the ‘* Memoirs of the Geological Survey” (pp. 336-42). The 
idea has been for some time growing up in my own mind, with 
reference to these unfossiliferous outliers, that some of them will 
have to be recognised as remnants of the once more widely 
extended Upper Bagshot Sands. This conclusion is at present 
based mainly on three facts: (1) the literal application of Prof. 
Prestwich’s description of their lithological character to portions 
of those beds ; (2) the occurrence of ‘‘ similar beds on the Chalk 
Downs on the opposite side of the Channel, between Calais and 
Boulogne’; (3) the superposition of ‘‘ analogous strata” on the 
top of Cassell Hill in French Flanders upon the Calcaire grossier 
series, the equivalent of our Middle Bagshot (so-called Brackle- 
sham) Beds. I hope to deal with this more at length during the 
next session of the Geological Society, and only draw attention 
now to the suggestion which I threw out several years ago 
(Proceedings of the Geological Association, vol. viii. p. 170) for 
reasons assigned, that the oldest plateau-gravels of the London 
Basin are probably of Pliocene age. This may possibly have 
escaped Mr. C, Reid’s notice. A. IRVING 

Wellington College, Berks, August 17 

Actinotrocha on the British Coasts 

IN answer to Mr. Cunningham’s letter on the distribution of 
Tornaria and Actinotrocha, I may state that I took Actino- 
trocha in the tow-net at the mouth of this bay on July 31. I 
believe I have found it more than once before on the west coast 
during the last few years, but, not having my note-books with 
me, I cannot say definitely where and when. If I am not 
mistaken, Poronis was found by Dr. Strethill Wright in the 
Firth of Forth, and is therefore known as a British animal. 

Loch Ranza, Arran, August 21 W. A. HERDMAN 

GEORGE BUSK, F.R.S. 

A SINGLE-MINDED, true-hearted man, a warm 
friend, and an able and accomplished naturalist, 

has just passed away from the midst of his family, his 
friends, and his fellow-workers. 
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George Busk was the second son of Mr. Robert Busk, 
of St. Petersburg. He was born in 1807, and at an early 
age gave promise of those tastes and of that aptitude for 
research which, developing with his years, gained for him 
the high position which he was destined to hold among 
the scientific workers of his time. 

After completing his medical education he was ap- 
pointed surgeon to the seamen’s hospital-ship Dvread- 
nought, a post which he continued to hold for about 
twenty-five years. It is these twenty-five years which 
constitute the strictly professional period of his life, and 
which gained for him a place among the most distinguished 
members of his profession as an able, clear-sighted, and 
enlightened surgeon. 

In 1856 he resigned his appointment to the Dread- 
nought, and at the same time decided on retiring from 
professional practice and on devoting himself to scientific 
work. 

Having now leisure for the cultivation of those studies 
which were always dear to him, he threw himself warmly 
into biological work. An excellent and cautious observer, 
it was chiefly to researches on the structure of the lower 
members of the organic world that he now devoted him- 
self, and scarcely a month passed without the periodical 
literature of biology receiving from his labours the record 
of some new and interesting fact. 

About this time he became one of the editors of the 
Microscopical Journal, and the numerous communications 
which appeared from his pen in the pages of that period- 
ical contributed largely to its popularity and success. 

There were few departments of biological science which 
Busk did not enrich by his researches, and we now find 
following one another in rapid succession a long series of 
papers containing the results of his studies among the 
lower groups of the animal and vegetable kingdoms. He 
was a skilful microscopist, an acute and conscientious 
interpreter of the optical expressions of organic form 
presented by the microscope to the observer, and his 
contributions to the transactions of our leading scientific 
societies and to various natural history journals have 
advanced our knowledge of some of the simple unicellular 
plants, of the Infusoria, the Hydroida, the lower Vermes, 
and above all of the Polyzoa, to an extent which those 
who have worked in the same fields can fully appreciate. 

In 1856 appeared his article ‘‘ Polyzoa”” in the English 
Cyclopedia, In this admirable article we have an ex- 
haustive account of the structure of the Polyzoa, while it 
contains the first satisfactory attempt at a scientific 
arrangement of the group, and proposes for the first time 
the employment of certain systematic characters which 
are now universally accepted as offering the only legiti- 
mate bases of a philosophical classification. 

Soon after this he undertook the labour of drawing up 
an illustrated descriptive catalogue of the Polyzoa con- 
tained in the collection of the British Museum, and 
brought to bear on the descriptions and systematic 
arrangement of the species those principles whose sound- 
ness he had already established. There was thus placed 
in the hands of the student a work of great value, with 
which no investigator of the group can afford to 
dispense. 

On the return of H.M.S. Rattlesnake from its explora- 
tions in the Australian seas under Capt. Owen Stanley, 
the collections of Polyzoa and Hydroids made during the 
voyage were placed in Mr. Busk’s hands for examination 
and description. His report on the new species thus 
obtained is published in the narrative of the voyage, 
and forms an important addition to our knowledge of 
these animals. 
Among the facts of anatomical interest which have 

been successfully worked out by Busk in the organisation 
of the Polyzoa, his demonstration of the structure of the 
avicularia and vibracula deserves special mention. He 
has given by far the best account which had been hitherto 
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published of the structure and functions of these remark- 
able and enigmatical bodies, while he insists on their 
value in affording characters for classification. His very 
instructive and expressive figures form part of the illustra- 
tions of Polyzoal morphology contained in the morpho- 
logical] atlas of Victor Carus. 

It was about this time that Busk undertook, for the 
Palzontographical Society, a monograph of the fossil 
Polyzoa of the Crag,—a task for which his knowledge of 
the recent species had eminently fitted him. But his 
geological work was by no means confined to researches 
among these lower forms of life. In 1864 he made a 
journey to Gibraltar along with Dr. Falconer, for the 
purpose of investigating the ancient fauna which had 
been preserved in the caves of that region. The results 
of the joint labours of the two explorers were embodied 
ina report read at the Norwich Meeting of the British 
Association in 1868, and more fully in a complete mono- 
graph on the subject subsequently published. Among 
other paleontological contributions may be mentioned 
his observations on certain points in the dentition of | 
fossil bears, as affording good diagnostic characters, and | 
on the relations of Ursus friscus to Ursus ferox; also 
his descriptions of three extinct species of elephant, the 
remains of which were collected by Capt. Sprat in the 
ossiferous caverns of Zebbung in the Island of Malta; | 

| that Museum the Hunterian Professorship of Comparative his report on the animal remains in the Brixham Cave ; 
and a report on the animal remains found by Col. Lane- 
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Fox in the High and Low Terrace-gravels at Acton and | 
Turnham Green. All these communications bear evi- 
dence of his skill in recognising paleontological cha- 
racters and in detecting their relations with those of 
living forms, while his study of fossil mammals, and his 
comparison of these with existing species, suggested to 
him aningenious method of graphically representing the 
dimensions and proportions of mammalian teeth. 

It was somewhat later than this that his attention was 
largely given to ethnology, and the Anthropological So- 
ciety not only owes to his pen many valuable memoirs, | 
but bears evidence of judicious management and ad- 
ministrative capacity in his labours as its President and 
as a member of its Council. Along with Dr. Carpenter 
and Dr. Falconer he formed one of a Commission which | 
visited France in order to take part in the Conference 
which was held there for the purpose of inquiring into 
the circumstances attending the asserted discovery of a 
human jaw in the Gravel at Moulin Quignon, near Abbe- 
ville. Among his other anthropological work will be 
found many interesting comparisons of crania belonging | 
to various nations. These investigations were carried on 
chiefly by means of a systematic method of measurement, 
which he advocated as affording a uniform basis of com- 
parison, by which anthropological studies might be 
facilitated and the data of comparison rendered more 
definite and precise. 

At a time when the German language was much less 
understood in this country than it is at present, Busk 
performed an important service by giving to the English 
student an excellent translation from the German of 
Steenstrup’s famous treatise on the alternation of genera- 
tions, and, in collaboration with Huxley, a translation of 
Kolliker’s valuable manual of human histology. 

The last piece of work which devolved on him was the 
preparation of a Report on the Polyzoa collected during 
the voyage of the Challenger. The first part of this im- 
portant work was completed in 1884, and has been 
already reviewed in NATURE. It forms an admirable 
exposition of the additions made to our knowledge of 
these animals by the great exploratory voyage; and 
amply realises all that had been expected from one who | 
had made the Polyzoa the subject of so much careful and 
philosophic study. 

The second and concluding part of the Report he left 
behind him in a condition nearly ready for the press, and 
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under the judicious supervision of the proofs by his eldest 
daughter—through whose loving care during his last 
months of suffering he was enabled to carry on his work 
to completion—is now quite ready for publication. 

The many-sidedness of Mr. Busk’s mind was one of 
the most striking features of his clear and comprehensive 
intellect, and naturally obtained for him distinctions and 
honours in many and various departments of science. He 
was early elected a Fellow of the Royal Society, of which 
he was afterwards nominated one of the Vice-Presidents, 
and on the Council of which he served on several occa- 
sions. He was more than once President of the Micro- 
scopical and Anthropological Societies, was Zoological 
Secretary of the Linnean Society, and would have been 
made its President were it not that, notwithstanding the 
warmly expressed solicitations of the Council of that 
body, he felt that the labour of the Presidential chair 
was greater than he believed himself justified in under- 
taking. 

In recognition of the eminence he had attained as a 
surgeon during the professional period of his life, and of 
the interest he had always continued to take in the wel- 
fare of his profession, he was elected in 1871 to the Presi- 
dency of the Royal College of Surgeons. He was one of 
the Trustees of the Hunterian Museum of the College, 
and continued for three years to hold in connection with 

Anatomy. He was a Member of the Senate of the Uni- 
versity of London, for many years Treasurer of the 
Royal Institution of Great Britain, and had more recently 
been nominated one of the Governors of :Charterhouse 
School. 

For his researches in zoology, physiology, and com- 
parative anatomy the Royal Society in 1871 awarded to 
him the Royal Medal, while for his palaontological re- 
searches he afterwards received from the Geological 
Society the Lyell and Wollaston Medals. 

On the passing of the Cruelty to Animals Act, intended 
to regulate the performance of experiments on living 
animals, he was appointed by Government inspector of 
the various medical schools and_ physiological labora- 
tories registered under that Act in England and Scotland ; 
and the judgment and skill with which he performed the 
difficult duties of the office bear ample testimony to the 
wisdom of his appointment. Abhorring the infliction of 
unnecessary pain, he saw that for the advancement of 
knowledge which might tend to the alleviation of human 
suffering such experiments were not only permissible but 
called for, while at the same time he set himself strenu- 
ously against the infliction of pain which might be 
avoided, and against the institution of experiments which 
did not hold out obvious promise of the results which 
alone would justify them. 

He was a genuine lover of Nature, deriving unalloyed 
pleasure from all that was beautiful in the external world ; 
and the writer of this notice can well remember the 
enthusiasm with which he would recall the vegetation of 
the lower reaches of the Thames—amid which his early 
work on board the Dreadnought lay—with its rich growth 
of Sagittaria, and Butomus, and Sedges, and picturesque 
water-weeds, long since swept away before the spread of 
manufactures and the encroachments of civilisation. 

Generous and liberal to his fellow-workers, with his rich 
store of material always at their disposition, hisloss will 
be long and deeply felt by the many who profited by his 
friendship. Free from all selfish and personal ambition, 
and pursuing his investigations for the sake alone of the 

| truths which might result from them, he cared little about 
asserting his claims to discovery, and would rest satisfied 
with the belief that, whoever may be the discoverer, 
human knowledge would be the gainer. 

And yet, though he had no ambitious longing for repu- 
tation, Busk was no cynic. He could appreciate the 
esteem of those whose esteem was worth having, and few 
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men had a larger number of genuine admirers, or 
gathered around them a wider circle of sincere and at- 
tached friends. And not alone to the fields in which he 
himself worked did he extend his interest and sympathies. 
Amid the labourers in very different departments of 
thought he found some of his most cherished friends— 
frequent and always welcome guests at his hospitable 
home. For these, and for all who had enjoyed the privi- 
lege of his friendship, the sorrow at his loss will be 
softened by the ennobling memory of his life. 

Gro. J. ALLMAN 

BRITISH ASSOCIATION, SECTION B: DISCUS- | 
SION ON THE NATURE OF SOLUTION 

(4 may perhaps be convenient to those chemists who 
have announced their intention of joining in the pro- 

posed debate in Section B, at the approaching meeting of 
the British Association, that, having accepted the invita- 
tion of the President to open the discussion, I should 
indicate briefly the general nature of the subjects upon 
which I shall offer some remarks, and the order in which 
I shall probably take them. 

After an historical sketch of the theories which have 
been framed with the object of explaining the constitution 
of saline and other solutions, the phenomena of solution 
will be dealt with somewhat as follows :— 

Thermal and volume changes occurring in the act of 
solution and their mutual relations. How far and under 
what circumstances are thermal and volume changes to 
be considered as indicating chemical change? 

The molecular volumes of saltsin solution. The specific 
heat and vapour pressures of salt solutions. The relation 
of solubility to molecular volume, to fusibility, and to the 
composition of the liquid. 

Action of solids and especially of porous bodies on 
solutions. Phenomena of supersaturation. 
What is chemical combination, and is there any criterion 

by which it may be distinguished from adhesion or 
mechanical combination ? 

In consequence of the very wide-reaching character of 
the subject, it will not be possible to take up the question 
of solution except as relating chiefly to solids, and 
especially salts, in water. For the same reason I cannot 
fully discuss the phenomena of absorption-spectra nor 
generally the action of solutions upon light, but I hope 
some of those chemists who have worked on this part of 
the subject will be present, and will give us the benefit of 
their experience. 

There will of course be a great number of questions 
incidentally touched upon in my opening, which may well 
form the basis of remarks from other speakers, such as— 
How is saturation to be explained, ze. why is there 

generally a limit to solubility ? 
Is there any general connection between solubility and 

atomic weight in a series of compounds in which only 
one constituent varies ? 
What becomes of water of crystallisation when’ a salt 

containing water is dissolved in water ? 
WILLIAM A. TILDEN 

The Mason College, Birmingham 

THE RECENT VOLCANIC ERUPTIONS IN 
NEW ZEALAND 

WE have been favoured by Dr. Hector, F.R.S., 
: Director of the Geological Survey of New Zealand, 

with a copy of a Preliminary Report drawn up by him for 
the New Zealand Government regarding the volcanic 
eruptions of last June in the North Island. It is grati- 
fying to find that the hope expressed in NATURE (p. 322) 
has been so promptly fulfilled, and that the investigation 

competent an observer as Dr. Hector. The following is 
his Report, but it is merely a preliminary outline, and will 
no doubt be followed by much ampler details. 

“Colonial Museum of New Zealand, Wellington, 
June 23, 1886 

“According to instructions from Government, I pro- 
ceeded to Tauranga on the evening of Thursday, the 1oth 
instant, in the colonial gunboat A/ézemoa, and arrived 
there on Saturday afternoon. At Tauranga I engaged 
the services of Mr. Spencer, a skilful landscape photo- 
grapher, and on Sunday our party, seven in number, 
drove to Rotorua by the Oripi Road, the ordinary route 
by Te Puke being blocked On Monday I proceeded to 
Wairoa with Captain Mair, who joined the boat expedi- 
tion, which had been organised to search the Native 
settlements on Tarawera Lake. On the same day I sent 
my assistant, Mr. Park, to the south of the disturbed area 
by way of Kaiteriria; and on Tuesday, following the 
same route, I examined the vicinity of Rotomahana, Mr. 
Spencer, with his camera, accompanied me everywhere, 
so that a series of well-selected views of the eruption and 
its effects was obtained. On Wednesday we started for 
Taupo, feeling anxious to complete the general view of 
the whole line of volcanic activity from Ruapehu to White 
Island, as alarming rumours were in circulation as to the 
extent of country that had been affected. By this route 
we also obtained a distant but interesting view of the 
newly-raised cones of Tarawera from the eastward. The 
incidents of the eruption have been so fully described by 
the Press that it is unnecessary for me to refer to them in 
this preliminary report, the chief object of my rapid 
inspection having been to ascertain the exact locality, 
nature, and extent of the outbreak, and its probable 
consequences to the district. A complete geological 
examination of the district has therefore been deferred 
until a more favourable season for field-work, and until 
the volcanic activity has sufficiently subsided to admit of 
accurate observation. 
“The focus of the disturbance was ascertained to be in 

a line extending from seven to ten miles in a north-east 
to south-west direction from the north end of the Tara- 
wera Range to Okaro Lake (see plan.) The northern 
part of this line is occupied by the Tarawera Range. 
This range has three summits, the northernmost being 
Wahanga; the central, Ruawahia, 3605 feet alt.; and 
the southernmost, Tarawera Mountain proper. The 
southern part of the line previous to the outburst was 
a depression occupied by Rotomahana Lake, surrounded 
by low undulating country composed of pumice-sands 
and overspreading deposits of siliceous sinter, most of 
which were connected with active geysers, amongst which 
the most famous were those at the Pink and White 
Terraces. 
“From the most reliable evidence it appears that the 

outbreak commenced at ten minutes past two on the 
morning of the 10th, by an eruption from the top of 
Wahanga, attended by a loud roaring noise, and slight 
earth-shocks. In a few minutes this was followed by a 
similar but more violent outburst from the top of Ruawahia 
—the middle peak of the range, and after a short interval 
this phase of the eruption culminated ina terrific explosion 
from the south end of Tarawera Range, north-east of 
Lake Rotomahana. For nearly two hours this was the 
only phase of the eruption, and was accompanied by the 
ejection of vast quantities of steam, pumice-dust, and hot 
stones, forming huge towering clouds, illuminated by 
lightning flashes. 

“Tt was at this time also that a great crack or fissure 
(A C on plan) was formed along the east face of the 
Tarawera Range. I only had a distant view of this 
fissure from the eastward, but Mr. Percy Smith, the 
Assistant Surveyor-General, who had a near view from 

of the remarkable phenomena has been undertaken by so | the sides, reports that the whole east end of the mountain 
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has been blown away, and that the dédris covers the 
country to a distance of many miles. The white terrace 
of pumice-sand that I saw was singularly flat-topped, and 
seemed to slope abruptly from the mountain like a huge 
embankment 500 feet high. Besides these heavy sands 
that lodged close to the fissure in the mountain side, the 
lighter dust was spread out in the form of stratified clouds, 
which were distinctly seen, at this period of the eruption, 
from Rotorua, Tauranga, and Taupo. 
“The cloud thus formed discharged its contents for the 

greater part in a direction to the eastward of the mountain, 
reaching as far as Te Teko and Fort Galatea, and to the 
westward as far as Wairoa. The earth-shocks, however, 
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during this period of the eruption do not appear to have 
been of extreme violence, or to have created much alarm 
beyond that part of the district lying in the immediate 
vicinity of the volcanic eruption ; but shortly before four 
a.m. a violent outburst of a totally different nature was 
experienced, accompanied with loud reports that reverbe- 
rated through the atmosphere to enormous distances. 
The first notice of this outbreak was an earth-shock that 
appears to have been much more widely felt than those 
previous, and chiefly in areas where hot springs occur. 
This development was attendant on the outburst of 
an immense volume of steam—carrying pumice-dust and 
fragments of rocks to an enormous altitude—which pro- 

NATURE 

ceeded from the site of Rotomahana Lake, causing the 
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formation of a dense cloud in the higher atmosphere, 
that spread in definite directions, its advancing edge 
being marked by electrical discharges of the most awe- 
striking character. At first the wind was from the south- 
east, and the inhabitants of Rotorua appear to have been 
terrified by the approach of this hideous cloud, when 
suddenly the wind sprang up from the south-west and 
arrested its progress in that direction, turning it off 
towards the north-east, at the same time condensing the 
vapour of the cloud to such an extent that the suspended 
solid matter dropped on the surface of the earth in the 
form of mud, smothering the country, and leading to the 
disastrous results experienced at Wairoa. By six am. 
the period of active eruption appears to have closed, and 
since then the display of energy in a modified form has 
also rapidly declined. 

“The following are the chief points which require 
notice in this report :— 

“T. Focus.—Tarawera Range, about 3600 feet above 
sea-level, is an isolated and very conspicuous object in 
the scenery of the Lake District. It slopes from the east 
side of Tarawera Lake—the level of which is about 1000 
feet above the sea—and previous to the eruption rose 
very abruptly. with mural precipices and columnar rocks, 
especially on its western and southern escarpments. It 
was no doubt judging from this feature that Dr. Von 
Hochstetter was led to class Tarawera Mountain with the 
Horohoro Range, as being part of his older or sub- 
marine-formed volcanic series, and a remnant of the 
great plateau (Von Hochstetter, “ Reise der Novara,” i. 
106), the surface of which denotes the original level of the 
country prior to the production of its present broken 
surface by the excavation of valleys, by the up-bursting 
of volcanic mountains, and the consequent subsidence or 
breaking-in of large cavities that are now occupied by 
lakes. He nevertheless maps Mount Tarawera as be- 
longing to his recent volcanic group, and also alludes to 
it in other parts of his work as being largly composed of 
obsidian. I have never ascended the Tarawera Range, 
but have examined its slopes and found them to be com- 
posed of lavas of a high acidic or rhyolite type, in the 
form of flows intersected by dykes, and containing, 
amongst other rocks, large quantities of compact and 
vesicular obsidian. From this I conclude that the 
mountain really is one of recent volcanic origin, belong- 
ing to Von Hochstetter’s new volcanic series, and that its 
abrupt outlines have resulted from fractures and sub- 
sidences of its flanks. According to this view it is natural 
to assume that the still-imperfectly-cooled mass of lava 
in the heart of this volcanic mountain has given rise to 
the long-continued (historically speaking) solfatara action 
at high temperatures that created the attractive wonders 
of the Rotomahana. It has been stated that no Native 
tradition exists of Tarawera having been the site of 
previous activity, but the range culminates in three 
distinct peaks, the meaning of the Maori names of which 
—according to Mr. Locke, M.H.R., and other authorities 
—clearly contradicts this assumption. This consideration 
has interest, as a sudden development of volcanic activity 
in a new locality, or in an ancient and greatly-denuded 
formation like the trachyte breccia that forms the Horo- 
horo, would have been more serious and significant than 
the mere temporary revival of the expiring energies of a 
recent focus of volcanic force. 

“TIT. The Vents.—As viewed across Rotorua Lake, on 
the 13th, from the point where the Tauranga Road 
emerges from the bush, Tarawera Range appeared to 
have quite lost its former characteristic outline. The 
deep gap dividing Wahanga, the northern peak, from 
Ruawahia, the central one, was almost obliterated, and 
the abrupt, precipitous sides of the mountain were every- 
where softened by great slope deposits of material ejected 
from the volcanic vents, consisting of stones and dust of 
a grey colour. Along the edge of the range seven distinct 
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points were seen to give off steam from flattened conical 
heaps of dark-coloured @éb77zs, and at intervals these vents 
threw off large volumes of steam and vapour, darkened 
to a reddish hue by solid matters, which were discharged 
to a height estimated at from 200 feet to 500 feet. Four 
days later, when viewed from the eastward, the same 
range showed a similar appearance, allowing for the 
change in direction; but the cone on the summit of 
Ruawahia had evidently accumulated with greater rapidity 
than the others, and had acquired lateral cones, giving 
its outline a similar appearance to that of Rangitoto, 
near Auckland. 

“ During two clear nights I watched the eruption from 
these vents, and could distinguish them against the sky 
with a powerful binocular telescope ; but I never observed 
any illumination of the ascending steam clouds, as if 
from the surface of an incandescent mass within the vent, 
nor was there any sign of any outpouring of lava, either 
from these vents or from cracks or fissures in the sides of 
the mountain, during the time of my visit. In addition 
to the above-mentioned conical vents on the summit of 
the range, along its eastern side the line of fissure already 
alluded to was distinctly visible, emitting wreaths of 
steam. This line of fissure lay in an oblique direction, 
so that it appeared to gain in elevation along the sides of 
the mountain from north towards south, but not suffi- 
ciently so as to indicate for it a direction that would make 
it continuous with the great fissure south of Tarawera, 
but rather in the direction of line AC on plan. It is 
below this fissure-line on the eastern flank of the range 
that bulky terrace-like accumulations of pumice-sand have 
been formed, and if this eruption should ever reach the 
stage of producing lava, which from other circum- 
stances I think hardly likely, it is from this fissure that I 
should expect the lava to exude. 

“III. The Great Fissure—This is the most remarkable 
and characteristic feature of the late eruption, and the 
chief origin of the disastrous results which attended it 
(B D on plan). A good view, but much obscured by 
steam, was obtained from the hill called Te Hape-o-Toroa 
—alt. 2300 feet—by Mr. Park on the 14th, and by myself 
on the following day. This fissure seems to commence as 
a narrow rift at the northern end from the great rent 
which has been formed in the south end of Tarawera 
Mountain. ‘This rent is a most wonderful feature. It is 
not a slip from the mountain side, but appears as if a 
portion of the mountain measuring 2000 feet by 500 feet, 
and 300 feet deep, had been blown out, leaving a ragged, 
rocky chasm, from which steam was being discharged in 
rapidly-succeeding puffs. The eastern side of this chasm 
was brightly tinted, as if by the efflorescent deposit of 
a mineral substance, probably ferrochlorides. Sulphur 
has been mentioned as a deposit from this recent outburst 
by some who have witnessed it; but this is hardly a 
possible result of such rapid volcanic developments. 

“ The view I obtained of the extent of this chasm south 
was much obscured by numerous volumes of steam blow- 
ing off from the newly-formed fumaroles that occupied 
the site of Rotomahana. From the eastern slope of Te 
Hape-o-Toroa we looked right into the fissure, and, as 
far as I could see, it appeared to have a nearly straight 
boundary of undisturbed ground on its eastern side, 
extending from the Tarawera chasm to within a few 
chains of Lake Ckaro, thus intersecting the Rotoma- 
kariri or the cold lake, the Rotomahana Lake, and the 
valley extending from thence southward. The west side 
of the fissure, on the other hand, is very irregular in 
outline, and is continually being altered by the falling-in 
of its precipitous walls, as the hills are undermined by 
the action of powerful geysers, seven in number, which at 
irregular intervals throw up great volumes of boiling 
water, with stones and mud, to a height of 600 feet to 
800 feet from the bottom. 

the steam that any idea can be formed of the nature of 
the bottom of this huge fissure ; but it seemed as if it was 
entirely occupied by large circular areas of mud, seething 
and boiling in such a fashion as to convey the impression 
of its being in a very liquid state. These mud-pools are 
separated from one another by comparatively solid ground, 
and in some cases, especially towards the eastern side of 
the fissure, what appear to be small pools of water with 
sedgy margins could even be distinguished; but the 
difficulty of estimating distances and depths through 
the steam-clouds rendered the observations made very 
uncertain. 

“ The largest of these mud geysers appeared to be that 
rising from the position formerly occupied by the Pink 
Terrace, but the most interesting is one a mile further 
south, which, unlike the others, does not spring from the 
bottom, but from the comparatively high ground on the 
west side of the fissure, and, owing to the obliquity with 
which the fragments are thrown out, is gradually building 
up a conical mound, which already has attained an alti- 
tude of several hundred feet (Mount Haszard, on plan). 
At the southern extremity the fissure is bounded by a bold 
semicircular extremity, from the base of which powerful 
steam jets are escaping ; but there was no evidence that 
it was prolonged by a crack or fissure, or fault, or other 
displacement of ground, nor was there any evidence that 
the fissure had been produced by any inequality of the 
movement of the ground bounding it, but rather that it was 
caused simply by the removal of material which formerly 
occupied its space. Its direction, as far as could be ascer- 
tained, is N. 50°E., which is the general line of direction 
that would connect all the more active geysers between 
Tongariro and White Island. 

“TV. Matter ejected during the Eruption.—Vhe quantity 
of matter which was ejected during the different phases 
of the eruption was very large. In the first place, stone 
fragments were scattered from the earlier eruptions of 
Tarawera over an area of country extending to the east- 
ward as far as Te Teko, and even, some say, to Fort 
Galatea; while in the opposite direction they are not 
reported to have fallen at any place farther west than 
Wairoa, a distance of six miles. None of the fragments 
which I collected are other than portions of rocks of the 
district, nor do they present in the slightest degree the 
character of volcanic bombs or lapilli formed from lava or 
rock material in a state of fusion. Yet there can be no 
doubt, if we can accept the evidence of the eye-witnesses, 
that these rock-fragments must have, in some cases, 
reached the ground in a partially incandescent state. 
Next followed the great ejection of pumice-sand, which 
forms enormous deposits in two localities: the one is on 
the eastern slope of Tarawera Mountain, already de- 
scribed, the nature and origin of which I had no oppor- 
tunity of ascertaining; the other deposit of this nature 
is chiefly on the western side of Rotomahana fissure, and 
was no doubt ejected at the commencement of the second 
phase of the eruption. Over a district of twenty-four 
square miles south of Tarawera Lake, and on an almost 
equal area to the north and east of the lake, the whole 
surface of the country has been covered with this pumice- 
stone so thickly as to obliterate in a great measure the 
natural features, partly filling the gullies and enveloping 
all the hills as if with a deep mantle of snow, so that not 
a trace of vegetation can be seen, from the highest peaks, 
such as Te Hape-o-Toroa, which is 2300 feet above the 
sea, down to the level of the lake. The thickness of this 
deposit could not be ascertained at the time of my visit, 
as no slips had occurred in it and no sections were to be 
seen. It consisted of fine-grained and gritty pumice-sand, 
slightly crusted on the surface by the action of the rain, 
which also caused it to assume a slightly greyish tinge ; 
but underneath it was a pure white, and at a depth of 
12 inches to 18 inches from the surface had still a high 

“Tt is only by occasional glimpses during the breaks of | temperature on the sixth day after the eruption. 
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“Lying on the surface of this deposit, especially on the 
slopes directed towards the fissure, fragments of consider- 
able size of various kinds of rocks were scattered about, 
and among these were masses evidently derived from the 
sinter of the terraces, and, from the manner in which 
these fragments appeared to occur in quantities where the 
finer dust had been blown fro the surface, it is probable 
that the lower layer of the deposit will prove to be com- 
posed of coarser material than the upper. The boundary- 
line of this dazzling white deposit is very distinctly 
marked. It can be well seen where it passes over Kakar- 
amea Mountain, dividing it, as it were, into two portions, 
one white and the other green. While traversing it we 
experienced a great downpour of rain, which formed the 
powdery material of the surface into little pellets ; but it 
did not appear to be very absorbent, or to show any 
tendency to work up into an adhesive material. This is 
very different from what may be termed “the grey 
deposit ” which is next to be mentioned, and which covers 
the country, from about two miles south of Wairoa, in a 
northerly direction towards the Bay of Plenty, as far as 
the Te Puke Settlement. This is the mud-forming depo- 
sit, and wherever it appears to have descended in a 
thoroughly pasty condition it coated the vegetation so 
heavily as to break limbs off lofty trees and to crush the 
smaller scrub flat simply by its weight. The sand, as 
already stated, appears to have fallen hot, so hot, indeed, 
as to set fire to the trees, the stumps of which were scen 
burning in many places; but there is nothing to lead us 
to suppose that this grey mud when it fell was even 
warm. 

“Tt has been suggested by some that this moist deposit 
was mud thrown out from the bottom of Rotomahana 
Lake ; but it is difficult to conceive how, in that case, it 
should have overleapt a strip of country four or five miles 
wide, where there is nothing but dry sand, before it 
reached Wairoa ; and I think that a more likely source 
for its origin is to be found in the sudden condensation of 
the front edge of the great vapour-and-dust cloud when it 
suddenly met the violent cold south-west gale which 
averted it from Rotorua and directed it towards the sea- 
coast, where it spread over the sky and caused the 
darkness that was experienced at Tauranga and all over 
the country to the eastward. The great volume of this 
dust-cloud was directed towards the East Cape, dropping 
over the country in that direction a comparatively heavy 
deposit of brownish-black dust, so coarse as almost to be 
sand ; while on its northern edge, as far east as Tauranga, 
the dust is of a light grey colour, and excessively fine in 
grain. A collection of all these different deposits has 
been obtained, and will be reported on as soon as the 
chemical analysis is complete. The impact of the moist 
deposit when it fell must have been very great, from the 
effects which it produced at Wairoa, where it appears to 
have attained its maximum thickness of about 12 inches 
in open level places free from any influence that would 
cause it to drift ; on the flat spur above the bridge at the 
outlet of Rotokakahi its depth was found to be g inches, 
and in the Tikitapu Bush 4 inches; and from that point 
it gradually decreased towards the north. The action of 
rain upon this mud rapidly converts it into a semi-fluid 
condition, in which state it slides off the hill-slopes and 
fills the low grounds and watercourses; and where it has 
been thickly deposited it will thus be a constant source of 
danger for some time to come, but where only an inch or 
so in thickness it will, I believe, rapidly disappear, and, 
excepting that it may for a time deteriorate the pasture 
and destroy the existing vegetation, it will in the long run 
be an advantageous addition to the light pumice soils 
upon which it has been deposited, owing to its slightly 
absorbent properties. As for the light deposit of dust, 
which fell in a dry state, there is very little doubt that it 
will be all washed off into the soil with the first heavy 
rains that come. The distance to which this fine dust 
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was carried was very great, exceeding at least 120 miles 
from the focus, in a direction between north and east ; 
and the time it remained suspended in the atmosphere 
was at least eighty-four hours, as we passed through it in 
the A/znzemoa when crossing the Bay of Plenty on the 
Saturday afternoon, as a peculiar yellowish fog, charged 
with pungent acid vapour and dust ; and on the following 
afternoon we recognised the same fog-cloud still sus- 
pended in the atmosphere towards the north-east. 

“WV. The Evolution of Steam.—The enormous volume 
of steam rising from the site of Rotomahana Lake gives 
rise to a pillar of cloud that is visible in all directions 
over the country, having a diameter of about an eighth 
of a mile, and rising to a height of not less than 12,000 
feet. Its effect is most impressive, especially in the 
morning and evening, when it is lighted up with gorgeous 
tints by the slanting rays of the sun when it is below the 
horizon, and all the surrounding landscape is in twilight. 
Although this steam-cloud receives rapid additions in its 
lower part from successive explosions, these do not gene- 
rate any rapid movement through the mass of the cloud, 
so that, if viewed from a distance, it appears to be almost 
solid and immovable, except the changes that are gradu- 
ally effected upon its lower portion by the movements of 
the atmosphere. 

“VI. Lhe Propagation of the Earthquake Tremors.— 
Earthquakes are the usual results of the violent con- 
cussions attendant upon violent outburst, and they afford 
the only clue which we can possibly have as to the depth 
below the surface of the earth at which the volcanic 
energy has been exerted. Thus, if the earthquakes are 
felt with only slightly-decreased violence to great dis- 
tances from the focus of disturbance, it would indicate 
that the disturbance is a deep-seated one. On the other 
hand, if the earthquakes, although extremely violent close 
to the focus, are only felt at a moderate distance, the con- 
clusion to be drawn is.that the forces at work are only 
superficial. All reports agree that at the Wairoa, about 
four miles distant, which is the nearest point to the 
eruption from which any persons have survived, the 
shocks of earthquake during the first phase were violent 
and continuous ; whereas at Rotorua, twelve miles dis- 
tant, they were comparatively slight. The great earth- 
quake at the commencement of the second phase appears 
to have been felt with considerable violence at Rotorua, 
and distinctly arrested attention for a distance of at least 
from sixty to seventy miles, but does not appear to have 
done any damage. 
“During our visit the earthquake shocks in the vicinity 

of Rotomahana were still frequent and violent, but at 
Rotorua they were only experienced as gentle undulations ; 
and I ascertained that they proceeded from the effects 
of the explosion from the Rotomahana fissure, and that 
the eruptions from the summit of Tarawera, which were 
clearly visible from Rotorua, did not produce the slightest 
apparent tremor at that distance. A few insignificant 
earthquake-rents were seen crossing the flats south of 
Kaitiriria, but only where there was a drop or unsupported 
bank. 

“VII. The Sounds.—The sounds produced during the 
eruption must have been, from all accounts, appalling to 
those within a moderate distance. The crackling thunder 
produced by the electrical discharges, the terrific roaring 
of the high-pressure steam escaping through the volcanic 
vents, were combined with terrifying effects. Much has 
been said about noises heard at Auckland, Wanganui, 
and other places. From the times mentioned, these 
appear to have been due to the reverberating reports 
accompanying the Tarawera outbreaks. Some of these 
noises may have been propagated through the atmosphere, 
and reflected to the earth from the under surface of the 
stratiform cloud-sheets that were widely spread in various 
directions over the colony on that morning. Others, 
again, may have been propagated through the earth. 



August 26, 1886] NATORE 393 

But I have been informed that at the whaling settlement 
of Tawaite, on the east entrance of Tory Channel, from 
six p.m. up to about eight p.m. on the evening of the 9th 
(the night preceding the eruption), loud booming reports 
were heard as through the earth. As these reports were 
previous to any symptom of the loud disturbances at 
Tarawera, this suggests that they may have resulted from 
a slight movement along the great fault-lines that traverse 
the North and South Islands in a north-easterly direc- 
tion ; and, in this case, the immediate cause of the Tara- 
wera outburst may be found in a local fracture resulting 
from such movement. 

“VIII. Premonitory Symptoms.—The only premonitory 
symptoms of the coming outburst which have been de- 
scribed were an oscillation in the level of Tarawera and 
Rotorua Lakes, and the occurrence of earthquakes for 
some months past in that district, where, as a rule, earth- 
quakes are rarely felt. But neither of these are very 
characteristic incidents, nor would it be safe on future 
occasions to base any expectation of an eruption on such 
phenomena alone. The increased activity of the geysers 
and hot springs during the past season has also been 
advanced as having been a symptom of an approaching 
outbreak ; but those who were most familiar with the 
district will agree that their variation was no greater than 
is usual under the influence of rapid changes of wind and 
atmospheric pressure. The reports of sympathetic out- 
breaks in other places along the line of volcanic energy 
from White Island to Ruapehu appear to be quite un- 
founded. The outburst has shown conclusively that the 
springs at Rotorua and Rotomahana are quite inde- 
pendent of each other, and of those at other places, thus 
confirming the observations made by Von Hochstetter 
long ago, that all the various points at which thermal 
springs occur are situated round the margins of lakes 
formed by subsidence of circular areas, and are not 
connected by an underground system of gravitational 
drainage. 

“IX. Conclusion.—From the foregoing sketch of the 
character of the eruption I think there can be little 
question that it is a purely hydro-thermal phenomenon, 
but on a gigantic scale; that it is quite local and not of 
deep-seated origin, and that all danger is past for the 
present, so far as one can venture to form an opinion on 
such a subject. The extraactivity of the wzas which has 
been observed is no doubt owing to the heavy rains that, 
on the 9th, set in after the longest period of drought 
which has been experienced in that district for many 
years, and probably the frequent earthquakes which have 
of late agitated the ground have contributed to this 
activity by stirring up the sources of the water-supply, 
and facilitating the access of drainage-waters to the 
sources of the heat. But beyond what may be accounted 
for in this manner I believe there is no increased dis- 
turbance at Rotorua, Wairakei, Taupo, and other places. 
The quiescent condition of Tongariro and Ngaurahoe 
was plainly shown by the manner in which we observed 
it to be enveloped in snow. Asa rule,on the scoria cone 
of Ngaurahoe, snow rarely lies, excepting in a few of the 
gullies, but melts almost as rapidly as it falls. On the 
morning of the 17th, however, the cone of Ngaurahoe was 
covered with a great mantle of snow; while the puzas on 
Tongariro showed less than their usual amount of steam 
escaping. The only fresh activity which may be reason- 
ably expected is that which I anticipate when sufficient 
rain has fallen to cause the overflow of Okaro Lake into 
the south end of the great fissure, as its former drainage 
outlet to the Rotomahana Lake appears to me to be com- 
pletely filled up. If this should occur, and a fresh ex- 
plosion takes place in consequence, it will be comparatively 
moderate in its effects, as, unlike Rotomahana, the soft, 
incoherent pumice deposits between the fissure and Okaro 
Lake are not sealed down by an enormous weight of 
siliceous sinter. 

“(For some time to come great variations must be 
expected in the activity of the newly-formed fuzas 
according to the manner in which changes occur in the 
atmospheric pressure ; but, unless it can be shown that 
any local change in the barometer is experienced which 
is not shared by the surrounding district, the barometer 
affords no indication as to whether an eruption is or is 
not imminent. One of the most unfortunate results of 
the eruption, in addition to the disastrous loss of life and 
the destruction of the country, is the disturbance of the 
sense of security which has grown up amongst those 
residing at the Hot Springs; and I believe that many 
persons are so thoroughly shaken by the horrors ex- 
perienced on the morning of the roth that they will not 
recover their equanimity until they have been for some 
time resident away from the sounds, smells, and shocks 
that characterise the district. “JAMES HECTOR” 

IN QUEST OF THE ORIGIN OF AN 
EPIDEMIC 

A our issue of the 8th ult. (vol. xxxiv. p. 213) we dwelt 
on certain general aspects of the reports lately laid 

before the President of the Local Government Board by 
the Medical Officer of the Department on milk-scarlatina, 
but these documents deserve more detailed consideration, 
for they show us our modern organisation for combating 
death and disease, by prevention, at its best. They show 
us, too, the men to whom the task of guarding public 
health is primarily committed at their best—patient, 
watchful, wary, tenacious of the thread of their investiga- 
tion, eliminating this or that doubtful element, until 
finally they have tracked their quarry to its lair. In 
reading Mr. Power’s report, we have been constantly 
reminded of that famous description of the contest be- 
tween the man and the gun in Hugo’s “ Toilers of the 
Sea.” Here the fight was man against disease, and the 
former has succeeded in his task. We shall endeavour 
in this article to show how Mr. Power, of the Local 
Government Board, succeeded in tracing, step by step, 
an epidemic of scarlatina to its source. 

On December 18, 1885, Mr. Winter Blyth, the Medical 
Officer of Health of St. Marylebone, reported to the 
Board an extensive outbreak of scarlatina in his district. 
This he believed to be associated with the distribution of 
milk from a certain retailer in South Marylebone, who 
obtained his supplies from two farms, but the occurrence 
of the scarlatina appeared to be coincident with the milk- 
distribution from a certain farm at Hendon. Mr. Blyth 
had himself visited this farm, and, with the assistance of 
Dr. Cameron, the Hendon Medical Officer of Health, 
had carefully examined it, but was quite unable to dis- 
cover in its sanitary circumstances or in the health of 
those employed about it any sort of clue to the cause of 
the infection of the milk, Accordingly he went with his 
story to the Local Government Board. It will be seen 
that Mr. Blyth had done his work exceedingly well: in 
one of the most crowded districts of London he had suc- 
ceeded in tracing the scarlatina to a farm at Hendon ; that 
is, he had made out a strong prima facte reason for sus- 
pecting this farm; he had put a clue into Mr. Power’s 
hands which he had not been able to follow any further 
himself. The first question for Mr. Power to answer was 
whether the Hendon farm was at fault or not. When this 
was answered it would be time enough to pursue the 
inquiry more minutely: it would be loss of time to try to 
dig out the fox unless it was first ascertained that he was 
in that particular earth. With this object, then, Mr. Power 
traced the milk from the Hendon farm to other milk-re- 
tailers in St. John’s Wood, St. Pancras, Hampstead, and 
Hendon itself. From each of these, except St. John’s 
Wood, the same story came. Until the end of November 
or beginning of December the district had for some 
months been exceptionally free from scarlatina, but about 
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this date the disease had suddenly and notably increased, 
a large proportion of the recorded cases having occurred 
amongst the customers of milk-retailers dealing in the 
particular Hendon milk. These facts strengthened the 
case against the Hendon farm, but did not by any means 
establish it, inasmuch as the retailers in question obtained 
their supplies from other farms as well, and although in 
two cases these were situated in widely different counties, 
yet the case against Hendon was still in the condition of 
not proven, more especially as the St. John’s Wood 
customers of that farm were certainly wholly free from 
scarlatina. Simultaneously with this investigation, another 
was being pursued at the incriminated dairy itself. But 
nothing was revealed here to show how the disease could 
be propagated from it as a centre. There was no scarla- 
tina, nor any illness at all like scarlatina, amongst the 
persons employed about the farm, or their families and 
neighbours, at any such time or in any such way as to 
influence the farm or its produce. This, then, was the 
state of affairs on December 23, or less than a week after 
Mr. Blyth’s report: there was a strong presumption 
against the Hendon farm, but outside human agencies 
had to be set aside as not having been operative. A 
thorough inspection of the farm itself was at once under- 
taken. Now it happened that the farmer in question, as 
well as one of the dealers who purchased from him, was 
particularly careful in all sanitary matters respecting his 
dairy. Every precaution had been taken by both to 
secure the farm and milk against any known sanitary 
fault or misadventure, and thus the inquiry advanced 
another stage. If the Hendon farm had caused the 
scarlatina, it did not do so in any commonly accepted 
way, such as through unwholesome conditions of water 
or drainage, or careless handling of milk or milk-utensils, 
by persons carrying scarlatina infection. This threw Mr. 
Power back on the theory of something in the cows 
themselves which caused the scarlatina to be distributed 
with their milk, and this formed his working hypothesis 
thenceforth. To discover this “something,” and to 
understand its nature, it was necessary to ascertain in 
detail every parallel between the doings at the dairy farm 
and the observed scarlatina. 

Here, then, we enter on the second and by far the 
most difficult stage of the investigation. The various dis- 
tricts supplied from Hendon were taken one by one; the 
quantities of milk obtained from Hendon by the dealers 
there, and by the same dealers from other sources, were 
ascertained ; the dates of the notable incidence of the 
disease among the customers, and the degree of incidence 
at one period and another, were carefully observed, and 
compared, with the following results :—(1) The disease 
commenced at one and the same time in the four districts 
supplied from Hendon, viz. South Marylebone, Hamp- 
stead, St. Pancras, and Hendon. (2) In South Mary- 
lebone the disease increased day by day with increasing 
force up to the date of the inquiry. (3) In Hampstead 
and St. Pancras there was a cessation of ten days after 
the first attack, and then a larger number of persons were 
taken ill, the attacks continuing up to the date of the 
inquiry. (4) In St. John’s Wood there was no scarlatina 
whatever down to the date of the inquiry, although the 
dealer there got five-sixths of his milk from Hendon. 
Were there any conditions in the farm operations parallel 
to these special phenomena? And first, was there any 
new condition pertaining to the cows coincident with 
the milk producing scarlatina at the end of November in 
four districts, continuously in South Marylebone, and 
after a break in the other three, while this condition was 
absent in the case of the cows supplying the St. John’s 
Wood dealer? A tedious inquiry into such circumstances 
as the food, calving, health, arrival and departure of cows 
proved barren of result; nothing could be heard of for 
some time that was new or changed. But at last it 
appeared that on November 15 three newly-calved cows, 
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purchased in Derbyshire, had com: on the farm, and four 
from Oxfordshire on December 4. The practice of the 
farm was to isolate or quarantine new arrivals for exami- 
nation for a week or ten days, and then to admit them 
into the stalls with the others. The cows on the farm at 
this period numbered 90 or 100, distributed in unequal 
numbers in three sheds, called the large, middle, and 
small sheds. The supply of the milk from the large. 
shed went to South Marylebone only; that from the 
middle shed partly to South Marylebone, partly to 
Hampstead and St. Pancras; and that of the small shed 
to the two latter places and to St. John’s Wood. So far 
we have this coincidence between the doings at the farm 
and the incidence of the disease—that the latter broke out 
after the time that the milk of the Derbyshire cows was 
added to the general stock, in three districts supplied 
from the farm ; and that St. John’s Wood, which did not 
receive any milk from the new arrivals, was free from 
scarlatina. 
We have now reached what may be called the third 

stage of the case. In the first, what Mr. Power calls a 
“ notable,’ and what lawyers perhaps would call a “ vio- 
lent,” presumption had been made out against the Hendon 
dairy ; in the second, a weaker presumption had been 
established against the Derbyshire cows which had been 
added on November 15, and whose milk began to be dis- 
tributed to the three affected districts, and not to St, 
John’s Wood, a few days later. But then, the facts of a 
continuous and increasing attack in South Marylebone, 
and the intermission of about ten days in St. Pancras 
and Hampstead, had to be accounted for, if the case was 
to be made out conclusively against the incriminated 
dairy. To deal with these, Mr. Power reversed the pro- 
cess hitherto pursued, which was that of pure induction 
from observed facts. He now employed the a prioré 
process, ana argued thus :—Taking the fact of uninter- 
rupted progress of the disease in South Marylebone, and 
of the lull of ten days in the other two, if the dairy at Hen- 
don be the cause of the outbreak, and if, as is most pro- 
bable, the different results produced by the milk from the 
same cows was due to a difference in the relation of the 
cows themselves within the business of the farm, then 
we should find at the latter—(1) a change in the manner 
of distributing the milk of the Derbyshire cows, and this 
probably consisting in placing them, or one of them, in 
the ‘‘large shed,” from which South Marylebone was 
supplied ; (2) about the second week in December (the 
date of the recrudescence of the disease in St. Pancras 
and Hampstead), some of the Derbyshire or of the Ox- 
fordshire cows, or some other cows which had been in 
close relation with them, were probably transferred to the 
“middle shed,” from which these two districts were, it 
will be remembered, supplied; (3) as St. John’s Wood, 
which was supplied from the “small shed,” was free from 
scarlatina, it should be found that none of the new cows, or 
any other cow in close relation with them, had been placed 
there. Now, were any arrangements at the farm found 
corresponding with any or all of these @ gréoré conclu- 
sions or probabilities? What was found on investigation 
was this: (1) The Derbyshire cows had _ been transferred 
towards the end of November into the “large shed ” (the 
source of the South Marylebone supply), and remained 
here at the date of the inquiry ; (2) the four Oxfordshire 
cows were transferred about December 11, two into the 
“Jarge shed,” and two into the “middle shed” (St. 
Pancras and Hampstead supply); (3) at no time had 
either the Derbyshire or Oxfordshire cows been trans- 
ferred to the “small shed” (St. John’s Wood). Here, 
then, both by positive and negative evidence, the presence 
of scarlatina in certain London districts was associated, 
first, with a particular dairy, and secondly, by a series of 
parallel events, with certain cows within that dairy. | 
Power, having reached this point, felt justified in assuming, 
until anything to the contrary should appear, the presence 
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of something in these cows competent to produce scarla- 
tina in persons consuming their milk, and the inquiry was 
narrowed to determining what this was. All comparison 
with former experiences was for the present left out of 
consideration, the investigation proceeding strictly on the 
circumstantial evidence obtained and obtainable. A con- 
sideration of all that had gone before, and the absence of 
any alternative, led to the provisional adoption at this 
point of a theory of disease in the cows, and the proba- 
bility was that this was an infectious disease, com- 
municable from cow to cow, a disease, moreover, the 
existence of which was compatible with the animal 
affected feeding well, and milking abundantly. 

The discovery of vesicles and ulcers on the teats and 
udders of cows in the large shed soon followed ; the first 
to show the disease was one of the Derbyshire cows, the 
second one from Oxfordshire. After this the matter 
passed into Dr. Klein’s hands; but with his report we 
have nothing to do here. A painful incident soon gave 
Mr. Power ample corroboration of the result which he 
had reached. The Marylebone dealer returned on the 
farmer’s hands, on December 15, all his milk from the 
Jarger shed, and this was destroyed by pouring it into a 
pit dug on his land. The news of the destruction of 
milk spread among some of the poor people of Hendon, 
and some of them succeeded by the favour of friends 
amongst the cowmen in obtaining some of it on December 
16. By the 20th scarlatina made its appearance amongst 
half-a-dozen of the families thus supplied. Conversely in 
South Marylebone about Christmas, when these Hendon 
families were falling ill, the disease ceased almost sud- 
denly, and there were no fresh attacks, except such as 
were referable to infection from previous sufferers. 

A thorough examination of all the cows showed that 
the disease had spread to every one of the three sheds, and 
the farmer was accordingly advised to seek out every cow 
then or afterwards affected with sore teats or udder, or 
any other ailment, to isolate her and keep all her milk 
out of the business, and prevent cowmen employed about 
the sound cows from attending the infected ones. These 
precautions were taken from January 1, and were barely 
in time to prevent an alarming increase of scarlatina in 
all the districts served from Hendon, including St. John’s 
Wood, where the appearance of scarlatina corresponded 
to a nicety with the appearance of the cow-disease in the 
animals in the small shed. The milk from the Hendon 
farm was ultimately given up by all the dealers con- 
cerned, with the result that scarlatina has disappeared 
from amongst the customers of the dealers here referred 
to in Marylebone, St. Pancras, Hampstead, and St. 
John’s Wood. The work of demonstrating the nature of 
the cow-disease, and its connection with human scarla- 
tina was not Mr. Power’s, and from him the matter 
passed on to Dr. Klein. The former had succeeded in 
gathering up and connecting the scattered links of a 
chain of presumptive evidence against certain cows so 
strong as to be unassailable ; and he had done this by the 
exercise of patience, sagacity, and acuteness which would 
have done credit to a great criminal lawyer weaving the 
web of circumstantial evidence around an unusually 
cunning forger or murderer. 

THE ORIGIN OF VARIETIES 

Se publication in the three last numbers of NATURE, 
by Mr. Romanes, of very important papers,! in- 

duces me to send the following lines as a contribution to 
the discussion upon them that is sure to ensue. He 
ascribes the origin of varieties to peculiarities in the 
reproductive system of certain individuals, which render 
them more or less sterile to other members of the com- 
mon stock, while they remain fertile among themselves. 

t | write from abroad, and have not 4 n yet seen the original memoir pub- 
lished by the Linnean Society. 8 ER 

I also have a theory which, while it differs much from 
that of Mr. Romanes, runs on curiously parallel lines to 
it, and was prompted by the same keen sense of an 
inadequacy in the theory of Natural Selection to account 
for the origin of varieties. I should not have published 
my views until they had been far more matured than they 
are had not the present occasion arisen. 

It has long seemed to me that the primary character- 
istic of a variety resides in the fact that the individuals 
who compose it do not, as a rule, cave ¢o mate with those 
who are outside their pale, but form through their own 
sexual inclinations a caste by themselves. Consequently 
that each incipient variety is probably rounded off from 
among the parent stock by means of peculiarities of sexual 
instinct, which prompt what anthropologists call endo- 
gamy (or marriage within the tribe or caste), and which 
check exogamy (or marriage outside of it). If a variety 
should arise in the way supposed by Mr. Romanes, merely 
because its members were more or less infertile with others 
sprung from the same stock, we should find numerous 
cases in which members of the variety consorted with 
outsiders. These unions might be sterile, but they would 
occur all the same, supposing of course the period of 
mating to have remained unchanged. Again, we should 
find many hybrids in the wild state, between varieties that 
were capable of producing them when mated artificially. 
But we hardly ever observe pairings between animals of 
different varieties when living at large in the same or 
contiguous districts, and we hardly ever meet with hybrids 
that testify to the existence of unobserved pairings. There- 
fore it seems to me that the hypothesis of Mr. Romanes 
would in these cases fail, while that which I have sub- 
mitted would stand. 

The same line of argument applies to plants, if we 
substitute the selective appetites of the insects which 
carry the pollen, for the selective sexual instincts of 
animals. Both of these, it will be remembered, are 
mainly associated with the senses of smell and sight. If 
insects visited promiscuously the flowers of a variety and 
those of the parent stock, then—supposing the organs of 
reproduction and the period of flowering to be alike in 
both, and that hybrids between them could be pro- 
duced by artificial cross-fertilisation—we should expect 
to find hybrids in abundance whenever members of the 
variety and those of the original stock occupied the same 
or closely contiguous districts. It is hard to account for 
our not doing so, except on the supposition that insects 
feel a repugnance to visiting the plants interchangeably. 

No theme is more trite than that of the sexual instinct. 
It forms the main topic of each of the many hundred (I 
believe about 800) novels annually published in England 
alone, and of most of the still more numerous poems, yet 
one of its main peculiarities has never, so far as I know, 
been clearly set forth. It is the relation that exists 
between different degrees of unlikeness and different 
degrees of sexual attractiveness. A male is little attracted 
by a female who closely resembles him. The attraction 
is rapidly increased as the difference in any given respect 
between the male and female increases, but only up toa 
certain point. When this is passed, the attraction again 
wanes, until the zero of indifference is reached. When 
the diversity is still greater, the attractiveness becomes 
negative and passes into repugnance, such as most fair- 
complexioned men appear to feel towards negresses, and 
vice versa. J have endeavoured to measure the amount 
of difference that gives rise to the maximum of attract- 
iveness between men and women, both as regards eye- 
colour and stature, chiefly using the data contained in my 
collection of “ Family Records,” and have succeeded in 
doing so roughly and provisionally. To determine it 
thoroughly, and to lay down a curve of attractiveness in 
which the abscissee shall be proportional to the amounts 
of difference, and the ordinates to the strength of at- 

“traction, would require fresh and special data that have 
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yet to be collected and discussed, and about which I will 
not now speak. Suffice it to say that such inquiries as I 
have made confirm, so far as they go, the reasonable 
expectation that some more or less regular curve will be 
found to exist in respect to any given quality or group of 
qualities. Each individual would possess his own character- 
istic curve, but the average of the tastes of many individuals 
would, as all statistical experience justifies us in believing, 
afford fairly constant data. These would enable us to argue 
out the hypothesis I have submitted, with mathematical 
precision ; at all events, with much more closeness of 
reasoning than is now possible. But this much may 
even now be averred: (1) That the existence of a law of 
sexual selection such as I have described, is probable ; (2) 
if it exists, it would have a powerful influence in rounding 
off any incipient variety that differed notably in any one 
particular or in any group of particulars from the parent 
stock ; (3) it would be favourable to the vigour of the 
variety, after it was once fairly started, by checking too 
close interbreeding. 

It must be borne in mind that differences overlooked 
by ourselves, who are singularly deficient in the sense of 
smell, and who are hardly able to distinguish without 
scr utiny even the sexes of some animals, may seem very 
considerable to the animals themselves. Also that the 
only differences that we are able to recognise between 
two varieties may connote a host of unseen differences, 
whose aggregate would amply suffice to erect a barrier 
of sexual indifference or even repugnance between their 
members. FRANCIS GALTON 

August 23 

NOTES 

THE Local Committee of the Birmingham meeting of the 
British Association has issued a descriptive programme of the 
excursions which have been arranged for Saturday, September 

4, and Thursday, September 9. The programme coyers 120 

pages, and has been compiled by several specialists with the 

greatest care. There are twenty-seven excursions in all, besides 
a geological excursion to the Lower Palzeozoic district of Shrop- 

shire. This excursion will last six days, from September 9 to 

September 15. Prof. Lapworth will take the leadership. 

THE French Association for the Advancement of Science has 

concluded its annual meeting at Nancy, after having resolved 

that the 1888 session will be held in Oran, Algeria; Col. 
Laussedat has been elected President for that meeting. The 

1887 session will be held in Toulouse, as decided at the last 
meeting. 

Ar the Buffalo meeting of the American Association it was pro- 
posed to devote especial attention to the study and discussion of 

the interesting phenomena of the Niagara Falls and the gorge 

below. On Friday, August 20, one or more preliminary papers 
of an expository and suggestive nature were to be given, in- 

tended to prepare the way fora short field-study of the Falls and 
the gorge, which occupied Saturday. Monday forenoon would 

be deyoted to the discussion of the gorge and the problems to 
which it gives rise. A new survey of the Falls has been 
arranged for, so that a considerable addition to the data for the 

computation of the rate of recession will be at command, and it 

is expected that new observations in other important lines bear- 
ing upon the chronology of the gorge will be presented, and 
will throw fresh light upon the history of the formation and 
recession of the Falls, and upon the utility or untrustworthiness 
of the gorge as a geological measure of time. 

WE learn that the Lick Trustees—after a most thorough dis- 
cussion of the various plans and specifications submitted for the 
mounting of the 36-inch refractor of the Lick Observatory and 

for the steel dome to cover the same, and with a special con- 

butterflies in the Society’s collection, with notes. 

sideration of the element of time, which circumstances now 

make one of vital interest to the work—have let the contract for 

the former to Warner and Swasey of Cleveland, Ohio, for | 

42,000 dols., and the contract for the latter to the Union Iron- 

| 

sean “eet ln, 

Works of San Francisco for 56,850 dols. The Trustees acknow- | 

ledge the very prompt and courteous manner in which Mr. Grubb 

has responded to their invitation, and the very great disadvantage 

to which he has been put by the remote situation of his works 
from California, &c. The President of the Trustees has stated 

that he believes that Mr. Grubb’s idea of an elevating floor in 
principle offers the best solution yet submitted of the very diffi 
cult problem of a convenient chair for the observer with so large 

a telescope. The method of elevating the floor will have to be 
adapted to the peculiar circumstances of the site of the Lick 
Observatory, and the means to be commanded there with its 

very limited water-supply. This subject is now being carefully 

studied, and so far the only apparent obstacle to the adoption of 
Mr. Grubb’s plan is the question of cost. 

WE have to record the death, at Tomsk, of Alexander 

Krapotkin, on August 6, at the age of forty-five years. M. 
Krapotkin had done some good work for science in Russia. He 
had translated into Russian Mr. Herbert Spencer’s ‘* Principles 
of Biology,” and Clerk-Maxwell’s ‘‘ Theory of Heat,” and for 
several years contributed to Russian periodicals reviews of the 
progress of physical astronomy, much valued by Russian astro- 

nomers. In 1874 M. Krapotkin was exiled to Minusinsk in 
East Siberia, and there he helped Dr. Martianoff to organise a 
local museum ; and for several years carried on meteorological 
observations, which were printed by the Kazan Society of Natu- 
ralists. _ His most important work, however, was a critical 
investigation of all our present knowledge of the stellar systems 
and constitution of stellar groups. Every known source in every 

European language was ransacked for data, though the difficulties 
he encountered in his peculiar position prevented him from 

bringing his work down to a later date than 1879. He hoped 
to complete the work, and publish it, after his expected libera- 
tion in September. His untimely death has put an end to this 
hope. 

WE have received the third number of the Yournal of a 

Society recently founded in Bombay, called the Natural History 
Society of Bombay, which, though it is young, appears to have 
abundant vitality. There are already several learned societies 
in India and Ceylon, all of which appear to be very successful ; 
but the field is so vast and varied, and the number of men, 

servants of the.Crown and others, capable of doing good work 

is so great, that it is impossible to have too many of these 
associations, and accordingly we welcome the new Society, and 

are glad to notice the energy it displays. In the number of the 
Fournal before us, Capt. Becher describes the life (mainly the 
bird-life) of a Sind lake, Manchar, near the Indus ; “* A member 

of the Society” similarly compiles some notes on animal/ife in 
the rivers of British Deccan and Kandesh. Mr. Sterndale, one 

of the editors, has a paper, with illustrations, on abnormalities — 

in the horns of ruminants, in which he expresses the opinion 
that there is neither persistence nor transmission in the abnor- 

malities of antlered deer, but that they must be persistent in the ~ 
case of hollow-horned ruminants, and that in the latter case the ~ 

adage is true: ‘‘ As the twig is bent, so is the tree inclined.” 
Mr. Aitken, the second,editor, publishes a list of the Bombay 

The collec- 
tion appears to be far front complete in any direction, Dr. 
Kirtikar describes a new species of Alga (Conferva thermalis 
Birdwoodit), discovered among the hot-water Algz in the hot 
springs of Vajrabai. There are, in conclusion, various zoological 

and botanical notes, and a list of presentations to the Society, — 

which we notice in order to mention that they appear to be of 
great number and variety. One present is a collection of 105 | 
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birds. 

porters, 

The new Society evidently has many friends and sup- 

Amoncst the great number of publications which are received 

from time to time from the Smithsonian Institution, two 

which have lately been issued help better perhaps than any- 

thing else to show the magnitude of the work of the Institution 
asa disseminator of scientific knowledge—a work, moreover, 

the sphere of which is limited only by the civilised world. The 
first of these is the list of institutions in the United States re- 
ceiving the Smithsonian publications. The latter ‘‘are so dis- 

_ tributed as to be accessible to the greatest number of readers,” 
and the rules for distribution are accordingly of a very elastic 
kind, giving abundant discretion to the authorities, The pub- 

lications are divided into three classes: (1) the reports ; (2) the 

miscellaneous collections ; (2) the contributions to knowledge. 

Of these, one, two, or all classes are distributed according to 

the demands of the neighbourhood to which they are sent, and 

all that is required in return is that they be ‘‘duly acknow- 
ledged, be carefully preserved, be accessible to any person who 
may wish to consult them, and be returned to the Smithsonian 

Institution in case the establishment at any time ceases to exist.” 
The list of institutions in the United States receiving the pub- 
lications under these conditions fills a pamphlet of about seventy 
pages, and numbers nearly 2000. They include various classes 

of schools and colleges, literary and scientific institutes, learned 

societies, public libraries, hospitals, &c., in wonderful variety. 

In looking through the list it is impossible not to recollect the 

trouble with which a few of our own public institutions suc- 
ceeded last year in getting some of the Parliamentary papers 

ublished by the Government. 

THE second publication to which we have alluded is the 
Smithsonian list of foreign correspondents, in other words, of 

institutions outside the United States to which the Institute’s 
publications are sent. These reach the enormous number of 7969, 

every country on the globe with any pretence to civilisation 

being represented. It thus appears that an ordinary Smithsonian 
Report has a free circulation of about 10,000, and is spread all 
over the globe, from Pekin to Valparaiso, from Iceland to New 

Zealand. The exchange department of the Smithsonian is 
certainly not the least marvellous part of a marvellous institu- 

tion. 

CCORDING to the latest consular report from Newchwang, 
in Manchuria, Seoul, the capital of Corea, is now in telegraphic 
communication with Pekin, and so with the outer world. The 

line runs through Moukden. Six years ago no European was 
allowed to visit Corea, and those who ventured to disregard 

Corean seclusion generally paid for their temerity with their 
lives: to-day a merchant in London might telegraph direct to 

_ the capital of the Hermit Kingdom. 

A SHOCK of earthquake was experienced on Friday evening 
at Kilsyth, a mining town situated in Stirlingshire, about thirteen 

miles from Glasgow. About 9 o’clock a sharp rumbling noise 
ot a few moments’ duration was heard over the greater part of 
the town. Much vibration was noticed in many houses at the 

same time. People ran immediately into the s'reets, not know- 
_ ing what had occurred, and many rushed off to the Craig Ends 

and Haugh pits, situated to the east and west of the town, 

thinking that one or the other must haye been the scene of a 
great disaster. The shock was most distinctly felt in the north- 

east portion of the burgh. The weather at the time was close 

and dull. 

ANOTHER slight shock of earthquake was felt at Malta at 
8.30 a.m. on August 19. The captain of a steamer 

which arrived there on the 18th, officially reports that at 
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something like a blaze of fire coming out of the water. It 
was about 30 feet wide and rose to roo feet above the water, 

and disappeared at once. The position of the steamer at the 

time was about 200 miles eastward of Malta. The blaze was 

observed at the head of the ship, and those on board were cer- 

tain that it was not lightning. 

A CURIOUS result of the volcanic eruption in New Zealand 

(according to the Colonies and India) is alleged to have been 

found in the sudden breaking up of the drought in Australia. It 
is said that the great Java earthquake of 1883 was the immediate 
forerunner of a long spell of dry weather in Queensland in that 

year, and that a welcome fall of rain in the same colony followed 

immediately upon the eruption of Mount Tarawera. 

Mr. F. W. Purnam’s last report of the explorations which 

he is conducting with Dr. Metz in Ohio for the Peabody Museum, 
deals with what is called the Marriott Mound, No. 1, forming 

part of the Turner group in the Little Miami Valley. The 

report describes with great minuteness the various objects found 

in this mound, of which numerous illustrations are given. The 

find was a rich one. The mound, though it had been ploughed 
over, was 2 feet high and 60 feet in diameter at the time of the 
examination. In the centre was found a mass of burnt clay in 
the shape of a basin, 2 feet in diameter, containing ashes, char- 

coal, burnt bones, pottery beads, and various shells used as 

ornaments. About 600 fragments of pottery, from 2000 to 3000 
broken and split pieces of bones of animals (chiefly the deer and 
bear), shells of river clams, several objects in bone and stone, 

and some human remains, were amongst the objects found in the 

mound. Of the latter the principal were a perforated skull, 

yarious bones belonging to a different skeleton, a third skeleton, 

partly| covered by a large hammered copper plate, and a fourth. 

which was apparently that of a woman, with numerous personal 

ornaments near it. Mr. Putnam’s report is confined to a bare 

description of all these and other objects found, and of their 
precise situations in the mound with regard to the basin in the 

centre and to each other. 

Ar the annual meeting of the Royal Society of Queensland, 

held at Brisbane on July 2, the President, Mr. L. A. Bernays, 

delivered an address in which he gave a brief rés4vé of the work 

of the Society during the past year, its meetings, and the publi- 

cation of the papers read on these occasions, the endeavour to 

assist in the exploration of New Guinea by organising a fund for 

the benefit of the Forbes Expedition ; the efforts to encourage 

special scientific pursuits amongst the members by the admission 

of Sections into its constitution. Finally, having dwelt on the 

importance of the conduct by the State of systematic instruction 

with the immediate object of fostering numerous industries which 

the marvellous range of soil and climate of the colony is capable 

of calling into existence, occasion was found to dwell on the 

value of technical and industrial botany, and the importance of 

its recognition in the plan and management of the colonial 

botanical gardens, and in the selection generally of objects 

publicly displayed for educational purposes. With regard 

to the Forbes Exploration Fund referred to by the Presi- 

dent of the Queensland Royal Society, in December last 

Mr. H. Tryon suggested to the Council of the Society that 

such a fund should be opened in Queensland. This was 

done, and at the time it was closed 94/. was raised. Subse- 

quently a further appeal was received on behalf of Mr. Forbes, 

whose operations had been suspended. This led to the fund 

being reopened, with the result of additional subscriptions being 

received, raising the total to 1452. 10s. For a Society which is 

quite young, and the total income of which is but little over 

roo/. per annum, this is a considerable donation to Mr. Forbes’s 

work, even though Queensland has a special interest in New 

about 9 o’clock on the evening of the 17th inst. he observed | Guinea. 

i 
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THE additions to the Zoological Society’s Gardens during the 
past week include an Egyptian Gazelle (Gazel/a dorcas) from 
Egypt, presented by Capt. Robbins; two Red-under-winged 
Doves (Leptopila rufaxilla) from Guiana, presented by Mr. S. 
Wells ; a Barn Owl (Strix flammea), British, presented by Sir 

Henry Tyler ; two Great Eagle Owls (Bubo maximus), bred in 

Shropshire, presented by Viscount Hill ; three Yellow-headed 
Conures (Conurus jendaya) from South-East Brazil, presented 
by Mr. C. Rudge ; a Raven (Corvus corax), British, presented 

by Mrs. Tatham ; a Martinique Gallinule (Porphyrio martinicus) 

from South America, presented by Mr. J. M. Booker; two 
Common Boas (Sea constrictor) from South America, presented 

by Mr. T. H. Church ; a Common Viper ( Vigera berus), British, 

presented by Mr. R. B. Spalding; four Ruscon’s Newts (J/o/ge 
vusconi) from Sardinia, presented by Prof. H. H. Giglioh, 

C.M.Z.S.; two Black-eared Marmosets (Hafale fenicillata), a 

Feline Dourocouli (Myctipithecus vociferans), two Yarrell’s 
Curassows (Crax carunculata), two Magpie Tanagers (Ciéssofis 
Jeveriana), two Ariel Toucans (Ramphastos ariel), two Laughing 

Gulls (Zarus atricilia), a White-faced Tree-Duck (Dendrocygna 

viduata) from South-East Brazil, purchased ; three Aldrovandis 

Skinks (Plestiodon auratus) from North-West Africa, two 

Common Slow-worms (Axguis fragilis), British, received in 

exchange ; six Ribbon Snakes (7yofidonotus saurtta), born in 

the Gardens. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 AUGUST 29—SEPTEMBER 4 

{ FOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on August 29 

Sun rises, 5h. 9m. ; souths, 12h. om. 46'9s.; sets, 18h. 52m. ; 
decl. on meridian, 9° 18’ N.: Sidereal Time at Sunset, 
17h. 24m. 

Moon (New) rises, 4h. 51m. ; souths, rrh. 58m. ; sets, r8h. 52m. ; 
decl. on meridian, 9° 21’ N. 

Planet Rises Souths Sets Decl. on meridian 
m. h. m h. m. 5 anh 

Mercury 337 “sen TORS4) S.c) Ser Seemed N. 
Wenusemeees 27d: = eo TON 7; 18 6) i ease N. 
Mars IO 45 15 38 20) 31) sc. -saige4o'S. 
Jupiter... 8 5 13 59 LOG) bts | 2. ISR 
Saturn... o 46 8 51 101.57 Siccemmctaey: IN. 

Occultation of Star by the Moon (visible at Greenwich) 
Corresponding 
angles from ver- Sept. Star Mag. Disap. Reap. texitoeht for 

inverted image 
: heen h. m. a io 

3)s-0 y Libre ... 44.25 20 10)... 22) 13) Seema gn273 

August 29.—Total eclipse of Sun: not visible in Europe: 
‘The central line crosses the West Indies, the Atlantic, and 
Southern Africa. The members of the British Expedition are 
prepared to observe the eclipse at Grenada, one of the Windward 
Isles, where the eclipse will occur soon after sunrise, having a 
duration of totality of about 4 minutes. In mid-Atlantic the 
duration will be 6 minutes. In Africa the eclipse occurs near 
to sunset, with a duration of totality of about 4 minutes. 

Sept. h 
2 .. If ... Mercury at greatest elongation from the Sun, 

18° west. 

Variable Stars 
Star R.A. Decl. 

hs sm. ‘ ne 0 
WW Cephei 7 3.) 0 52°2):° (8 TON, .-. Sept alzomey) 772 
U Ophiuchi... ... 17 10°8 I 20N, 5 Le 772 

2I 30 m 

W Sagittarii 07, 57 8)--9129 35 9: 33) 2 LOMEO! 772 
aisSerpentis:.,., ac kOu2geg 5 1003, Newe goes M 
7 Aguilz sss 19 46:7... 0 43 N. ... Aug. 20) 21870 AT 
R Vulpecule ... 20 59°3 ... 23 22 N. ... Sept. 3, m 

M signifies maximum ; 7 minimum. 
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Meteor Showers 

Amongst the radiants that have been observed at this season” 
are the following :—Near y Pegasi, R.A. 6°, Decl. 11° N. ; near 
w Cygni, R.A. 306°, Decl. 54° N. ; near A Cygni, R.A. 311°, 
Decl. 35° N. ; near « Cephei, R.A. 335°, Decl. 52° N. 5 and | 
near B Piscium, R.A. 345°, Decl. o°. Fireballs are of iam 
occurrence during this week. \ 

Stars with Remarkable Spectra 
Name of Star R.A. 1886'0 Decl. 1886*o Type of 

hs Sm: 3s: 2 spectrum — 

71 Pegasi ... 23 27 46 aT iS2°ayNiieess Ill. 
19 Piscium 23) 40134) 2.) 02) hwsge Nene IV. 
@ Pegasi ...  «.. 23, AGHA... AUS) 2Oi2INiey ers Ls 
D.M. — 0° 4585 23) 48555 o. 0 3NiO Se Ill. 
30 Piscium : 22056. 07a 10385 9).5 : TED 
47 Piscium © 22) 16h Lets ON, Ill 
57 Piscium © 40 34 ... 14 51°2N IIL. 
7 Schjellerup TOF 40 0-25) Os0WN) TV 
R Piscium I 2445)... (207 56UN. Ill. 

GEOGRAPAICAL NOTES 
; 

IN a lecture delivered at Cooktown (published in the Daddy . 
Observer of Brisbane), Mr. H. O. Forbes described his work in 
New Guinea during the six months he remained there. He set 
up his winter camp at Sogere, three days’ march from the coast, 
though only 25 miles in a straight line, on the slope of a steep 
mountain. His work here was varied and important. The 
meteorological station which was erected was placed under the 
charge of Mr. Hennessy, and the observations were continued 
down to the end of his stay. These consisted of records of the 
mercurial barometer, maximum and minimum, dry- and wet- 
bulb thermometers, and rainfall, and were recorded without 
interruption six times in every twenty-four hours. The mass of 
observations thus accumulated will take a considerable time to 
tabulate, especially those referring to the atmospheric humidity. 
Then there was the collecting of zoological and botanical speci- 
mens. A large portion of the herbarium consists of giant trees of 
the forest. It contains about one thousand specimens, one 
set having been sent to Baron von Miiller to Melbourne. 
A great part of Mr. Forbes’s own time was devoted to the sur- 
vey and delineation of the geographical features of the country. — 
He obtained angles from about fifty different stations and 
established a base of several miles in length, on which he had 
hoped to found the triangulation of the country between Sogere 
and Owen Stanley, and the north-east coast. He also paid a 
visit to the latter place, and there, as elsewhere, with a little 
management, found the natives extremely friendly and well- 
disposed. When Mr. Forbes found his funds failing, he deter- 
mined, with Mr. Chalmers,-on making a dash for Mount Owen 
Stanley, but the natives who were to have aided him fled in the 
night, apparently on account of the terrors inspired by the 
journey. He only got as faras Kaukari, a village two days’ 
journey beyond Sogere. He says that no words can give a true 
idea of the break-neck, shattered, disrupted condition of the 
country between Sogere and the central ridges. Beyond the 
natural obstacles, however (and they appear to be very great), 
there appears no reason why British New Guinea should not be 
thoroughly explored, provided the natives are treated with 
conciliation and tact. J 

THE Hon. Duncan Gillies, Premier of Victoria, has received 
a deputation, consisting of members of various learned societies, 
who urged the expediency of Antarctic exploration. The depu- 
tation represented that whale-fishing would make the enterprise 
remunerative, but at the same time asked the Victorian Govern- 
ment to give encouragement to the project. The Premier, in 
reply, said that the Government would be willing to grant a sub- 
sidy to aid scientific discovery, and that he would ask the other 
colonies to do the same. In the meantime he would instruct the — 
Agent-General in London to inquire whether steam-whalers 
would be disposed to embark in the enterprise, and what subsidy 
would be required. 

THE annual meeting of the Association of Swiss Geographica 
Societies took place at Geneva, at the same time as that of the 
Society of Natural Sciences. Prof. Chaix was President. Geo- 
graphical Societies exist now in Geneva, Berne, St. Gall, Aarau, - 
and Neuchatel, and others are about to be established in Zurich, 
Basle, and Lausanne. Those in existence count altogether more 
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than a thousand members. The paper which attracted most 
attention was one by Prof. Forel, on Lake Leman. He gaye an 
historic sketch of the examination of the bed of the lake from 
Delabéche in 1819 down to the present day, from which it ap- 
peared that the knowledge of the central portion is very incom- 
plete, while the rest of the lake is now well known. It is clear 
that there are two parts in the lake of wholly different character 
—one small and shallow, the other large, deep, and Alpine in its 
character. These two are separated by the Yvoise bank or bar, 
which is really a glacial moraine, as shown by the flints dredged 
up. These fragments of rock, found sometimes at a depth of 61 
metres, are covered with moss of a beautiful green—a fact which 
appears to demand a reconsideration of the theory that light will 
not penetrate to more than 25 metres. A discovery in connec- 
tion with the lake which M. Forel regards as a most interesting 
one in physical geography is that of a sub-lacustrine ravine 
through which the Rhone flows. Prof. Forel’s long and laborious 
study of the lake entitled him, the President said, to the title 
“Prophet of Leman.” Dr. Dufresne described the orohydro- 
graphy of Brazil, and M. Brun recounted his adventures on the 
Gran Chaco. The Association discussed at some length various 
questions connected with the teaching of geography, especially 
‘the compilation by the allied societies of a manual of geography, 
and the establishment of geographical museums, 

THE current number of the Verhandlungen of the Berlin 
Geographical Society (Bd. xiii. No. 6) contains two papers on 
the Congo region : one by Dr. Biittner on his journey from San 
Salvador to the Quango, and thence to Stanley Pool ; the other 
by Lieut. Kund, who, with Lieut. Tappenbeck, was sent out 
by the German African Society in 1884. Their task was to 
explore the southern tributaries of the Congo, and to study their 
navigable qualities between Koango and Kassai. The length of 
the journey was, in all, 800 German miles, of which 340 was by 
water, and 460 by land. They succeeded in finding, between 
Koango and Kassai, three navigable rivers, the Wambu, Saie, 
and Kiulu ; and they regard Lukenje, with its people, as practi- 
cally a new discovery in the Congo basin. Dr. Joest writes on 
Minahassa, a peninsula in the north-east Celebes. 

THE Zeitschrift (Bd. xxi. Heft 3) contains less matter of 
specially geographical interest than usual. A short paper, with 
an excellent map, discusses the improvements, which appear to 
have been great, made in recent years in roads and other means 
of communication in Asiatic Turkey. The greater part of the 
number is occupied with an exhaustive examination, by Herr 
Jung, of the census of India for 1881. The only real geo- 
graphical paper is a summary of the report presented to the 
Brazilian Government on the surveys made for the purpose of 
the frontier between that empire and Venezuela. 

THE last number of the Zzves¢éa of the Russian Geographical 
Society (1886, ii.) is of great interest. It contains a beautiful 
map of the upper course of the Amu-daria, on the scale of 20 
miles to an inch, including the space between the 36th and qtst 
degrees of latitude, and the 66th and 76th degrees of longitude. 
The whole of the Pamir appears on this map according to the 
recent surveys and barometric levellings of the Pamir Expedition, 
while a number of other surveys, including those of M. Kosya- 
koff (who accompanied Dr. Regel), the astronomical determina- 
tions of MM. Scharnhorst, Bansdorf, Schwartz, Skassi, Putyata, 
and Mr. Forsyth, as also the sketch map ‘“‘of M. S. in and 
around Badakshan,” have been taken into account. The same 
issue contains a very interesting paper by M. Grum-Grzymailo 
on the Pamir region ; a paper, by M. Makaroff, on the double 
currents in straits, and especially in the Bosphorus (being a 
summing up of papers on this subject published in the JZemoirs 
of the St. Petersburg Academy of Science) ; a most interesting 
account of the earthquakes at Tokmak in 1885; and, finally, 
the minutes of the proceedings of the Society brought up to a 
recent date, that is, embodying the sittings of the Society and its 
Sections as far as April last. 

THE last issue (Nos. 5 and 6, 1885) of the Yournal of the 
North China branch of the Royal Asiatic Society has a paper 
by Mr. Phillips on the seaports of India and Ceylon, described 
by Chinese voyagers of the fifteenth century, with an account of 
Chinese navigation. It is illustrated by a very curious old chart 
said to have been used by Chinese sailors who visited these 
distant places. In the present paper the route from Sumatra by 
the Nicobars to Ceylon is described ; at a future time the writer 
will continue the maps to Arabia and Persia. The method of i 
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navigation by star charts, one of which is given, is very interest- 
ing. The whole paper shows that the Chinese visited these seas 
long before European nayigators found their way there. 

THE INSTITUTION OF MECHANICAL 
ENGINEEERS 

THE summer meeting of this Institution for the reading and 
discussion of papers was held on the mornings of the 17th 

and 18th inst., at the Theatre of the Institution of Civil 
Engineers. On the afternoons of these days, and on the 19th 
and 2oth, various works in and about London were visited. The 
Institution was entertained three years ago by the Belgian 
Engineers at Liége, and on this occasion Belgian Engineers 
have enjoyed the hospitality of the London members of the 
Institution. 

The proceedings commenced with a few introductory remarks. 
and a welcome by the President, Mr. Jeremiah Head, after 
which he read an address, taking as the text of his discours2 the 
“Depression of Trade,” to which Dr. Percy referred at the 
meeting of the Iron and Steel Institute in Glasgow last 
autumn, attributing it to over-production. 

Mr. Head drew attention to the circumstance that mechanical 
engineers had done their utmost to make possible what had 
actually occurred, illustrating his remarks by recalling to the 
minds of the members some of their recent visits to works in 
various parts of England, where ‘‘ the advantages of adhesion to- 
a few types, and to but a few sizes of each type, of working to 
gauges throughout, of the piece-work system, of making for 
stock as regards all details, and taking from stock when erecting 
so as to avoid delays, impressed themselves strongly upon the 
members, who realised what rapid strides had been made in the 
direction of increased production at diminished cost.” He 
instanced a steam-navvy, which was capable of doing the work 
of 80 to 120 human navvies, thus turning them into the ranks of 
the unemployed, and the flooding of our markets with American 
and Swiss watches, which, according to the evidence of a 
Liverpool watchmaker, was killing the British industry. The 
probable causes of these unfortunate circumstances were ‘‘ diffu- 
sion instead of concentration, and adherence to old habits in- 
stead of quick appreciation of new and better ones.” 

Passing from the subject of the aid rendered by mechanical 
improvements towards over-production, the speaker referred to 
various commodities we send abroad as affecting our trade. 
“Some of these commodities may, in their production and sale, 
beneficially affect us now, and may also bring other benefits 
in the future ; others may be profitable for the time being, but 
may tend to destroy future trade.” 

The address was listened to with interest and attention by the 
members, the meeting being one of the largest that has taken 
place in the metropolis for some time. 
Two papers only were read on this occasion, the one by Mr. 

Borodin, of Kieff, and the other by Mr. Sandiford, of Lahore, 
both being on the working of compound locomotives, Mr. 
Borodin’s paper also having reference to steam-jacketing. Mr. 
Borodin employed Mr. G. A. Hirn’s system of investigation, 
with some modifications necessary to adapt it to locomotives 
working without condensation. Tests were first made in the 
locomotive testing-shop, where there was no dynamometer, and as 
only 90 per cent. could be utilised, high grades of expansion and 
comparatively low pressures had to be employed. The arrange- 
ments made were very complete ; pressure-gauges and counters 
were observed, and indicator-diagrams taken at frequent inter- 
vals, the readings of which were tabulated. The results of each 
one and of all the tests, without exception, indicated a decreased 
consumption of moist steam when the jackets were working, the 
effect of the jackets including a decrease in the quantity of steam 
condensed during admission. a decrease in re-evaporation of 
water during expansion, and an increase of mean pressure in the 
cylinders. When variable rates of expansion were employed it 
was found that the consumption of steam per effective horse- 
power was larger at the higher rates of expansion, from which 
the conclusion may be drawn that when cylinders are too large 
they prevent economy in the consumption of steam. 

The second set of trials was made with experimental trains, 
on ordinary and compound locomotives respectively, with jackets 
working and not working, but unfortunately as regards these 
experiments ‘‘the great want of success in the attempts to 
measure the quantity of water condensed in the jackets, as well 
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as the impossibility of selecting a representative diagram of the 
mean work of the steam that should be sufficiently accurate for 
showing the mean power developed in the cylinders during the 
whole of the test, rendered it hopeless to estimate the effect which 
the jackets had upon the state of the steam in the cylinders.” 
The comparisons were on this account only available with tests 
made when the jackets were not at work. The following were 
the final conclusions arrived at :—For the same consumption of 
water and fuel per hour, the work done by the compound engine 
is greater than that done by the ordinary engine; for the same 
boiler-pressure and the same speed, the increase of work done 
by the compound engine compared with ordinary engines 
diminishes in proportion as the total consumption of fuel and 
water increases. 

Mr. Sandiford’s experiments were made on two locomotives 
which had been sent into the shops for heavy repairs, both of 
them requiring new cylinders. One was arranged with two high- 
and two low-pressure cylinders, and the other with one high- and 
one low-pressure cylinder. The compounding of both locomo- 
tives was attended with economy in consumption of fuel, and 
they were decidedly more powerful than the original engines 
had been, whilst from the drivers’ point of view they were not 
more complicated. 

The views held by the members taking part in the discussion 
agreed generally with those of the authors of the papers as 
regards the benefits both of jacketing and of compounding 
locomotives. 

After the close of the discussion, the members visited various 
works in and around London, amongst those most favoured 
being the Royal Mint, Lambeth Pottery, the Royal Small- 
Arms Factory (Enfield), the Royal Arsenal (Woolwich), Beckton 
Gas-Works, the Royal Victoria and Albert Docks, Tilbury 
Docks, and the Crossness Sewage-Works of the Metropolitan 
Board of Works. 

PROGRESS OF CHEMISTRY AND 
MINERALOGY 

M FRIEDEL, President of the French Association which 
* met recently at Nancy, gave an address on the progress of 

chemistry and mineralogy. After briefly referring to the ravages 
made by death amongst the founders of the Society, and to the 
prospect of its amalgamation with the Scientific Association 
of France, M. Friedel proceeded to remark that the pro- 
gress of chemistry during a period of thirty years had been set 
forth with masterly clearness and attractive eloquence by the 
late M. Wurtz at the gathering held at Lille in 1874, and two 
years later at the Clermont Conference. The theoretical con- 
quests resulting in the discovery of the brilliant coal-tar dyes, 
the reproduction of alizarin and the other colouring substances 
of madder, of vanilline (the odoriferous principle of vanilla), of 
indigo, of the tartaric and citric acids, &c., continue their pro- 
gressive and pacific career. 

The study of countless artificial compounds brings us daily 
nearer to the natural compounds that have not yet been repro- 
duced, and the most important alkaloids, such as quinine and 
morphine, seem already almost within the scope of synthetical 
chemistry. The work that has been undertaken in their regard 
resembles that of architects engaged in raising stone by stone 
the plan of some edifice at once of intricate design and difficult 
access. 

This plan once securely established, the reconstruction of the 
building itself will no longer lie beyond the power of those 
regular synthetic methods which are daily acquiring greater 
expansion, It will soon be a mere question of patience and 
intelligent work, and the time is approaching when quinine and 
morphine will be produced as readily as alizarin now is. Nay 
more, there is reason to hope that besides the natural alkaloids 
others will be obtained endowed with valuable therapeutic pro- 
perties. While endeavouring to reproduce atropine, whose 
synthesis he afterwards succeeded in making, M. Ladenburg 
has obtained homatropine, which produces physiological effects 
sufficiently distinct to claim, side by side with its homologue, a 
place amongst the agents employed by oculists. Other less suc- 
cessful essays have also shown in the derivatives of quinoline 
that patients have perhaps been somewhat prematurely treated 
with agencies producing a vigorous and very special action on 
the organism. 

Ifsynthetic chemistry has a bright future, we shall also doubtless 
see the development of another branch of chemistry which has 

hitherto been comparatively neglected, after having been held in 
honour at the beginning of the century, and found in Braconnot, 
of Nancy, an able and devoted cultivator. M, Friedel referred to 
the research of direct principles, that is to say, of the chemical — 
compounds which exist in animals and plants, and which may be ~ 
extracted from them. Similar alternatives are often presented 
in the history of science, which proceeds with irregular leaps, — 
as results from the very nature of things. ‘) 

The separation of the direct or immediate principles had first — 
to place at the disposal of chemists abundant materials of varied — 
composition, in order to fix their attention on the complexity of | 
organic substances. Then came the time to seek the laws 
determining their constitution, and now that these laws are 
sufficiently understood to establish the structure and functions of — 
many of them, the more complete study of their transforma- 
tions, the more accurate definition of some already determined, — 

j the certain discovery of many others still unknown, must attract — 
further attention to the work of those who, like Braconnot, 
have made a special study of the natural products. 

Mineral chemistry has at last succeeded, in the hands of a | 
young and skilful naturalist, in obtaining the isolation of fluorine, 
which had been in vain attempted by so many other students. 

This important result is again due to the process used by Davy 
for isolating potassium—the decomposing action of the pile. — 
The essay had already been made, but under conditions in which 
this exceptionally active «element reacted on the electrodes or on 
the vessels. M. Mois<an’s merit consisted in perceiving that the 
decomposition should be made at a low temperature, and in the : 
happy choice of the substance to be subjected to the process of 

of fluoride of potassium. In the gaseous current disengaged at 
electrolysis—hydrofluoric acid made conductive by the addition 

the positive pole, crystallised silicium and boron burn at the 
ordinary temperature, iodide and chloride of potassium are de- : 
composed, mercury and other metals transformed to fluorides, 
organic compounds carbonised or inflamed, while water absorbs 
the gas, yielding in its place ozonised oxygen. Thus is produced 
a large number of reactions, whose study promises a most inter- 
esting sequel to this brilliant discovery. 

Physico-chemical research continues on its part to furnish 
means of investigation enabling us to penetrate more deeply into 
the very life of the chemical molecule, that is, those inner 
movements whose existence must now be admitted. 

Spectroscopy, which has just yielded to M. Lecoq de Bois- 
baudran two new metals, reveals, by the comparison of the rays, 
a connection, which is assuredly far from accidental, between 
the various elements of the same family. 

Thermo-chemistry, after having, in the hands of M. Berthelot 
and M. Thomsen, given the reason of most reactions, now 
approaches the study of isomeric bodies. M. Bouty’s researches 
on the conductivity of the solutions of salts, and those of M. 
Raoult on the lowering of the freezing-point of the various solu- 
tions, seem to supply fresh means for determining the molecular 
weight of compounds. 

But our attention must now be directed to mineralogy, a far 
less popular science than chemistry. 

After being held in considerable esteem at the close of the 
last and beginning of the present century, when Werner’s 
labours enabled mineralogists to describe and. methodically 
classify the rich materials accumulated in collections, mineralogy 
lost its votaries according as it became more scientific. The 
immortal labours of Haiiy, of Berzelius, and the chemical school, 
seem to have scared the amateurs, who probably saw in mine- 
ralogical collections little more than so many picturesque speci- 
mens distinguished by their diversified colours and fantastic 
forms. 

Mineralogy presents the special character that it profits by the 
progress of chemistry and physics, for which it has itself often 
enough supplied the starting-point. Aiming especially at the 
description. of crystallised minerals, it applies to this description 
methods which are afterwards profitably transferred to the 
domain of artificial products. 

Thus it has given birth to crystallography, which establishes 
the laws determining the formation of crystals—those marvellous 
products of the mineral world in which Haiiy recognises the 
regular aggregations of infinitely minute particles. 

This regularity of structure, indicated at once by their out- 
ward form, has been confirmed by the study of their many 
physical properties, especially that of their action on light. 
From this study has been derived one of the safest and most fruit- 
ful processes by which the inward architecture of crystals has 
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been revealed. This consists in examining their action on polarised 
light, that is, on light which, by reflection or refraction under 
suitable conditions, has acquired special properties, and become 
incapable of being reflected or refracted like ordinary light, 
except under certain well-defined conditions. 

To use a somewhat crude comparison, the luminous ray, after 
traversing certain media, assumes the appearance of an iron 

‘rod that has been passed through a rectangular drawing-frame. 
If on leaving the frame it meets an opening of like form and 
size, it will pass through without difficulty ; but if the opening 
be placed crosswise, it can no longer pass. 

There is this difference between the rod and the ray—that in 
all the intermediate positions a portion of the latter will pass 
through, the quantity increasing according as a more parallel 
disposition is assumed. Hence, if we take two apparatus corre- 
sponding to the frame and the opening, one of which supplies 
the polarised ray and the other intercepts it at right angles, the 
result will be complete darkness on the field of the instrument. 
But if we now place between both a crystalline plate of some 
substance which does not crystallise in the cubic form, we shall 
generally see the dark field illumined and often assuming the 
most lovely colours—an effect due to an action discovered by 
Arago and explained by Fresnel. With a homogeneous crystal, 
and when the light falls in parallel pencils on the plate, a uniform 
tint is diffused over the whole field of the instrument. If the 
crystal be not homogeneous, but formed of diverse parts jointed 
or regularly grouped together, but in positions not parallel, weshall 
get different tints for the different parts. By turning the crystal 
round, certain coloured strands will be extinguished, as we say, 
that is, witl cease to transmit the light, while others will remain 
luminous. Hence we have here an extremely delicate and 
accurate means of studying the structure of crystals in their most 
intimate details. Haiiy had already remarked that all crystals 
are doubly refracting, except those belonging to the cubic system. 
Brewster soon after thoroughly established the relation that 
exists between the optical properties and crystalline symmetry, 
stating, amongst other points, that cubic crystals alone have no 
action on polarised light. Nevertheless, observation had shown 
that certain substances affecting the cubic form had such action, 
and illumined the obscured field of the polarising apparatus. Biot 
had even suggested a term to designate, if not to explain, this 
exception, calling it ‘‘ lamellar polarisation.” 

To the researches of M. Mallard we are indebted for the true 
account of this anomaly, which in fact he has explained away. 
He shows that the cubic crystals acting on the polarised light 
are not really cubic, but formed by the regular grouping of parts 
belonging to other crystallinesystems. Boracite, for instance— 
chloroborate of magnesium usually taking the form of rhombic 
dodecahedra, that is, a solid of twelve equal rhombs belonging 
to the cubic system—is formed by the union of twelve straight 
pyramids with rhon bic bases, whose summits unite in the centre 
of the crystal, and whose bases are the rhombic facets. 

M. Mallard’s beautiful experiments with parallel rays have 
been confirmed by those of M. Emile Bertrand with convergent 
rays, showing in isolated portions of the garnet and of boracite 
all the properties belonging to regular crystals of orthorhombic 
substances, 

There can be no doubt as to the correctness of the explana- 
tion given by M. Mallard of the optical anomalies of crystals 
which had been regarded as cubic, but which have once more 
served to illustrate the trite remark, ‘* Trust not appearances.” 

The optical investigation of crystals, due mainly to the late 
M. de Senarmont, has become a familiar process which no 
mineralogist can henceforth afford to neglect. 

These same methods, employe with much greater magnifi- 
cation than in Amici and Norremberg’s primitive appliances, 
also render the greatest services to the geologist in the study of 
rocks. They enable him to determine with an otherwise unat- 
tainable accuracy the minutest elements of these formations, in 
which minerals are intermingled in diverse proportions. After 
Sorby, the pioneer in this line of investigation, Zirckel and 
Rosenbusch in Germany, Fouqué and Michel Lévy in France, 
have turned to the best account the new method, which has 
thrown much light on the origin and mode of formation of 
certain rocks, by showing what substances were first solidified 
and what parts resisted longest the cooling process. 

All these determinations are aided by the study of the optical 
sign of crystals—that is, the relative velocity with which the two 
polarised rays are propagated in certain directions—the observa- 
tion of the position of the axes wherever possible, that of 

dichroism, and even the approximate measurement of the in- 
dices of refraction. 

This last has been much facilitated by an instrument recently 
devised by M. Emile Bertrand. With a transparent or opaque 
plate of some crystallised substance, and by means of not more 
than four readings made in two positions of the crystal, we 
obtain, by the determination of the angle of total reflection, 
the two or three indices, and consequently the wave-surface of 
the crystal for all bodies not having too high an index of refrac- 
tion, And these operations, hitherto impracticable except with 
prisms or plates of great size, may now be made on extremely 
small crystals, such as those of rocks. 

But however paramount the importance of optical properties, 
others also claim attention in crystallo-physics. Although of 
less practical interest in the determination of crystals, they may 
still open up many new avenues of inquiry to the physicist. 

The curious property possessed by some hemihedral minerals 
of becoming charged with electricity with contrary signs at 
the two extremities of certain axes when heated or chilled has 
long been known. MM. J. and P. Curie have now shown that 
compression on the same crystals acts like the cooling, depres- 
sion or traction like the heating process. In both cases the 
phenomenon appears due to the greater proximity or distance of 
the molecules. It is remarkable that the phemonenon may be 
reversed, so that hemihedral crystals with inclined facets properly 
charged with electricity, positive at one and negative at the 
other extremity, will contract or expand as the case may be. 

As regards synthetic mineralogy, it is now known, thanks 
mainly to the researches of Berthier, Becquerel, Senarmont, 
H. Sainte-Claire Deville, and Daubrée, that minerals may be 
reproduced in our laboratories, and that we already possess a 
valuable means of study, enabling us to understand the condi- 
tions in which the natural minerals and their compounds may 
have been produced. We are thus advancing towards a 
chemical knowledge of certain species, whose formula analysis 
alone has failed to establish, and it may even soon be possible to 
produce useful substances under the very form from which they 
derive their properties. 

The observation of the crystalline products accidentally 
formed in the metallurgic furnaces first led to this line of study, 
the firstfruits of which Mittscherlich and Berthier obtained by 
fusion. 
By melting certain silicates, certain rocks or substances with 

the same chemical composition, and then exposing this vitreous 
mass to a temperature somewhat lower than that of fusion, MM. 
Fouqué and Michel Lévy have succeeded in reproducing the 
identical minerals found in lavas, basalts, and other eruptive 
rocks. Such are the anorthite and labrodorite feldspars, amphi- 
gene, pyroxene, peridot, magnetic iron, &c. 

The case is otherwise with the granites, the problem of whose 
origin is far more difficult to solve. Nevertheless, of their three 
constituents two have already been artificially obtained. 

Quartz had long ago been reproduced by Senarmont by heat- 
ing gelatinous silica with a solution of hydrochloric acid to about 
300° €. But Hautefeuille was the first to obtain fine crystals of 
orthoclase and albite feldspars by heating silica with alumina 
and the necessary alkalies in presence of a solvent such as 
a fused alkaline vanadate or tungstate. 

But the conditions of this beautiful experiment do not appear 
to have been realised in nature. The nearest approach to them 
was probably the series of essays made by our President jointly 
with M. Edmond Sarrasin, by heating a solution of alkaline 
silicate with a precipitated silicate of alumina to nearly 500° C, 
inastrong steel tube lined on the inside with platinum. According 
to the alkalies and proportions employed, the result is albite or 
orthoclase mixed or not with quartz, the crystals resembling those 
occurring in nature and presenting the same peculiarities of form 
and grouping. The well-ascertained presence of drops of water in 
the granitic quartz seems to show that these granites must have 
been formed in the presence of aqueous solutions. Thus the 
natural conditions have already been approached, but will not 
be entirely realised until the hitherto recalcitrant mica has been 
obtained. 

The first essays at reproducing the zeolite group of minerals 
have been made by De Schulten, who, by heating the silicate of 
soda in tubes of aluminous glass, has procured small icositetra- 
hedra of analcime, such as occur in the lavas of the Cyclops 
Islands. 

As regards precious stones, the solution of the problem from 
the scientific, if not the economic, standpoint, was long ago 
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given for spinel and corundum by Gaudin. Ebelmen, H. Sainte- 
Claire Deville, and Caron. More recently, MM. Fréuy and 
Feil have prepared the ruby in large crystalline masses unsuitable 
for cutting, although possessing all the properties of the natural 
mineral. 

Fresh essays seem to have led to more practical results, as for 
some time past rubies of fair dimensions are met with in the trade, 
which, although rather less brilliant and transparent, possess the 
hardness, density, and optical properties of this valuable gem. 
Several features of their inner structure show conclusively that 
they were obtained by fusion ; in any case it is well known that, 
unlike silica, which remains vitreous, alumina crystallises by 
fusion. 

The diamond alone appears to have hitherto resisted all 
attempts at reproduction, Although success in this direction 
has been frequently announced, the statement has always proved 
erroneous. The problem is rendered more difficult from the 
fact that the diamond has nowhere been found in its original 
lode. This holds good as well for the Braziliaa itaeotumites 
and quartzites, and for the serpentine breccias of South Africa, 
as for the diamantiferous sands. Nevertheless, in the diamond 
are occasionally embedded some foreign substances, which, while 
depreciating its commercial value, are very interesting as show- 
ing that it must have been formed at a relatively low tempera- 
ture. 

But enough has been said, M. Friedel concluded, to enlist 
your interest in mineralogy, a science whose progress has been 
rapid, whose methods are being constantly renewed, and which 
in every respect deserves the attention of inquiring minds. 

SCIENTIFIC SERIALS 

Anvricar Fournu of Scien-z, Auzast.—Oa hitherto unrecoz- 
nised wave-lengths, by S. P. Langley. The object of the 
laborious and delicate operations here fully described has been, 
not so much to settle the theoretical questions involved in deter- 
mining the relation between dispersion and wave-length, as 
to enable future observers to determine the visible or invisible 
wave-lengths of any heat, whether from a celestial or terrestrial 
source, observed in any prism. A knowledge will thus be 
gained of the intimate constitution of radiant bodies, which an 
acquaintance with the vibratory period of their molecules can 
usually alone afford. These researches into the whole unex- 
plored region of infra-red energy both from celestial and terres- 
trial sources have led to the certain determination of wave- 
lengths greater than o’005 mm. Radiations have also been 
recognised whose wave-length exceeds 0°03 mm., so that, while 
the wave-length known to Newton has been directly measured 
to nearly eight times, there is probable indication of wave-lengths 
far greater. 
and the longest known vibration of the ether has thus in some 
measure been already bridged over.—On the chemical compo- 
sition of herderite and beryl, with note on the precipitation of 
aluminium and separation of beryllium and aluminium, by S. 
L. Penfield and D. N. Harper. The composition of herderite 
is shown to be an isomorphous mixture of CaBeFPO, with 
CaBe(OH)PO,, which may be written CaBe(FOH)PO,, or a 
salt of phosphoric acid, two of whose hydrogen atoms have been 
replaced by a bivalent element, and the third also by a bivalent 
element whose other free affinity has been satisfied by a fluorine 
atom or hydroxyl. Chemically it is closely related to wagnerite, 
triplite, and triploidite, these minerals offering the best illustra- 
tion of the isomorphism of F and OH. In crystallisation, 
herderite is orthorhombic, with a prismatic angle of nearly 120°. 
Regarding water as an essential constituent of beryl, the 
authors add $H,O to its usually accepted formula, writing it 
H,Be,Al,Si,.03;. Its theoretical composition, according to this 
formula, becomes SiO, 65°81 ; Al,O, 18°83; BeO 13°71; H,O 
1°65. Specific gravity, 2°705.—Communications from the U.S. 
Geological Survey, Division of the Rocky Mountains, by Whitman 
Cross and L. G, Eakins. The present paper deals with ptilolite, 
a new mineral occurring in cavities of a more or less vesicular 
augite-andesite, which is found in fragments in the Tertiary con- 
glomerate beds of Green and Table Mountains, Jefferson County, 
Colorado. It is described as a white substance in extremely 
delicate tufts and spongy masses composed of short hair-like 
needles loo-ely grouped together ; hence its proposed name of 
ptilolite, from the Greek wrfAov = down, in reference to the 
light downy nature of its aggregates. Its empirical formula is 
RO, Al,O;,10SiO, + 5H,O, R representing Ca, K,, and Na, ; it 
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is thus an alumino-silicate of which no previously described | 
hydrate contains so high a percentage of silica. In this respect — 
it may compare with the rare mineral milarite.—Notes on the ' 
peridotite of Elliot County, Kentucky, by J. S. Diller. This — 
formation, described as a dark greenish rock with specific | 
gravity 2°781, appears to be undoubtedly of eruptive origin, — 
traversing many thousand feet of palzeozoic strata to reach the 
surface. Its mineralogical composition shows 40 per cent. of 
olivine, 30°7 serpentine, 14 dolomite, 8 pyrope, 2°2 ilmenite, 
2 magnetite, with smaller quantities of biotite, enstatite, octa- 
hedrite, and apatite.—Temperature observations at the Lakel 
Superior Copper-Mines, by H. A. Wheeler. The unusually — 
low thermal gradients recorded in these mines—about 1° F. to_ 
100 feet as compare with the normal of 1° F. to 50 or'55 feet in 
vertical descent, is attributed to the proximity of the cold wate 
of Lake Superior. The nearer the mines are to this great 
cooling influence, the lower the thermal gradient will be found 
to be.—An application of the copper reduction test to the 
quantitative determination of arsenic, by Henry Carmichael. 
Using a standard square of copper as an indicator, the author 
has been led to adopt the method here described, which, for the 
estimation of small quantities of arsenic in the human system or 
elsewhere, he believes to be quicker, simpler, more delicate, 
and, in the hands of toxicologists, less exposed to fallacy, than — 
any other. A copper square 1 millimetre on a side detects 
*0000025 grm. arsenious oxide, a quantity 400 times less than — 
that necessary for turning the beam of the ordinary chemical 
balance.—On the crystallisation of gold, by Edward S. Dana. — 
The paper deals more especially with the delicate crystalline — 
threads and arborescent forms from the White Bull Mine, 
Oregon, and the specimens of finely crystallised gold from the ; 

| Californian mines. The crystals are illustrated and_fully 
described.—Classification of the Cambrian system of North 
America, by Charles D, Walcott. The formations here treated 
are those characterised by the predominance of the types of — 
Barrande’s ‘First Fauna,” and such additional strata, not — 
characterised by the presence of fossils, as are stratigraphically — 
and structurally connected with the Cambrian strata identified by , 
organic remains. These formations, showing a total thickness _ 
of over 18,000 feet, with a known fauna of 92 genera and 393 3 
species, are regarded, not as a subdivision of the Silurian, but | 
rather as a well-defined geological system underlying the Lower 
Silurian (Ordovician) on the North American continent.—Note 
on the spectrum of Comet ¢, 1886, by O. T. Sherman. When 
observed with the equatorial of Yale Observatory in Mayand 
June, this comet presented no less than seven loci of light where } 
three only are usually seen. These showed approximate wave- — 
lengths 618°4, 600°6, 567°6, 553°7, 517°, 468°3, and 433°2, 
besides strongly suspected loci at 545°4, 535°0, 412°9, and 
378°6. These are compared with the low temperature spectrum 
of carbohydrogen, and it is suggested that a chart should be 
prepared for the carbon compounds at successive heat-levels, 
after the manner of that drawn up by Lockyer for the photo- 
graphed spectra of some carbon compounds (Proc. Roy. Soc., 
Xxx. p. 463). 

Annaten der Physik und Chemie, Ba. xxviii., No. 7, July 
1886.—Th. Schroder, experimental investigation of the influence 
of temperature upon elastic reaction. The experiments were 
made with three wires, respectively of silver, iron, and german 
silver. The elastic reaction was greatest with the first, least 
with the last of these, and the change in the elastic reaction 
produced by change of temperature followed the same order.— 
i, Warburg, remarks on the pressure of saturated vapour. Dis- 
cusses relation between vapour-pressure and curvature of liquid 
surface.—W. Fischer, on the pressure of saturated vapours above 
liquid and above solid substances. The substances chosen were 
ice and water. The difference, for ice, between the two differ- 
ential coefficients of pressure with respect to temperature for 
saturated steam over ice and saturated steam over water is 
0'0465, at the melting-point, where the two curves meet, For 
benzol the two curves do not meet at its melting-point.—A. 
Schrauf, on dispersion and axial density in prismatic crystals ; 
and on the properties of trimetric crystals. The latter shows the 
existence of a relation between coefficients of expansion, axial 
density, and the parameters of the crystal—A. Toepler, some 
lecture experiments on waves. A small gas flame is used to 
show the propagation of a wave of compression in a long tube 
filled with air, and provided at one end with an india-rubber 
pear. Several interesting experiments can be shown.— E. Cohn 
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and L. Arons, conductivity and dielectric constants. An in- 
vestigation as to whether the dielectric constant of a conductor 
is infinite, as often stated in text-books. A condenser was 
arranged to be filled with mixtures of anilin and benzol, xylol, 
mixtures of anilin and xylol in various proportions, &c., liquids 
being selected to avoid as far as possible residual charges. The 
capacities of this condenser were compared with that of an air- 
condenser, and arrangements were also made to measure the 
resistances on the bridge. The resistances of the three mixtures 
of anilin and xylol were 224,900, 1,383,000, and 18,780,000 
Siemens’s units, and their dielectric constants 1°590, 17443, and 
1°336. The authors conclude from these and other experiments 
that there is no necessary relation between the two constants ; 
and, further, that the wide differences observed by Hopkinson 
between the square root of the dielectric constant and the index 
of refraction in certain vegetable oils cannot be explained by 
the conductivity.—E. Hoppe, on the theory of unipolar induc- 
tion: experimental verification of Edlund’s theory of the origin 
in terrestrial magnetism of auroral phenomena.—H. Jahn, on 
the equivalence of chemical energy and current energy. A dis- 
cussion of Helmholtz’s theory of the secondary heat of a voltaic 
element.—H. Jahn, on galvanic polarisation. A study of 
changes of polarisation of certain liquids with changes of tem- 
perature, together with deductions verifying Helmholtz’s equa- 
tions.—G. Adler, on the energy of magnetically polarised 
bodies. —E. Ketteler, addendum on the total reflection of crys- 
tals. —F. Kolatek, on the gold-leaf spectroscope. An attempt 
to calculate a calibration of the electroscope from its electro- 
static capacity. 

THE number of the Muovoe Grornale Botanico Italiano for 
April 1886 contains a number of short articles on various points 
relating to the flora of different parts of Italy, both phanero- 
gamic and cryptogamic.—Sig. A. Mori describes and figures a 
singular instance of the production of a pitcher-like structure 
on the upper surface of a leaf of Gunnera scabra.—Dr. O. 
Mattirolo has examined the ‘‘mycorhiza” of the roots of the 

| sweet chestnut, and finds it to furnish a new example of poly- 
| morphism amongthe Hypocreacez. It consists largely of two 

species of fungus, which he names AZelanospora stysanophora 
| and 2%. Gibelliana. The former is identical with Stysanus 
| Steminotis and also with an Ac/adium, and presents an instance 
' of ‘‘apandry,” or the production of ascospores independently of 

the previous formation of a male organ. AZ. Gidelliana produces 
chlamydospores, and also the peculiar structures known as 
*€spore-bulbils,” which appear to replace the true ascophorous 
perithecia. 

The most interesting article in the number for July is by Sig. 
A. Piccone, on the plants growing wild in Liguria which he 

terms ‘‘zoophilous” or “‘ornithophilous,” ze. those which are 
absolutely dependent for the germination of their seeds on the 
fruit being swallowed by birds. 

SOCIETIES AND ACADEMIES 

LoNDON 

Entomological Society, August 4.—Prof. J. O. West- 
wood, M.A., F.L.S., in the chair.—The following gentlemen 
were elected Fellows :—Lord Dormer, Messrs. J. H. A. Jenner, 

| James Edwards, Morris Young, F. V. Theobald, “eG AS 
Atmore, and William Saunders, President of the Entomological 
Society of Ontario.—Mr, Theodore Wood exhibited and made 
remarks on the following Coleoptera: an abnormal specimen 
of Apion pallipes; a series of Langeandia anophthalmi, from 
St. Peter’s, Kent, taken in decaying seed-potatoes ; a series of 
Adelops wollastont, and Anommatus %12-striatus, also from 
decaying seed-potatoes; anda series of Baryfeithes pellucidus, 
from the sea-shore near Margate. Mr. Wood also exhibited, 
on behalf of Dr. Ellis, of Liverpool, a specimen of Apion 
annuliper.—Prof. Westwood exhibited five specimens of a 
species of Cwlex, supposed to be either C. cantans or C. lateralis, 
sent to him by Mr. Douglas, who had received them from the 
Kent Water-Works. It was stated that they were very 
numerous in July last, and that persons bitten by them had 

suffered from ‘‘ terrible swellings.” Prof. Westwood also exhi- 
bited some galls found inside an acorn at Cannes in January last.— 
Mr. Billups exhibited a male and female of Clefves nitidula, 
taken 27 cofu/d in July last, at Benfleet, Essex, on the flowers of 
Fleracleum sphondylium. We stated that it was probably the 

rarest of the twenty-two known species of British Chrysidide, 
though it had been recorded from the New Forest and from 
Suffolk. —The Rev. W. W. Fowler announced that a series of 
specimens of Homalium rugulipenne had been received from Dr. 
Ellis, of Liverpool, for distribution amongst Members of the 
Society.—Mr. White exhibited a group of three specimens of 
Lucanus cervus, consisting of a female and two males. The 
female was 7 copula with one of the males, which, while so 
engaged, was attacked by the second male.—Mr. E. A. Fitch 
read a paper, communicated by Mr. G. Bowdler Buckton, on the 
occurrence in Britain of some undescribed Aphides.—Prof. 
Westwood read a paper on a tube-making homopterous insect 
from Ceylon.—Mr. Theodore Wood read a paper on Bruchus- 
infested beans. A discussion ensued, in which Prof. West- 
wood, the Rev. W. W. Fowler, and Messrs. Weir, Fitch, and 
Trimen took part. 

PARIS 

Academy of Sciences, August 16.—M. Fizeau in the 
chair.—The Secretary announced the loss sustained by the 
Academy in the death of M. Laguerre, Member of the Section 
for Geometry, who died on August 13 at Bar-le-Duc. At the 
obsequies, which took place on August 16, the Academy was 
represented by M. Halphen.—Remarks on the recent volcanic 
disturbances in the Northern Island, New Zealand, by M. 
Emile Blanchard. The author pointed out that this sudden 
display of igneous activity was a remarkable confirmation of the 
views already advocated by him in 1882 and 1884 on the sub- 
sidence of an austral continent during the modern geological 
age of the earth. He regarded the New Zealand Archipelago 
and more or less adjacent islands as a remnant of this continent, 
or at least of an extensive region, which had existed in a com- 
paratively recent epoch, and he had already, in 1884, anticipated 
fresh convulsions, such as the tremendous catastrophe of which 
New Zealand had been the scene after a lengthened period of 
quiescence. Tarawera and other volcanoes supposed to be 
extinct have suddenly broken out into fresh activity ; lava- 
streams have overspread vast spaces, and a romantic tract of 
country, the delight of the early explorers, has been wasted 
or swallowed up. Although the exact change that has taken 
place in the aspect of the land cannot be fully known for some 
time to come, the event already appears as an illustration of 
still more violent outbursts, which occurred in more or less 
remote ages. Thus it has been shown in this instance that the 
inductions drawn from a recently-created science already bear 
the character of certainty.—On the differential equation of a 
curve of any order, by Prof. Sylvester. It isshown that a direct 
and universal solution may be had of the following problem : 
To find the differential equation of a curve of the order 2, where 
the function of the equation (with unity for constant term), 
whether U or (x, y, 1)” is represented under the symbolic 
form u”, where ~=a + $x+ 4. It is added that the 
formulas given by M. Halphen in his ‘‘ Recherches des points 
d’une courbe algébrique plane,” &c., lead to the same results 
as those here arrived at.—On the employment of inter- 
mittent light for the measurement of rapid movements, by M. 
Gustave Hermite. Indicators of velocity at present in use 
always absorb a portion of the force of the machine to which 
they are applied. The author proposes to avoid this inconveni- 
ence by the arrangement here described, which, by an ingenious. 
application of intermittent light, enables the observer to measure 
not only the number of revolutions of any machine, but the 
velocity of any rapid movement whatsoever, without exercising 
any mechanical action on the apparatus under examination. —On 
the mono-substituted haloid derivatives of acetonitril, by M. 
Louis Henry. The researches undertaken by the author on 
the functional solidarity and the volatility of the carbon com- 
pounds have led him to complete the series of these derivatives. 
Tlere he describes mono-ioduretted acetonitril, ICH,—CN, and 
monobromuretted acetonitril, BrCH,—CN, reserving for a 
future communication the comparative study of the mono-substi- 
tuted haloid derivatives of acetonitril and acetate of methyl.— 
On the composition of the mineral waters of Bagneres-de 
Luchon, Haute-Garonne, by M. Ed. Willm. It is shown that 
carbonic acid, far from being a negligible quantity in these and 
similar waters, as was supposed by the late M. Filhol, mostly 
occurs in a proportion more than sufficient to give a quantity of 
bicarbonates corresponding to the alkaline property of the water, 
independently of that which is due to the sulphuret. A com- 
plete analysis yielded sulphuric and carbonic acid, chlorine, 
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silica, ferric oxide, aluminium, sodium, potassium, calcium, 
magnesium, and traces of iodine, lithium, copper, ammonia, 
manganese, phosphoric and boric acid, but no arsenic.— 
Priestley’s experiment repeated with aquatic animals and 
plants, by M. N. Gréhant. The experiment here referred to con- 
sists in placing under an air-tight vessel small mammals, such as 
mice, until the atmosphere becomes vitiated by the absorption 
of oxygen and liberation of carbonic acid; then, if a sprig of 
mint be introduced and the vessel exposed to the sun, after a 
certain time a mouse again introduced will breathe and live 
freely, the carbonic acid having been decomposed by the chloro- 
phyll under the influence of the light and replaced by oxygen. 
An analogous experiment is here described with fish, and the 
leaves of an aquatic plant (Potamogeton /ucens) introduced into 
receptacles filled with water.—Atmospheric phenomena ob- 
served at Palermo during the recent eruption of Etna, by M. A. 
Riced. These light-effects are compared with those following 
the eruptions of Krakatdo and Ferdinandea, their less“ brilliant 
character being attributed to the smaller quantity of vapours 
discharged by Etna.—The telluric currents, their nature, and the 
part played by them in the production of meteorological pheno- 
mena, by M. J. J. Landerer. In this paper, which is supple- 
mentary to the communication made to the Academy on Octo- 
ber 17, 1881, the author gives the further results of the studies 
which he has now prosecuted for several years at Tortosa on the 
telluric currents and their various relations to terrestrial mag- 
netism, the trade-winds, the solar spots, and the like. 

BERLIN 

Chemical Society, June 21.—A. W. Hofmann, Vice-Pre- 
sident, in the chair.—Prof. Scheibler described in a long and 
very interesting paper his new methods of obtaining a product 
rich in phosphorus from the crude slag produced in Thomas’s 
process. Whilst formerly the slag was extracted with dilute 
hydrochloric acid, and a precipitate rich in phosphorus obtained 
by adding lime to the solution, the present price of hydrochloric 
acid rendered it desirable to simplify the process. It was at 
first attempted to do this by a fractional solidification of the 
fused slag, the portion first solidifying containing little phos- 
phoric acid, whilst the liquid portion separated from it furnishes 
an excellent material for manure. An essentially better method 
consists in adding the lime to the iron, not all at once, but first of 
all about two-thirds of the necessary quantity; the slag pro- 
duced is then removed, the remainder of the lime added, and the 
process completed. The first lot of slag obtained in this way 
contains about 31 per cent. phosphoric anhydride, and 58 per 
cent. lime, whilst the second lot contains but little phosphorus, 
though it is rich in iron, of which it contains 24 per cent., the 
first slag having only 1°8 per cent. The second slag is returned 
to the furnaces used in the production of crude iron. The ad- 
vantages of the method are a shortening of the blowing opera- 
tion, the possibility of increasing the charge, a more complete 
removal of the phosphorus, less loss of iron, and considerable 
saving of lime. Further advantages are that the first portion of 
the slag forms a valuable manure, whilst the second portion is 
used again in the furnaces. The paper concludes with a discus- 
sion of the importance of this more complete separation of the 
phosphorus from iron ores for agricultural purposes. —W. Will 
exhibited an aromatic ketone obtained from the root of Peoria 
Moutan, and which has been more closely examined by Prof. 
Nagai, of Japan. Its composition is 

{ COCHs (1) 
C,H, OH (2). 

locu, (4) 

—There were two papers by J. Traube: (1) on the size of 
maximum-drops of the ordinary alcohols and fatty acids, and 
their aqueous solutions ; and (2) on the dependence of the size 
of drops on external influences.—K. Polstorff has found that 
East Indian holarrhena contains conessine, and he considers 
that this alkaloid is identical with MHaines’s wrightine.— 
Kk. Heumann and E. Mentha have studied the behaviour of 
monochlorazo- and hydrazobenzene to acids; the latter 
yields chlorazobenzene, parachloraniline, and aniline.—Piutti 
has obtained a new asparagin from vyetch sprigs; _ its 
aqueous solutions are dextrorotatory, and its compounds have 
the same rotatory power as the corresponding compounds of 
ordinary asparagin, but the rotation is always in the opposite 
direction. —T. Salzer described a new method of obtaining 
pentathionic acid by oxidising a solution of sodium thiosulphate 
with iodine in the presence of potassium arsenite.—M. Lange de- 
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scribed a new synthesis of mixed azo-dyes from aromatic dia- 
mines.—G. Ciamician and P. Silber have studied the action of 
pyrroline on alloxan, and have described the properties and 
derivatives of pyrrolalloxan, C,H,N,0,, which results from the 
reaction.—J. Schmid showed that the colouring-matter of fiset- 
wood (ius cotinus, L.), is not identical with quercitine, and that 
itis present in the plant asa glucoside (/zstiz) ; he described the 
preparation and the ethyl- and acetyl-derivatives of fisetin. 

STOCKHOLM ) 
Geological Society, April 1.—Prof. W. C. Brogger gave 

an account of the volcanic rocks extending between Langesund, 
in the Christiania Fjord, and Lake Mjésen, in Central Norway, 
founded on earlier and his-own researches, the latter extending 
over many years. He had come to the conclusion that the 
whole basin was due to an erosion of the earth’s crust, which 
had forced up the volcanic matter. The oldest of these, the 
augite porphyry, had been discharged in the form of lava 
streams over the Devonian surface of the earth. The more 
recent ones had not reached the surface, but had hardened at 
lower depths, and had become disclosed at a later date.— Herr 
A. E. Tornebohm described the remarkable coal-bearing rock 
which was discovered by Igelstrom some twenty years ago in 
the crystalline slates of the fundamental rock at the Nulla 
Mountain, in the province of Varmland. His microscopical 
researches went to show that the coal had been introduced into 
the rock whilst the formation of feldspar was still in progress. 
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CHEMICAL PHYSICS 

Elements of Chemical Physics. By Josiah P. Cooke, 

Jr., Erving Professor of Chemistry and Mineralogy 
in Harvard University. Fourth Edition. (London: 
Macmillan and Co., 1886.) 

HE preface to this work bears the date Feb. 1, 1860 ; 

no explanation is given of the issue in 1886 of a 
fourth edition in the form before us. According to the dic- 

tionary, an edition is “the whole number of copies of a 
work published at once.” We are forced to assume that 
such a definition would be accepted as sufficient by Prof. 
Cooke ; but in the case of educational works dealing 
with a branch of science which is daily enriched by new 
discoveries, the reading public are in the habit of sup- 

posing that a zew edition is not a mere reprint of the 
former edition: it is rightly expected that it shall take 

notice of, at all events, the more important of recent dis- 

coveries, and failure to recognise this elementary truth is 
unpardonable. 

It is a grave injustice to put into the hands of the inno- 
cent student a book dated 1886 which was first issued in 
1860, and without informing him that he is to learn 

nothing of the classical discoveries in chemical physics 
made during the past quarter of a century : on advancing 
to do battle in the ranks of science he would be about in 

the position of our old wooden walls in face of modern 
ironclads and torpedo-boats. 

The work is divided into five chapters, the first (9 pp.) 
being introductory. Chapter II. (107 pp.) deals with the 
general properties of matter; Chapter III. (309 pp.) is 
on the three states of matter; heat is the subject of 
Chapter IV. (235 pp.); and Chapter V. (24 pp.) is on 
weighing and measuring. The volume is intended—ac- 

cording to the 1860 preface—to furnish a full development 
of the principles involved in the processes of weighing 

and measuring small quantities of matter ; subsequent 
volumes were to treat on light in its relations to crystallo- 

graphy ; on electricity in its relations to chemistry ; and 
on stoichiometry and the principles of chemical classifica- 
tion ; but we are not aware of their issue. Unlike most 

text-books, it is a most readable work, containing much 

interesting matter, and is admirably printed ; hence it is 
particularly to be regretted that it presents so imperfect 
and antiquated an account of the subjects treated of. In 
justification of this statement we may point out that the 
latest reference to experiments on the condensation of 
gases is to those of Natterer. Andrews’s great discovery 
of the critical point is nowhere referred to. Regnault’s 
determinations of the specific heat of carbon in its three 

forms are quoted, but not a word is said of Weber’s im- 

portant investigation on this subject; in the section in 
which the methods of determining specific heat are de- 
scribed no reference is made to Bunsen’s_ beautiful 

method ; and the word dissociation nowhere occurs, the 

classical discoveries of Deville and his school being un- 
mentioned. One inaccuracy requires special mention. 
We are told (p. 428) that, “ According to the modern 
theory of chemistry, equal volumes of all substances in 
the state of gas contain precisely the same number of 
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molecules, 07, what amounts to the same thing, the mole- 
cules of all bodies in the state of gas occupy exactly 
equal volumes.” The latter part of the sentence, 
which we have italicised, is obviously unmitigated 
nonsense, yet it is a statement which perpetually 

haunts us. A well-known standard text-book of che- 
mistry from which probably a very large proportion 

of our youth gain inspiration in fact tells us almost 
in the same words that “the relation existing between 
the volumes of gases when they combine together has 

been found to be a very simple one, inasmuch as the 

densities of all elements known in the gaseous state are 
identical with their atomic weights ; or, what zs the same 

thing, the atoms in the gaseous state all occupy the same 
Space (Gay Lussac, Avogadro).” Could anything be more 

misleading and inaccurate, since mercury, phosphorus, 
sulphur and iodine are ail known “in the gaseous 
state”? It cannot be too clearly stated that the chemist 

only concerns himself with the relative weights of atoms 
and molecules, and that Avogadro’s law only has refer- 

ence to the relative numbers of molecules in equal 
volumes of gases, their size being altogether left out of 

account: no notice being taken, in fact, of the space 

which the stuff itself occupies. Our notions on the sub- 
ject of the size of molecules and atoms are of the very 
vaguest at present, and even Sir William Thomson has 

not ventured, we believe, to consider the differences in 

size of molecules of different kinds: for the most part 
they certainly cannot be of the same size. The popular 
method of teaching the volumetric relations between 

gases is probably the cause of the error now referred to 

being steadily perpetuated. The ordinary student more 
often than not will insist—very naturally—in regarding 

the term volume as representing a specific quantity : being 
taught, moreover, to consider the symbol of a compound 

gas as equivalent to “two volumes,” he extends the idea of 
volume to the elementary symbols and naturally enough 

concludes that if /:, for example, represent /zvo volumes, 
Z must represent ome volume; hence it is difficult to 
make him realise that a change such as is represented by 

the equation 4=/-+/7 involves a doubling of the 

volume. Again, the common practice of speaking of 

compound gases as containing certain volumes of the 
constituent gases is both misleading and inaccurate : for 

example, it is found that the gaseous density of phos- 
phorus is such that its molecular composition is expressed 
by the formula /,: this represents “two volumes,” and 

so the symbol P is said to represent “half a volume,” 
and we are then gravely told that “two volumes” of 

phosphuretted hydrogen comszsts of or contains “three 
volumes” of hydrogen and “half a volume” of phos- 
phorus. Some teachers engrave the error still more 
deeply upon the student’s mind by performing before him 
a kind of Jack-in-the-box trick, picking out from a box 
on which the symbol of the compound is painted a series 

of boxes which in number and size are supposed to repre- 
sent the volume of the elements contained in the com- 

pound. All that we really know is that a given bulk of a 
particular gas will decompose into, or can be formed 

from, certain bulks of the constituent elements: that 
phosphuretted hydrogen, to take the example cited, on 

decomposition yields one and a half times its bulk 
of hydrogen and half its bulk of phosphorus gas. The 

rT 
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only method by which we could endeavour to form 
any estimate of the relative volume occupied in a com- 
pound by the constituent atoms would be by taking the 
molecular volume of the compound and the atomic 

volumes of the constituents into account; but this 

is never done. It would be a great advantage if we were 
to cease using the term volume when speaking of gases, 

and were to treat all questions concerning changes in 
volume froma dynamical point of view: Avogadro’s law 
tells us, in fact, that, in every change in which gases are 

concerned, the variation in the space required to contain 
the gases—pressure and temperature remaining constant 

—will be directly as the variation in the number of 
gaseous molecules. If the equation be written which 

expresses the change, care being taken to employ the 

symbols which represent the molecular composition of 
the gaseous substances concerned in it, it is merely neces- 

sary to add up the number of molecules of the gaseous 
substances appearing on either side: the two sums will 
give the ratio of the volumes before and after change. 

By our present practice thoroughly false conceptions are 

engendered: a fundamental principle of our science is 
most unscientifically taught: and yet when we come to 
examine we marvel at the stupidity displayed by the 
examinee when dealing with simple questions of volume 

change ! 

NATURE 

It will be in place here to inquire—What is chemzcal | 
physics? To judge from the books on the subject, we | 

are probably justified in defining it as a milk-and-watery 
kind of physics specially prepared to suit the weak diges- 

tion and small appetite of the embryonic chemist ; as a 
spineless kind of physics—physics without the solid back- | 
bone of mathematics. It is high time that it were recog- 

nised that he who wishes to be a chemist, and not the 

mechanical automaton who too frequently in this country | 

goes by the name, must study physics seriously and 

properly: a mere smattering is of very little use. It is 
now incontestable that the sciences of chemistry and 

physics are inseparable: indeed the whole system of | 

modern chemical theory reposes on a purely physical 

basis—that of Avogadro’s law; and of late years the 
opinion has undoubtedly gained ground that the study of 
the physical attributes of pure elements and compounds 
must be carried on systematically and at the same ‘time 

that their strictly chemical attributes are investigated, if 

we are ever to penetrate the veil of mystery which at 

present enshrouds the simplest chemical phenomena. 

Much work has already been done, and it is greatly to 

the credit of chemists that it has nearly all been executed 

by chemists who have been at the pains to study physical 
methods. Physicists have contributed comparatively 
little to the advancement of chemical physics, and it is 

undeniable that not a few investigations of importance 

to chemistry executed by physicists with the precision in 

measurement which characterises modern physical in- 

quiry, are to a large extent labour spent in vain, as no 

guarantee has been given of the purity of the materials 

employed. Parenthetically it may be added that the 

physics as well as the chemistry of fre substances are 

fields of inquiry all but untrodden: the study of pure 

materials is ##e work of the future; and it is safe to 

say that when the results are recorded they will differ 

in many and important particulars from those now 
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accepted. It is perhaps not undesirable to point out that 
a true conception of the meaning of the word pure does 
not always appear to be present in the mind of the 

chemist or physicist, otherwise the expression “ chemi- 
cally pure” would not so frequently occur. What is 
meant thereby, we presume, is that the substance is so 

nearly pure that the amount of impurity present does not 
perceptibly affect the results of quantitative analysis ; but 
the amount of impurity present in a substance in such a 
case may exercise a most important influence on its 

chemical behaviour, and may also materially modify 

some of its physical properties. If, instead of distinguish- 

ing degrees of impurity, we continue to make this some- 

what improper use of the word pure, it will be desirable 

also to speak of substances as being “ spectroscopically 

pure,” “ electrically pure,” &c., to indicate the nature of 

the test which they will pass. 

To conclude, a book worthy to be called a treatise on 

chemical phys ics has yet to be written. It should con- 

tain a sufficiently detailed account of exact methods of 

determining the various physical attributes and the trust- 

worthy results thus far recorded, together with a discus- — 

sion of the bearing of these results on the problems of 

chemistry. It could hardly be the work of a single indi- 

vidual, but would doubtless require the co-operation of 

chemist and physicist. No mere compilation will suffice : 

to be of value it must be subject to the control of a 

chemist who is master of his science. Such a work 

would of necessity be of enormous service to students ; 

and it would exercise an important influence on the 

progress of our science. HENRY E. ARMSTRONG 

OUR BOOK SHELF 

Madagaskar, und die Inseln Seychellen, Aldabra, Komo- 

ren, und Maskarenen. By Prof. Dr. R. Hartmann. 

(Leipzig and Prague, 1886). 

Tus little work forms the fifty-seventh volume of “ Das 

Wissen der Gegenwart,” a scientific series which has 

already done so much for the spread of useful and 

accurate information amongst the Germanic populations. 

The author, himself personally acquainted with some of 

the localities here described, gives as clear and compre-— 

hensive an account of the various insular groups in the 

Indian Ocean as was possible within the available space d 

of 150 pages. Of this space over two-thirds are devoted 

to Madagascar, whose physical constitution, natural 

history, ethnology, and political relations are treated — 

with great ability. The best authorities, such as Gran- 

didier, Shaw, Richardson, Sibree, and Hildebrandt, have © 

been carefully consulted, and room has even been found | 

for the discussion of such controversial questions as the — 

existence of Sclater’s vanished Lemuria, the origin of the : 

Malagasy people, the affinities of their language, the 

presence in the island of the Vazimba and other abori- 

ginal non-Malayan and Negrito tribes. Dr. Hartmann is — 

inclined to accept the statements made by Commerson 

and Modave regarding the woolly-haired and dwarfish 

Kimo people of the southern districts, and suggests 

possible affinities either with the South African Bushmen — 

or the Andamanese and Aeta Negritos of the Philippine” 

Islands. The Malagasy he regards as essentially a 

mixed race, Polynesian, Malay, and African (especially 

Galla and Somali) elements being found diversely inter- 

mingled amongst the Hovas, Sakalavas, Betsimisaracas, 

and other native communities. The Comoros, Seychelles, 

and Mascarenhas (Mauritius, Réunion, and Rodriguez) 

| 
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archipelagoes are treated with equal thoroughness, and the 
work is provided with a map of the Indian Ocean, an 
index, and numerous well-executed woodcuts. 

LETTERS TO THE EDITOR 

(Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents, Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space ts so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.) 

Physiological Selection and the Origin of Species 

In the Yournal of the Linnean Society (Zoology, No. 115, 
1886, p. 350, footnote) Mr. Romanes says: ‘‘I cannot find that 
any previous writer has alluded to the principle which it is the 
object of the present paper to enunciate, and which is explained 
in the succeeding paragraphs.” 

But in the fourth edition of the ‘* Origin of Species” (1866), 
p. 311,! the following passage occurs, in which the main idea 
of ‘* physiological selection” is clearly alluded to. 

“*Tt may be admitted, on the principle above explained, that 
it would profit an incipient species if it were rendered in some 
slight degree sterile when crossed with its parent-form or with 
some other variety ; for thus fewer bastardised and deteriorated 
offspring would be produced to commingle their blood with the 
newly-forming variety.” 

The author then goes on to show that, as he believed, this 
kind of sterility could not be increased by natural selection—a 
discussion with which Iam not now concerned. I have other 
evidence to show that my father was familiar with the principle 
of physiological selection, and, moreover, that he did not regard 
it with any great favour. 

In Mr. Belt’s ‘* Naturalist in Nicaragua” (1874), a suggestion 
is made, identical with that of Mr. Romanes in the Linnean 
Journal, Mr. Belt says (p. 207) :—‘‘ The varieties that arise 
can seldom be separated from the parent form and from other 
varieties until they vary also in the elements of reproduction. 
. .. «As long as varieties interbreed together and with the 
parent form, it does not seem possible that a new species could 
be formed by natural selection, excepting in cases of geographical 
isolation. All the individuals might vary in some one direction, but 
they could not split up into distinct species whilst they occupied 
the same area and interbred without difficulty. Before a variety 
can become permanent, it must either be separated from the 
others or have acquired some disinclination or inability to 
interbreed with them. As long as they interbreed together, 
the possible divergence is kept within narrow limits, 
but whenever a variety is produced the individuals of 
which have a partiality for interbreeding, and some amount 
of sterility when crossed with another form, the tie that bound 
it to the central stock is loosened, and the foundation is laid for 
the formation of a new species. Further divergence would be 
unchecked, or only slightly checked, and the elements of repro- 
duction having begun to vary, would probably continue to 
diverge from the parent form, for Darwin has shown that any 
organ in which a species has begun to vary is liable to further 
change in the same direction. ‘Thus one of the best tests of the 
Specific difference of two allied forms living together is their 
sterility when crossed, and nearly allied species separated by 
geographical barriers are more likely to interbreed than those 
inhabiting the same area.” 

In my copy of Belt’s book the words “‘ No, No,” are pencilled 
in my father’s handwriting on the margin, opposite the sentence 
“All the individuals might vary in some one direction, but they 
could not split up into distinct species whilst they occupied the 
same area and interbred without difficulty.” 

Cambridge, August 27 FRANCIS DARWIN 

NEITHER Mr. Galton nor Mr. Meldola have had time or 
opportunity to consult my original paper before writing their 
comments on the Nature abstract. I will, therefore, consider 

1 A corresponding but not identical passage occurs in the sixth edition, 
P. 247. 
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those of their remarks which have been anticipated in the 
paper. E 

Mr. Galton writes :—‘‘It has long seemed to me that the 
primary characteristic of a variety resides in the fact that the 
individuals who compose it do not, as a rule, cave to mate with 
those who are outside their pale, but form through their own 
sexual inclinations a caste by themselves.” Now, I have fully 
recognised this principle as one among several others which is 
accessory to, although independent of, physiological selec- 
tion: see L.S. paper, p. 377, where also reference is given to 
the ‘‘ Origin of Species,” showing that this factor was likewise 
recognised by Mr. Darwin as one of importance in the preven- 
tion of intercrossing. But, inasmuch as this factor—which may 
be called psychological selection—can only apply to the case of 
the Vertebrata,! I am disposed to think that it is of much less 
general importance than the other factors which I have men- 
tioned as accessory to physiological selection, and which, taken 
altogether, furnish a complete theoretical explanation of the fact 
that sterility between natural species is not invariably absolute, 
but occurs in all degrees. For, ‘‘in all these cases where the 
principles of physiological selection have been in any degree 
accidentally assisted by other conditions, a correspondingly less 
degree of variation in the reproductive system would have been 
needed to differentiate the species” (p. 377). 

Thus far, therefore, Mr. Galton is really in full agreement 
with me. But he goes on to say :—‘‘If a variety should arise 
in the way supposed by Mr. Romanes, merely because its mem- 
bers were more or less infertile with others sprung from the 
same stock, we should find numerous cases in which members of 
the variety consorted with outsiders.” But how can we possibly 
know that such is not the case? If my theory is true, it must 

follow, as Mr. Galton says, that such unions would be more 
or less sterile, and, as this sterility is itself the only variation 
which my theory supposes to have arisen zz the first instance, 
ex /iypo'hesi we can have no means of observing whether or not 
the individuals which present this variation ‘‘ consort with out- 
siders,” or with those individuals which do not present it. 
Lastly, in as far as it is true that “we hardly ever observe pair- 
ings between animals of different varieties when living at large 
in the same or contiguous districts,” the fact in no way makes 
against my theory of physiological selection: it only serves to 

| supplement this theory, in the case of higher animals, by what 
I regard with Mr. Galton as the proved facts of psychological 
selection. 

The letter by Mr. Meldola is a masterpiece of Darwinian 
thinking, and on this account I am glad to find myself much 
more in agreement with him than he appears to suppose. For 
when he reads my full paper he will see that I have taken pre- 
cisely the same view upon natural selection as a possible cause 
—or, rather, accessory promoter—of specific sterility as that 
to the statement of which the larger part of his letter is devoted. 
I may remark, however, that of all parts of my paper I regard 
this as the most speculative and least secure. And this, first, 
because Mr. Darwin himself, after profound meditation upon 
the subject, came to the conclusion that natural selection could 
not operate so as to induce sterility ; and, next, because the 
supposition that it does so operate involves one of*the most 
difficult and complex questions in the whole philosophy of 
evolution—namely, whether it is possible for natural selection to 
modify an entire ¢yfe without reference to benefit of its con- 
stituent zzdividuals. Now, although for reasons which need 
not here be detailed, I have been led, like Mr. Meldola, to 
take a different view from that of Mr. Darwin, and to conclude 
that natural selection may benefit the type without reference to 
the individual, still I regard this conclusion as so highly specu- 
lative that I am glad to think the much more certain theory of 
physiological selection is not vitally affected either by its accept: 
ance or its rejection. If it is true that natural selection may be 
able to modify an organic type (as my critic and myself agree in 
arguing, the type in this case being a variety) by conferring on 
it the benefit of sterility with its parent form, notwithstanding 
that this cannot be effected through benefit conferred on any of 
the constituent individuals, then all we have to say in the 
present connection is that natural selection is probably one of 
the many other causes which lead to physiological selection. 

1 This, at least, is what I state in the paper. Mr. Galton, however, sug- 
gests that the principle may be extended even to plants, through “‘the 
selective appetites of the insects which carry the pollen.” This suggestion 
is unquestionably original, and bears the stamp of its author's ingenious 
mind. Moreover, considerable probability is, I think, lent to the suggestion 
by the observations of Mr. Bennett and others on individual insects selecting 
similarly coloured flowers on which to feed (see Yourn. L.S., 1883). 
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On the other hand, if natural selection cannot thus operate, all 
we have to say is that there still remain many other causes ade- 
quate to explain the occurrence of physiological selection—to 
wit, those causes which are concerned in the occurrence of 

variation in general. 
The essay by Prof. Weismann on the influence of isolation, to 

which Mr. Meldola refers, is so replete with facts and arguments 
unconsciously bearing on my theory, that in writing my pre- 
liminary paper it appeared advisable to reserve so rich a mine 
for subsequent working out in detail. In my paper, therefore, I 
have merely alluded to Prof. Weismann as one among the com- 
paratively few evolutionists who have hitherto sufficiently con- 
sidered the influence of independent variation (or the prevention 
of intercrossing) in the evolution of species. 

It only remains to consider Mr. Meldola’s extremely able 
criticism of my view that natural selection ought not in strictness 
to be regarded as a theory of the origin of species, but rather as 
a theory of the development of adaptive modifications. My 
argument is that natural selection can only be a theory of the 
origin of species in so far as species differ from one another in 
points of utilitarian significance ; and that even then it is only a 
theory of the origin of species, as it were, incidentally: the 
raison d’étve of natural selection is in all cases that of evolving 
adaptations (whether these be characteristic of species only, or 
likewise of higher taxonomic divisions) ; and if in some cases 
the result of performing this function is that of raising a variety 
into a species, such a result is merely collateral, or, in a sense, 
accidental. 
one another in points of utilitarian character, the collateral 
nature of the result might be disregarded, and the theory would | 
become a theory of the origin of species in virtue of its being a 
theory of the development of adaptations. But, asa matter of 
fact, species are very far from being always and only distinguished 
from one anther in points of utilitarian character, and in so far 

in no sense a theory of the origin of species. 

to distinguish species from species is that of mutual sterility, and 
it would be a bold flight of speculation to affirm that this has 
been in all cases the result of natural selection, when even Mr. 
Darwin was reluctantly compelled to conclude that such could 
not be the result of natural selection in any case. On the other 
hand, my theory of physiological selection explains this very 
general feature of specific distinction quite independently of 
natural selection ; and then goes on to show that, when once 
this primary distinction has arisen, many others of a secondary 
kind will ensue, both with and without the assistance of natural 
selection. 

Now, the objection which Mr. Meldola adduces against this 
argument is that I t:ave not proved physiological selection to be 
independent of natural selection. In other words, he does not 
dispute the probable truth of my theory; but he says that, 
granting its truth, it is still only ‘‘ one particular phase of natural 
selection.” But surely the burden of proof here lies on the side 
of my critic. If he can show any sufficient reason for going 
much further than i have ventured to go in out-Darwining 
Darwin—or for holding that natural selection may not merely 
help in inducing sterility in some cases, but has been the sole 
cause of it in all cases—then I should welcome his proof as show- 
ing that the principles of physiological selection ultimately and 
in all cases rest on those of natural selection. But, clearly, it is 
for him to prove his positive : not for me to prove what I regard 
as an almost preposterous negative. 

So much for the main criticism. But he adds this rider, 
namely, that, as the struggle for existence is always most severe 
between the most closely related forms, unless the new or 
sexually protected form arising under physiological selection 
possesses some distinct advantage over the old or parent form, 
it will be exterminated by the latter quite as effectually as it 
would be by intercrossing in the absence of physiological selec- 
tion. To this I may answer in the words of my full paper :— 
“So long as there is no actual detriment arising to the variety 
on account of its being sexually separated from the parent, any 
ideas derived from the theory of natural selection are plainly 
without bearing upon the subject” (p. 406). In other words, so 
Jong as in all other respects of organisation the sexually sepa- 
rated variation is not less “fit” than its parent stock, so long 
there is no reason to anticipate any disadvantage in the struggle 
for existence. And forasmuch as the sexual separation arises 
only by way of a variation locally affecting the reproductive 
system, when the variation is first sexually separated, it will in 

No doubt if species always and only differed from | 

all other respects resemble its parent stock, and so be able to 
compete with it on equal terms—mere numerical inferiority 
being without significance where intercrossing is prevented. It 
was in order to convey this meaning that I proposed as an 
alternative name of my theory, ‘‘ Segregation of the Fit” ; seeing 
that before any physiological segregation can take place there 
must be organisms to be segregated, and that unless these 
organisms had already proved themselves fitted to survive in the 
struggle for existence, in existence they could not be. But I do 
not call physiological selection ‘‘ Segregation of the Fittest,” 
because, unlike natural selection, it is in no way concerned with 
the principle of conflict. So long as the organisms which have 
been separated by physiological selection ure sufficiently fit to 
have previously passed muster at the hands of natural selection, 
there is no reason why the daughter type should be fitter than 
the parent. 

But, so far as I can see, the only material point of difference 
between Mr. Meldola and myself consists in his regarding 
physiological selection as ‘‘subordinate” to natural selection, 
while I consider the two as quite independent principles, 

, although, as explained in my paper, I believe that they fre- 
quently and in several ways play into each other’s hands. 

GEORGE J. ROMANES 
Geanies, Ross-shire, N,B., August 30 

Earth-Currents and Aurora 

THERE appears to have been a very remarkable and wide- 
spread earth-current storm on March 30 last, full particulars of 
which it would be extremely useful to have on record. My 
attention has been drawn to this storm through witnessing, on 
the evening of that day, one of the most vivid and interesting 

a ae Seder ; | displays of the aurora that Ihave ever seen. Mr. G. H. Kinahan 
as they are not thus distinguished natural selection is obviously | Pay ane 

Again, and more | 
particularly, the one feature which more than any other serves | 

writing in Nature for April 8 (p. 537), describes the same 
aurora as observed by him in Donegal between 8 and g p.m., 
and notes its peculiar bright silvery type. It must, however, have 

| been a far less imposing display at Donegal, where the weather 
was less favourable, than at Kingstown, where I saw it between 
g and Io p.m., the most brilliant display occurring between 9.30 
and 9.45 p.m. From the northerly horizon there rolled up t> 

| the zenith in quick succession streams and masses of white light, 
until the whole face of the sky to the north and west was illu- 
minated with swiftly mounting flames of silvery whiteness and 
wonderful beauty. A correspondent in NATURE for April 15 
(p. 559) describes the same aurora witnessed by him between 8 
and If p.m. on March 30, at Konigsberg, in Prussia. 

According to the Zvectriciam (April 2, p. 404), on the morn- 
ing of March 30a violent earth-current storm occurred in London, 
stopping all telegraphic work for some time. During the same 
day strong earth-eurrents are reported on the Mediterranean 
cables, and in the afternoon of that day (March 30) this terrestrial 
electric storm had reached India, lasting from 2 to 5 p.m., and 
stopping work on the Bombay and Madras line. At the same 
time powerful earth-currents are reported on the Madras and 
Penang cable, causing work over it to be stopped from 3 till 
7 p.m. on March 30. Similar disturbances are reported on the 
Java cable, beginning the same afternoon, and becoming fainter 
on all lines at 10 p.m. Recently an account has been published 
of a great earth-current storm on the China and Japan cable on 
March 30, and a diagram of the perturbations produced on 
that line is given in the Zvectrictan for August 6. The storm 
began between 4 and § p.m., Shanghai time, on March 30, and 
lasted till 11 p.m. that day, the maximum strength of the earth- 
current on the cable occurring between 6 and 7 p.m. being 
then equal to 36 milliamperes. Smaller renewals of the 
storm took place both in Europe and Asia on the morning of 
March 31. 

Perhaps some of the readers of NATuRE can give further 
details of this extensive storm, and it would also be useful to 
have on record the magnetic perturbations noticed on this 
occasion in different localities, and the time of their occur- 
rence, W. F. BARRETT 

Royal College of Science, Dublin 

Chlamydomyxa in the Engadine 

Your readers will be interested to hear that I have found here 
in Pontresina the very interesting Protozoon described twelve 
years ago, in the Quarterly Fournal of Microscopical Science, by 

a 
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Mr. Archer, of Dublin, under the name Chlamydomyxa. Mr. 
Archer obtained his specimens crawling upon, and into, the tissues 
of the bog-moss (Sphagnum) in moor-pools in Westmeath (so far as 
I recollect). He often found it in a spherical condition, encysted 
in a cellulose envelope, and more rarely expanding into a most 
curious network of fine protoplasmic threads, upon which were 
observed very numerous oblong corpuscles, which slowly tra- 
velled along the threads, thus recalling the structure of Laby- 
rinthula described by Cienkowski. 

No one has found Archer’s Chlamydomyxa, or been in a 
position to confirm independently his description, up to the 
present date. He has kindly sent to me encysted specimens of 
the Chlamydomyxa, but these would not leave their cysts and 
exhibit the characteristic network and corpuscles ; and others 
whom he has wished to oblige by a sight of this interesting 
organism haye also, I believe, failed to obtain the characteristic 
phase. 
; I have from time to time searched for Chlamydomyxa when I 
have been in a moorland region and had my microscope with 
me, but have hitherto failed to find it. It was not, therefore, 
with any great amount of confidence that I gathered some 
brownish tufts of Sphagnum from a small ditch (with slowly- 
running water) in a clearing in the pine-wood behind the tennis- 
court at Pontresina, and brought them to the hotel to search them 
for Chlamydomyxa. But I found a number of yellowish spheres 
about 1/150 inch, and less in diameter, which excited my sus- 
picions. After a brief delay these began to throw out proto- 
plasmic filaments, and soon around each was a wonderful series 
of branching stems of protoplasmic threads, reaching far away 
from the central yellow granular body and in the most varied 
directions. Along the threads minute oval corpuscles slowly 
streamed. There is no doubt that this organism belongs to 
Archer’s genus Chlamydomyxa, and probably enough is speci- 
fically distinct from that which he found in Ireland. It is ex- 
tremely abundant in the Swiss locality. 

From what I have seen of Chlamydomyxa, I am now inclined 
to admit that it is Zess closely related to Cienkowski’s Laby- 
rinthula than I had previously supposed. The moving cor- 
puscles of Cienkowski’s organism are very much larger bodies 
than are the ovoid corpuscles of Chlamydomyxa. 

Pontresina, August 23 E, Ray LANKESTER 

THE BRITISH ASSOCIATION 

eee fifty-sixth annual meeting of the British Associa- 
tion was opened in Birmingham last night, when 

Lord Rayleigh resigned the Presidential chair to Sir 
William Dawson, Principal of McGill College, Montreal. 
Theattendance at the fourth Birmingham meeting promises 
to be much above the average, and so far as the Birmingham 
people are concerned everything has been done to secure 
success. All the new public buildings, including Mason 
College and the fine new Art Gallery, have been placed 
at the disposal of the Sections. The reception-rooms, 
reading-rooms, writing-rooms, and other general rooms, 
not omitting the smoking-room, are all that could be 
desired. All the leading clubs of the town have been 
thrown open to members ; facilities have been given for 
visiting the various manufactories in the town and 
neighbourhood; the industrial exhibition in Bingley 
Hall has been admirably arranged; while there is a 
formidable programme of social entertainments and 
excursions. Among the foreign visitors expected, one 
of the most distinguished is Prof. Haeckel. There is a 
very large representation, moreover, of colonial science. 

The Local Committee kave prepared a very excellent 
Hand-Book of Birmingham for the use of the visitors, 
the various sections of which are written by specialists. 
After a General Introduction by Mr. G. J. Johnson, 
Part 1 deals with Old Birmingham, by Mr. S. Timmins. 
The various aspects of Modern Birmingham are treated 
of by different writers. The section on Art is by four 
specialists, and the Manufacturing Industries are de- 
scribed by Mr. C. J. Woodward. Part 3 is devoted 
to Geology and Physiography, and is edited by Prof. 
C. Lapworth, who has been assisted in the various 
sections by several local geologists. Part 4, dealing with 

Zoology, is edited by Mr. W. R. Hughes, F.L.S., who 
also has had the assistance of various local specialists ; 
so with the Botany, edited by Mr. W. Mathews. The ap- 
pendix comprises a variety of curious and useful informa- 
tion, while a pocket contains a useful sketch-map of the 
Geology of the Birmingham district, by Prof. Lapworth. 
lt will thus be seen that the Hand-Book, while well 
adapted for its special purpose, is likely to be of 
permanent value. 

INAUGURAL ADDRESS BY SIR J. WILLIAM Dawson, C.M.G., 
M.A., LL.D., F.R.S., F.G.S., PRINCIPAL AND VICE- 
CHANCELLOR OF MCGILL UNIVERSITY, MONTREAL, 
CANADA, PRESIDENT 

TWENTY-ONE years have passed away since the last meeting 
of the British Association in this great central city of EnglanJ. 
At the third Birmingham meeting—that of 1865—I had the 
pleasure of being present, and had the honour of being one of 
the Vice-Presidents of Section C. At that meeting my friend 
John Phillips, one of the founders of the Association, occupied 
the Presidential chair, and I cannot better introduce what I have 
to say this evening than by the eloquent words in which he 
then addressed you :—‘‘ Assembled for the third time in this busy 
centre of industrious England, amid the roar of engines anil 
clang of hammers, where the strongest powers of nature are 
trained to work in the fairy chains of art, how softly and nttingly 
falls upon the ear the accent of Science, the friend of that art, 
and the guide of that industry! Here where Priestley analysed 
the air, and Watt obtained the mastery over steam, it well be- 
comes the students of nature to gather round the standard which 
they carried so far into the fie'ds of knowledge. And when on 
other occasions we meet in quiet colleges and academic halls, 
how gladly welcome is the union of fresh discoveries and new 
inventions with the solid and venerable truths which are there 
treasured and taught. Long may such union last; the fair 
alliance of cultivated thought and practical skill ; for by it labour 
is dignified and science fertilised, and the condition of human 
society exalted.” These were the words of a man who, while 
earnest in the pursuit of science, was full of broad and kindly 
sympathy for his fellow-men, and of hopeful confidence in the 
future. We have but to turn to the twenty Reports of this 
Association, issued since 1865, to see the realisation of that 
union of science and art to which he so confidently looked for- 
ward, and to appreciate the stupendous results which it has 
achieved. In one department alone—that to which my prede- 
cessor in this chair so eloquently adverted in Aberdeen, the 
department of education in science—how much has been accom- 
plished since 1865. Phillips himself lived to see a great revolu- 
tion in this respect at Oxford. But no one in 1865 could have 
anticipated that immense development of local schools of science 
of which your own Mason College and your admirable technical, 
industrial, and art schools are eminent examples. Based on the 
general education given by the new system of Board-schools, 
with which the name of the late W. E. Forster will ever be 
honourably connected, and extending its influence upward to 
special training and to the highest University examinations, this 
new scientific culture is opening paths of honourable ambition to 
the men and women of England scarcely dreamed of in 1865. 
I sympathise with the earnest appeal of Sir Lyon Playfair, in 
his Aberdeen address, in favour of scientific education; but, 
visiting England at rare intervals, I am naturally more impressed 
with the progress that has been made than with the vexatious 
delays which have occurred, and am perhaps better able to 
appreciate the vast strides that have been taken in the direction 
of that complete and all-pervading culture in science which he has 
so ably advocated. 

No one could have anticipated twenty years ago that a Bir- 
mingham manufacturer, in whose youthful days there were no 
schools of science for the people, was about to endow a College, 
not only worthy of this great city, but one of its brightest orna- 
ments.! Nor could any one have foreseen the great development 
of local scientific Societies, like your Midland Institute and 
Philosophical Society, which are now flourishing in every large 
town and in many of those of less magnitude. The period of 
twenty-one years that has elapsed since the last birmingham 
meeting has also been an era of public museums and labora- 
tories for the teaching of science, from the magnificent national 

. It was in 1865 that Sir Josiah Mason was, quietly and without any 
ublic note, beginning to lay the foundation of his orphanage at Erdington 
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institutions at South Kensington and those of the great Uni- 
versities and their Collezes down to those of the schools and field- 
clubs in country towns. It has besides been an era of gigantic 
progress in original work and in publication—a progress so rapid 
that workers in every branch of study have been reluctantly 
obliged to narrow in more and more their range of reading and 
of effort to keep abreast of the advance in their several depart- 
ments. Lastly, these twenty-one years have been characterised 
as the ‘‘coming of age” of that great system of philosophy with 
which the names of three Englishmen—Darwin, Spencer, and 
Wallace—are associated as its founders. Whatever opinions 
one may entertain as to the sufficiency and finality of this philo- 
sophy, there can be no question as to its influence on scientific 
thought. On the one hand, it is inaccurate to compare it with 
so entirely different things as the discovery of the chemical ecle- 
ments and of the law of gravitation ; on the other, it is scarcely 
fair to characterise it as a mere ‘‘ confused development ” of the 
mind of the age. It is indeed a new attempt of science in its 
maturer years to grapple with those mysterious questions of 
origins which occupied it in the days of its infancy, and it is to 
be hoped that it may not, like the Titans of ancient fable, be 
hurled back from heavea, or, like the first mother, find the 
knowledge to which it aspires a bitter thing. In any case we 
should fully understand the responsibility which we incur when 
in these times of fuli-grown science we venture to deal with the 
great problem of origins, and should be prepared to find that in 
this field the new philosophy, like those which have preceded 
it, may meet with very imperfect success. The agitation of these 
subjects has already brought science into close relations, some- 
times friendly, so netimes hostile, it is to he hoped in the end 
helpful, with those great and awful questions of the ultimate 
destiny of humanity, and its relations to its Creator, which must 
always be nearer to the human heart than any of the achieve- 
ments of science on its own ground. In entering on such ques- 
tions we should proceed with caution and reverence, feeling that 
we are on holy ground, and that though, like Moses of old, we 
may be arined with all the learning of our time, we are in the 
presence of that which while it burns is not consumed ; of a 
mystery which neither observation, experiment, nor induction 
can ever fully solve. 

In a recent addre s, the late President of the Royal Society 
called attention to the fact thet, within the life-time of the older 
men of science of the present day, the greater part of the vast 
body of knowledge included in the modern sciences of physics, 
chemistry, biology, and geology has been accumulated, and the 
most important advances made in its application to such com- 
mon and familiar things as the railway, ocean navigation, the 
electric telegraph, electric lighting, the telephone, the germ- 
theory of disease, the use of anzesthetics, the processes of metal- 
lurgy, and the dyeing of fabrics. Even since the last meeting 
in this city much of this great work has been done, and has led 
to general results of the most marvellous kind. What at that 
ume could have appeared more chimerical than the opening up, 
by the enterprise of one British colony, of a shorter road to the 
East by way of the extreme West, realising what was happily 
called by Milton and Cheadle ‘‘ the new North-West Passage,” 
making Japan the next neighbour of Canada on the west, and 
offering to Britain a new way to her Eastern possessions ; or 
than the possibility of this Association holding a successful 
meeting on the other side of the Atlantic? We have now an 
invitation to meet in Australia, and may, if we please, pro- 
ceed thither by the Canadian Pacific Railway and its new 
lines of steamers, returning by the Suez Canal.! To-day this 
is quite as feasible as the Canadian visit would have been in 
1865. It is science that has thus brought the once widely 
separated parts of the world nearer to each other, and is break- 
ing down those geographical barriers which have separated the 
different portions of our widely extended British race. Its work 
in this is not yet complete. Its goal to-day is its starting-point 
to-morrow. It is as far as at any previous time from seeing the 
limit of its conquests, and every victory gained is but the open- 
ing of the way for a further advance. 

By its visit to Canada the British Association has asserted its 
Imperial character, and has consolidated the scientific interests 
of Her Majesty’s dominions, in advance of that great gathering 
of the industrial products of all parts of the Empire now on ex- 
hibition in London, and in advance of any political plans of 

“ 

= lie is expected that, on the completion of the whole of the connections 
of the Canadian Pacific Railway, the time from ocean to ocean may be 
reduced to 116 hours, and from London to Hong Kong to 27 days. 

Imperial federation.! There has even been a project before us 
for an International Scientific Convention, in which the great 
English Republic of America shall take part—a project the 
realisation of which was to some extent anticipated in the fusion 
of the members of the British and American Associations at 
Montreal and Philadelphia in 1884. As a Canadian, as a past 
President of the American Association, and now honoured with 
the Presidency of this Association, I may be held to represent 
in my own person this scientific union of the British Islands, of 
the various Colonies, and of the great Republic, which, what- 
ever the difficulties attending its formal accomplishment at pre- 
sent, is certain to lead to an actual and real union for scientific 
work. In furtherance of this I am glad to see here to-day in- 
fluential representatives of most of the British Colonies, of 
India, and of the United States. We welcome here also dele- 
gates from other countries, and though the barrier of language 
may at present prevent a larger union, we may entertain the 
hope that Britain, America, India, and the Colonies, working 
together in the interest of science, may ultimately render our 
English tongue the most general vehicle of scientific thought and 
discovery—a consummation of which I think there are, at present, 
many indications. 

But, while science marches on from victory to victory, its path 
is marked by the resting-places of those who have fought its 
battles.and assured its advance. In looking back to 1865 there 
rise before me the once familiar countenances of Phillips, Mur- 
chison, Lyell, Forbes, Jeffreys, Jukes, Rolleston, Miller, Spottis- 
woode, Fairbairn, Gassiot, Carpenter, and a host of others, 
present in full vigour at that meeting, but no more with us. 
These were veterans of science; but, alas! many then young 
and rising in fame are also numbered with the dead. It may be 
that before another Birmingham meeting many of us, the older 
members now, will also have passed away. But these men have 
left behind them ineffaceable monuments of their work, in which 
they still survive, and we rejoice to believe that, though dead to 
us, they live in that company of the great and good of all ages 
who have entered into that unseen Universe where all that is 
high and holy and beautiful must go on accumulating till the 
time of the restitution of all things. Let us follow their example 
and carry on their work, as God may give us power and oppor- 
tunity, gathering in precious stores of knowledge and of thought, 
in the belief that all truth is immortal, and must go on for ever 
bestowing blessings on mankind. Thus will the memory of the 
mighty dead remain to us as a power which, 

“* Tike a star, 
Beaco ns from the abode where the eternal are. 

I do not wish, however, to occupy your time longer with 
general or personal matters, but rather to take the opportunity 
afforded by this address to invite your attention to some topics 
of scientific interest. In attempting to do this, I must have 
before me the warning conveyed by Prof. Huxley, in the 
address to which I have already referred, that in our time 
science, like Tarpeia, may be crushed with the weight of the 
rewards bestowed on her. In other words, it is impossible for 
any man to keep pace with the progress of more than one limited 
branch of science, and it is equally impossible to find an audience 
of scientific men of whom anything more than a mere fraction 
can be expected to take an interest in any one subject. There 
is, however, some consolation in the knowledge that a speaker 
who is sufficiently simple for those who are advanced specialists 
in other departments, will of necessity be also sufficiently simple 
to be understood by the general public who are specialists in 
nothing. On this principle a geologist of the old school, 
accustomed to a great variety of work, may hope so to scatter 
his fire as to reach the greater part of the audience. In en- 
deavouring to secure this end, I have sought inspiration from 
that ocean which connects rather than separates Britain and 
America, and may almost be said to be an English sea—the 
North Atlantic. The geological history of this depression of 
the earth’s crust, and its relation to the continental masses 
which limit it, may furnish atheme at once generally intelligible 
and connected with great questions as to the structure and 
history of the earth, which have excited the attention alike of 
physicists, geologists, biologists, geographers, and ethnologists. 
Should I, in treating of these questions, appear to be somewhat 
abrupt and dogmatic, and to indicate rather than state the 

* I should note here, in connection with this, the valuable volume of 
“Canadian Ecenomics,” edited by Mr. D. A. P. Watt, which was one of 
the results of the Montreal meeting. 
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evidence of the general views announced, I trust you will kindly 
attribute this to the exigencies of a short address. 

If we imagine an observer contemplating the earth from a 
convenient distance in space, and scrutinising its features as it 
rolls before him; we may suppose him to be struck with the fact 
that eleven-sixteenths of its surface are covered with water, and 
that the land is so unequally distributed that from one 
point of view he would see a hemisphere almost exclu- 
sively oceanic, while nearly the whole of the dry land is 
gathered in the opposite hemisphere. He might observe that 
the great oceanic area of the Pacific and Antarctic Oceans is 
dotted with islands—like a shallow pool with stones rising above 
its surface—as if its general depth were small in comparison 
with its area. He might also notice that a mass or belt of land 
surrounds each Pole, and that the nerthern ring sends off to the 
southward three vast tongues of Jand and of mountain-chains, 
terminating respectively in South America, South Africa, and 
Australia, towards which feebler and insular processes are given 
off by the Antarctic continental mass. This, as some geo- 
graphers have observed,! gives a rudely three-ribbed aspect to 
the earth, though two of the three ribs are crowded together and 
form the Europ-asian mass, or double continent, while the third 
is isolated in the single continent of America. He might also 
observe that the northern girdle is cut across, so that the 
Atlantic opens by a wide space into the Arctic Sea, while the 
Pacific is contracted towards the north, but confluent with the 
Antarctic Ocean. The Atlantic is also relatively deeper and 
less cumbered with islands than the Pacific, which has the 
higher ridges near its shores, constituting what some visitors to 
the Pacific coast of America have not inaptly called the ‘‘ back 
of the world,” while the wider slopes face the narrower ocean, 
into which for this reason the greater part of the drainage of the 
land is poured.* The Pacific and Atlantic, though both depres- 
sions or flattenings of the earth, are, as we shall find, different 
in age, character, and conditions ; and the Atlantic, though the 
smaller, is the older, and, from the geological point of view, in 
some respects the more important of the two. 

[f our imaginary observer had the means of knowing anything 
of the rock-formations of the continents, he would notice that 
those bounding the North Atlantic are in general of great age, 
some belonging to the Laurentian system. On the other hand, 
he would see that many of the mountain-ranges along the Pacific 
are comparatively new, and that modern igneous action occurs 
in connection with them. Thus he might be led to believe that 
the Atlantic, though comparatively narrow, is an older feature 
of the earth’s surface, while the Pacific belongs to more modern 
times. But he would note in connection with this that the 
oldest rocks of the great continental masses are mostly toward 
their northern ends, and that the borders of the northern ring of 
land and certain ridges extending southwards from it constitute 
the most ancient and permanent elevations of the earth’s crust, 
though now greatly surpassed by mountains of more recent age 
nearer the equator. Before leaving this general survey we may 
make one further remark. An observer looking at the earth 
from without would notice that the margins of the Atlantic and 
the main lines of direction of its mountain-chains are north-east 
and south-west, and north-west and south-east, as if some early 
causes had determined the occurrence of elevations along great 
circles of the earth’s surface tangent to the polar circles. 
We are invited by the preceding general glance at the surface 

of the earth to ask certain questions respecting the Atlantic :— 
(1) What has at first determined its position and form? (2) 
What changes has it experienced in the lapse of geological time ? 
(3) What relations have these changes borne to the development 
of life on the Jand and in the water? (4) What is its probable 
future ? 

Before attempting to answer these questions, which I shall 
not take up formally in succession, but rather in connection 
with each other, it is necessary to state as briefly as possible 
certain general conclusions respecting the interior of the earth. It 
is popularly supposed that we know nothing of this beyond a super- 
ficial crust perhaps averaging 50,000 to 100,000 feet in thickness. 
It is true we have no means of exploration in the earth’s interior, 
but the conjoined labours of physicists and geologists have now 
proceeded sufficiently far to throw much inferential light on the 
subject, and to enable us to make some general affirmations with 

* Dana, ‘‘ Manual of Geology,” introductory part. Green, ‘‘ Vestiges of a 
Molten Globe,’’ has summed up these facts. 

* Mr. Mellard Reade, in two Presidential addresses before the Geological 
Society of Liverpool, has well illustrated this point and its geological con- 
sequence. 

certainty ; and these it is the more necessary to state distinctly, 
since they are often treated as mere subjects of speculation and 
fruitless discussion. 

(1) Since the dawn of geological science it has been evident 
that the crust on which we live must be supported on a plastic 
or partially liquid mass of heated rock, approximately uniform 
in quality under the whole of its area. This is a legitimate con- 

clusion from the wide distribution of voleanic phenomena, and 
from the fact that the ejections of volcanoes, while locally of 
various kinds, are similar in every part of the world. It led to 
the old idea of a fluid interior of the earth, but this is now gene- 
rally abandoned, and this interior heated and plastic layer is 
regarded as merely an under-crust. f 

(2) We have reason to believe, as the result of astronomical 
investigations,! that, notwithstanding the plasticity or liquidity 
of the under-crust, the mass of the earth—its nucleus as we may 
call it—is practically solid and of great density and hardness. 
Thus we have the apparent paradox of a solid yet fluid earth, 
solid in its astronomical relations, liquid or plastic for the pur- 
poses of volcanic action and superficial movements.” 

(3) The plastic sub-crust is not in a state of dry igneous 
fusion, but in that condition of aqueo-igneous or hydro-thermic 
fusion which arises from the action of heat on moist substances, 
and which may either be regarded as a fusion or as a species of 
solution at a very high temperature. This we learn from the 
phenomena of volcanic action, and from the composition of the 
volcanic and plutonic rccks, as well as from such chemical 
experiments as thosp of Daubrée and of Tilden and Shenstone.* 

(4) The interior sub-crust is not perfectly homogeneous, Lut 

may be roughly divided into two layers or magmas, as they have 
been called: an upper, highly siliceous or acidic, of low specific 
gravity and light-coloured, and corresponding to such kinds of 
plutonic and volcanic rocks as granite and trachyte ; and a lower, 
less siliceous or more basic, more dense, and more highly 
charged with iron, and corresponding to such igneous rocks as 
the dolerites, basalts, and kindred lavas. It is interesting here 
to note that this conclusion, elaborated by Durocher and Von 
Waltershausen, and usually connected with their names, appears 
to have been first announced by John Phillips, in his “« Geologi- 
cal Manual,” and as a mere common-sense deduction from the 
observed phenomena of volcanic action and the probable results 
of the gradual cooling of the earth.4 It receives striking con- 
firmation from the observed succession of acidic and basic vol- 
canic rocks of all geological periods and in all localities. It 
would even seem, from recent spectroscopic investigations of 
lockyer, that there is evidence of asimilar succession of magmas 
in the heavenly bodies, and the discovery by Nordenskjo!d of 
native iron in Greenland basalts affords a probability that the 
inner magma is in part metallic.® 

(5) Where rents or fissures form in the upper crust, the mate- 
rial of the lower crust is forced upward by the pressure of the 
less supported portions of the former, giving rise to volcanic 
phenomena either of an explosive or quiet character, as may be 
determined by contact with water. The underlying material 

— 2 ee RE Re es ay Se es 
1 Hopkins, Mallet, Sir William Themsen, and Prof. G. H. Darwin main- 

tain the solidity and rigidity of the earth on astronomical grounds; but 
different conclusions have been reached by Hennesey, Delaunay, and Airy. 
In America, Barnard and Crosby, Dutton, Le Conte, and Wadsworth have 
discussed these questions. fh inch 

2 An objection has teen taken to the effect that the supposed ellipsoidal 
form of the equator is inconsistent with a plastic sub-crust. But this ellips- 
oidal form is not absolutely certain, or, if it exists, is very minute. Lonney 
has ina recent lecture suggested the important ccnsideration that a mass 
may be slowly mobile under long-continued pressure, while yet rigid with 
reference to more sudden movements. i P 

3 Phil. Trans., 1884. Also Crosby in Proc. Boston Sec. Nat. Hist., 
1883. — 6 Hone gee 

4 Phillips says (* Manual of Geology,” 1855, p. 493) :—‘* If we regard them 
(the internal crystalline rocks) as acquiring solidification by cooling in zones 
parallel to the surface, we should have sheets of granitic and basaltic rocks 
generated below, the first uppermost, the last undermost, while above the 
several strata were produced in aseries beginningat the bottom. In this sense 
the rocks of fusion may be called, with Lyell, Aypogene. Certainly under par- 
t cular areas of country are found evidence of the liquefaction of one set of 
igneous products after the solidification of others. Many dykes of basalt tra- 
versing granite show themselves to have been in fusion after the solidification of 
the granite."’ In various forms Phillips returns to this idea, as at pp. 556 
and 564, in that unpretending manner which was his wont. Dr. Sterry Hunt 
has kindly directed my attention to the fact of Phillips’s right of priority in 
this matter. Durccher in 1857 elaborated the theory of magmas in the 
Annales des Mines, and we are indebted to Dutton, of the United States 
Geological Survey, for its detailed application to the remarkable volcanic 
outflows of Western America. 

5 These basalts occur at Ovifak, Greenland. Andrews has found small 
particles of iron in British basalts. Prestwich and Judd have referred to 

} the bearing on general geology of these facts, and of Lockyer’s suggestions. 
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may also be carried to the surface by the agency of heated 
water, producing those quiet discharges which Hunt has named 
crenitic. It is to be observed here that explosive voleanic phe- 
nomena, and the formation of cones, are, as Prestwich has well 
remarked, characteristic of an old and thickened crust; quiet 
ejection from fissures and hydro-thermal action may have been 
more common in earlier periods and with a thinner over-crust. 

(6) The contraction of the earth’s interior by cooling and by 

the emission of material from below the over-crust, has caused 
this crust to press downward, and therefore laterally, and so to 
effect great bends, folds, and plications; and these modified 
subsequently by surface denudation constitute mountain-cbains 
and continental plateaus. As Hall long ago pointed out,! such 
lines of folding have been produced more especially where thick 
sediments had been laid downon the sea-bottom. Thus we have 
here another apparent paradox, namely, that the elevations of the 
earth’s crust occur in the places where the greatest burden of 
detritus has been laid down upon it, and where consequently the 
crust has been softened and depressed. We must beware, in 
this connection, of exaggerated notions of the extent of contrac- 
tion and of crumbling required to form mountains. Bonney has 
well shown, in lectures delivered at the London Institution, that 
an amount of contraction, almost inappreciable in comparison 
with the diameter of the earth, would be sufficient ; and that as 
the greatest mountain-chains are less than 1/600 of the earth’s 
radius in height, they would on an artificial globe a foot in dia- 
meter be no more :mportant than the slight inequalities that 
might result from the paper gores overlapping each other at the 
edges. 

(7) The crushing and sliding of the over-crust inplied in these 
movements raise some serious questions of a physical character. 
One of these relates to the rapidity or slowness of such move- 
ments, and the consequent degree of intensity of the heat 
developed, as a possible cause of metamorphism of rocks. 
Another has reference to the possibility of changes in the equili- 
brium of the earth itself as resulting from local collapse and 
riaging, These questions in connection with the present disso- 
ciation of the axis of rotation from the magnetic poles, and with 
changes of climate, have attracted some attention,” and probably 
deserve further consideration on the part of physicists. In so 
far as geological evidence is concerned, it would seem that the 
general association of crumbling with metamorphism indicates a 
certain rapidity in the process of mountain-making, and conse- 
quent development of heat, and the arrangement of the older 
rocks around the Arctic basin forbids us from assuming any 
extensive movement of the axis of rotation, though it does not 
exclude changes to a limited extent. I hope that Prof. Darwin 
will discuss these points in his address to the Physical Section. 

I wish to formulate these principles as distinctly as possible, 
and as the result of all the long series of observations, calcula- 
tions, and discussions since the time of Werner and Hutton, and 
in which a vast number of able physicists and naturalists have 
borne a part, because they may be considered as certain deduc- 
tions from our actual knowledge, and because they lie at the 
foundation of a rational physical geology. 
We may popularise these deductions by comparing the earth 

to a drupe or stone-fruit, such as a plum or peach, somewhat 
dried up. It has a large and intensely hard stone and kernel, a 
thin pulp made up of two layers, an inner more dense and dark- 
coloured, and an outer less dense and lighter-coloured. These 
constitute the under-crust. On the outside it has a thin membrane 
or over-crust. In the process of drying it has slightly shrunk, 
so as to produce ridges and hollows of the outer crust, and this 
outer crust has cracked in some places, allowing portions of the 
pulp to ooze out—in some of these its lower dark substance, in 
others its upper and lighter material. The analogy extends no 
further, for there is nothing in our withered fruit to represent 
the oceans occupying the lower parts of the surface or the deposits 
which they have laid down. 

Keeping in view these general conclusions, let us now turn to 
their bearing on the origin and history of the North Atlantic. 

Though the Atlantic is a deep ocean, its basin does not con- 
stitute so much a depression of the crust of the earth as a 
flattening of it, and this, as recent soundings have shown, with a 
slight ridge or elevation along its middle, and banks or terraces 

t Hall (American Association Address, 1857, subsequently republished, with 
additions, as ‘‘ Contributions to the Geological History of the American Conti- 
nent,’’ Mallet), Rogers, Dana, Le Conte, &c, 

* See recent papers of Oldham and Fisher in the Geological Magazine and 
Philosophical Magazine, July 1886. Also Péroche, *‘ Revol. Polaires’’ 
(Paris, 1886). 
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fringing the edges, so that its form is not so much that of a basin 
as that of a shallow plate with its middle alittle raised. Its true 
permanent margins are composed of portions of the over-crust 
folded, ridged up, and crushed, as if by lateral pressure emanat- 
ing from the sea itself. We cannot, for example, look at a 
geological map of America without perceiving that the Appala- 
chian ridges, which intervene between the Atlantic and the St. 
Lawrence Valley, have been driven bodily back by a force acting 
from the east, and that they have resisted this pressure only 
where, as in the Gulf of St. Lawrence and the Catskill region 
of New York, they have been protected by outlying masses of 
very old rocks, as, for example, by that of the Island of New- 
foundland and that of the Adirondack Mountains. The admir- 
able work begun by my friend and fellow-student,. Prof. James 
Nicol, followed up by Hicks, Lapworth, and others, and now, 
after long controversy, fully confirmed by the recent observations 
of the Geological Survey of Scotland, has shown the most intense 
action of the same kind on the east side of the ocean in the 
Scottish highlands ; and the more widely distributed Eozoic 
rocks of Scandinavia may be appealed to in further evidence of 
this. 

If we now inquire as to the cause of the Atlantic depression, 
we must go back to a time when the areas occupied by the 
Atlantic and its bounding coasts were parts of a shoreless sea in 
which the earliest gneisses or stratified granites of the Laurentian 
age were being laid down in vastly extended beds. These 
ancient crystalline rocks have been the subject of much discus- 
sion and controversy, and as they constitute the lowest and 
probably the firmest part of the Atlantic sea-bed, it is necessary 
to inquire as to their origin and history. Dr. Bonney, the late 
President of the Geological Society, in his anniversary address, 
and Dr. Sterry Hunt, in an elaborate paper communicated to 
the Royal Society of Canada, have ably summed up the hypo- 
theses as to the origin of the oldest Laurentian beds. At the 

thick beds of orthoclase gneiss, which are the oldest stratified 
rocks known to us, are substantially the same in composition 
with the upper or siliceous magma or layer of the under-crust. 
They are, in short, its materials either in their primitive condi- 
tion or merely re-arranged. One theory considers them as 
original products of cooling, owing their lamination merely to 
the successive stages of the process. Another view refers them 
to the waste and re-arrangement of the materials of a previously 
massive granite. Still another holds that all our granites really 
arise from the fusion of old gneisses of originally aqueous origin ; 
while a fourth refers the gneisses themselves to molecular 
changes effected in granite by pressure. These several views, 
in so far as they relate to the oldest or fundamental Laurentian 
gneiss, may be arranged under the following heads :—(1) Exdo- 
plutonic, or that which regards all the old gneisses as molten 
rocks cooled from without inward in successive layers.? (2) 
Lxoplutonic, or that which considers them as made up of matter 
ejected from below the upper crust in the manner of volcanic 
action.’ (3) Metamorphic, which supposes the old gneisses to 
arise from the crystallisation of detrital matter spread over the 
sea-bottom, and either igneous or derived from the decay of 
igneous rocks,4 (4) Chaotic or Thermo-chaotic, or the theory of 
deposit from the turbid waters of a primeval ocean either with 
or without the aid of heat.® In one form this was the old theory 
of Werner. (5) Crenitic or Hydro-thermic, which supposes the 
action of heated waters penetrating below the crust to be con- 
stantly bringing up to the surface mineral matters in solution and 
depositing these so as to form feldspathic and other rocks.® 

* Address to the Geological Section, by Prof. Judd, Aberdeen meeting, 
1885. According to Rogers, the crumpling of the Appalachians has reduced 
a breadth of 158 miles to about 60. 

2 Naumann, Phillips, Durocher, McFarlane, &c. 
3 Clarence King, Tornebohm, Marr, &c. 
4 Lyell, Kopp, Reusch, Judd, &c. 5 Scrope, Delabeche, Daubrée, _ 
6 Hunt, doc. cit. The following is Dr. Hunt’s summary statement of this 

theory :—*‘ The globe consolidating at the centre left, it is conceived, a super- 
ficial layer of basic silicates, which has yielded all the fixed elements of the 
earth’s crust. 
sea, the acid waters of which, permeating and partially decomposing it, 
became thereby chemically neutralised. This last-cooled layer, mechanically 
disintegrated, saturated with water, and heated by the central mass, was the 
source of mineral springs, holding in solution the silicates which built up the 
ancient gneisses and similar rocks. Granitic veins and zeolites are due to 
survivals of the process which generated the gneissic rocks. “The hypothesis 
of their formation from materials brought to the surface by mineral springs 
from the primitive basic layer affords, it is claimed, the elements ofa com- 
plete and intelligible explanation of the origin of the Eozoic rocks. ‘Ihis 
upward lixiviation of the primitive mass, and the deposition over it of an 
acidic granite-like rock, would leave below a highly basic material, aad the 

, division of the mass thus established would correspond to that of the trachytic 

basis of these hypotheses lies the admission that the immensely _ 

This layer formed the first land and the floor of the primeval’ 
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It will be observed, in regard to these theories, that none of 
them supposes that the old gneiss is an ordinary sediment, but 
that all regard it as formed in exceptional circumstances, these 
circumstances being the absence of land and of sub-aerial decay 
of rock, and the presence wholly or principally of the material 
of the upper surface of the recently hardened crust. This being 
granted, the question arises, Ought we not to combine these 
several theories and to believe that the cooling crust has hardened 
in successive layers from without inward ; that at the same time 
fissures were locally discharging igneous matter to the surface ; 
that matter held in suspension in the ocean, and matter held in 
solution by heated waters rising from beneath the outer crust 
were mingling their materials in the deposits of the primitive 
ocean? Jt would seem that the combination ofall these agencies 
may safely be invoked as causes of the pre-Atlantic deposits. 
This is the eclectic position which I endeavoured to maintain in 
my address before the Minneapolis meeting of the American 
Association in 1883, and which I still hold to be in every way 
probable. 

A word here as to metamorphism, a theory which, like many 
others, has been first run to death and then discredited, but 
which to the moderate degree in which it was originally held by 
Lyell is still valid. Nothing can be more certain than that the 
composition of the Laurentian gneisses forbids us to suppose that 
they can be ordinary sediments metamorphosed. They are 
rocks peculiar in their origin, and not paralleled unless excep- 
tionally in later times. On the other hand, they have un- 
doubtedly experienced very important changes, more especially 
as to crystallisation, the state of combination of their ingredients, 
and the development of disseminated minerals ;! and while this 
may in part be attributed to the mechanical pressure to which 
they have been subjected, it requires also the action of hydro- 
thermic agencies. Any theory which fails to invoke both of 
these kinds of force must necessarily be partial and imperfect. 

But all metamorphic rocks are not of the same character with 
the gneisses of the Lower Laurentian. Even in the Middle 
and Upper Laurentian we have metamorphic rocks, e.g. quartzite 
and limestone, which must originally have been ordinary aqueous 
deposits. Still more in the succeeding Huronian and its asso- 
ciated series of beds, and in the Lower Paleozoic, local meta- 
morphic change has been undergone by rocks quite similar to 
those which in their unaltered state constitute regular sedimentary 
deposits. In the case of these later rocks it is to be borne in 
mind that, while some may have been of volcanic origin, others 
may have been sediments rich in undecomposed fragments of 
silicates. It isa mistake to suppose that the ordinary decay of 
stratified siliceous rocks is a process of kaolinisation so perfect as 
to eliminate all alkaline matters. On the contrary, the fact, 
which Judd has recently well illustrated in the case of the mud 
of the Nile, applies to a great number of similar deposits in all 
parts of the world, and shows that the finest sediments have not 
usually been so completely lixiviated as to be destitute of the 
basic matters necessary for their conversion into gneiss, mica- 
schist, and similar rocks when the necessary agencies of meta- 
morphism are applied to them, and this quite independently of 
any extraneous matters introduced into them by water or other- 
wise. Still it must be steadily kept in view that many of the 
old pre-Cambrian crystalline rocks must have been different 
originally from those succeeding them, and that consequently 
these last even when metamorphosed present different characters, 

I may remark here that, though a paleontologist rather than 
a lithologist, it gives me great pleasure to find so much attention 

now given in this country to the old crystalline rocks, and to 
their study microscopically and chemically as well as in the 
field, a work in which Sorby and Allport were pioneers. Asa 
pupil of the late Prof. Jameson, of Edinburgh, my own attention 
was early attracted to the study of minerals and rocks as the 
stable foundations of geological science ; and as far back as 1841 
I had learnt of the late Mr. Sanderson, of Edinburgh, who 
worked at Nicol’s sections, how to slice rocks and fossils ; and 
since that time I have been in the habit of examining everything 

and doleritic magmas, which have been conjectured to be the sources of two 
great types of eruptive rocks. Inasmuch, however, as according to the 
present hypothesis these two layers of basic and acidic matters are the 
results of aqueous action, and not of an original separation in a plutonic mass, 
as imagined by Phillips and Durocher, their composition would be subiect to 
many local variations.” ; 

* The first of these is what Bonney has called Metastasis. The second 
and third come under the name Metacrasis. Methylosrs, or change of 
substance, is altogether exceptional, and not to be credited except on the 
best evidence, or in cases where volatile matters have been expelled, as in 
the change of hematite into magnetite, or of bituminous coalinto anthracite. 

with the microscope. The modern developments in this direction 
are therefore very gratifying, even though, as is natural, they 
may sometimes appear to be pushed to» far or their value 
over-estimated. 

That these old gneisses were deposited not only in what is 
now the bed of the Atlantic, but also on the great continental 
areas of America and Europe, any one who considers the wide 
extent of these rocks represented on the map recently published 
by Prof. Hull can readily understand (7yavzs. Royal Irish 
Academy). It is true that Hull supposes that the basin of the 
Atlantic itself may have been land at this time, but there is no 
evidence of this, more especially as the material of the gneiss 
could not have been detritus derived from sub-aérial decay of 
rock. 

Let us suppose, then, the floor of old Ocean covered with a 
flat pavement of gneiss, or of that material which is now gneiss, 
the next question is, How and when did this original bed become 
converted into seaand land? Here we have some things certain, 
others most debatable. That the cooling mass, especially if it 
was sending out volumes of softened rocky material, either in 
the exoplutonic or in the crenitic way, and piling this on the 
surface, must soon become too small for its shell, is apparent ; 
but when and where would the collapse, crushing, and wrinkling 
inevitable from this cause begin? Where they did begin is 
indicated by the lines of mountain-chains which traverse the 
Laurentian districts ; but the reason why is less apparent. The 
more or less unequal cooling, hardening, and conductive power 
of the outer crust we may readily assume. The driftage un- 
equally of water-borne detritus to the south-west by the bottom 
currents of the sea is another cause, and, as we shall soon see, 
most effective. Still another is the greater cooling and harden- 
ing of the crust in the polar regions, and the tendency to collapse 
of the equatorial protuberance from the slackening of the earth’s 
rotation. Besides these the internal tides of the earth’s substance 
at the times of solstice would exert an oblique pulling force on 
the crust, which might tend to crack it along diagonal lines. 
From whichever of these causes or the combination of the whole, 
we know that within the Laurentian time folded portions of the 
earth’s crust began to rise above the general surface in broad 
belts running from north-east to south-west, and from north-west 
to south-east, where the older mountains of Eastern America 
and Western Europe now stand, and that the subsidence of the 
oceanic areas allowed by this crumpling of the crust permitted 
other areas on both sides of what is now the Atlantic to form 
limited table-lands.!_ This was the beginning of a process re- 
peated again and again in subsequent times, and which began 
in the Middle Laurentian, when for the first time we find beds 
of quartzite, limestone, and iron ore, and graphitic beds, in- 
dicating that there was already land and water, and that the sea, 
and perhaps the land, swarmed with animal and plant life of 
forms unknown to us for the most part now. Independently of 
the questions as to the animal nature of Eozoon, I hold that we 
know, as certainly as we can know anything inferentially, of the 
existence of these primitive forms of life. If I were to conjecture 
what were the early forms of plant and animal life, I would 
suppose that just as in the Palaeozoic the acrogens culminated in 
gigantic and complex forest trees, so in the Laurentian the Algze, 
the lichens, and the mosses grew to dimensions and assumed 
complexity of structure unexampled in later times, and that in 
the sea the humbler forms of Protozoa and Hydrozoa were the 
dominant types, but in gigantic and complex forms. The land 
of this period was probably limited, for the most part, to high 
latitudes, and its aspect, though more rugged and abrupt, and 
of greater elevation, must have been of that character which we 
still see in the Laurentian hills. The distribution of this ancient 
land is indicated by the long lines of old Laurentian rock extend- 
ing from the Labrador coast and the north shore of the St. 
Lawrence, and along the eastern slopes of the Appalachians in 
America, and the like rocks of the Hebrides, the Western High- 
lands, and the Scandinavian mountains. A small but interesting 
remnant is that in the Malvern Hills, so well described by Holl. 
Ir will be well to note here, and to fix on our minds, that these 
ancient ridges of Eastern America and Western Europe have 
been greatly denuded and wasted since Laurentian times, and 
that it is along their eastern sides that the greatest sedimentary 
accumulations have been deposited. 

From this time dates the introduction of that dominance of 

t Daubrée’s curious experiments on the contraction of caoutchouc balloons 
partially hardened by coating with varnish, shows how small inequalities of 
the crust, from whatever cause arising, might affect the formation of wrinkles, 
and also that transverse as well as Jongitudinal wankling might occur, 
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existing causes which forms the ba-is of uniformitarianism in 
geology, and which had to go on with various and great modi- 
fications of detail, through the successive stages of the geological 
history, till the land and water of the northern henisphere 
attained to their present complex structure. . 

So soon as we have a circumpolar belt or patches of Eozoic 
(or Archzean, or pre-Cambrian, if these terms are preferred) 
land, and ridges running southward from it, we enter on new and 
m re complicated methods of growth of the continents and seas. 
Here we are indebted to Le Conte for clearly pointing out that 
our original Eozoic tracts of continent were in the earliest times 
areas of deposition, and that the first elevations of land out of 
the primeeval ocean must have differed in important points from 
all that have succeeded them ; but they were equally amenable 
to the ordinary laws of denudation. Portions of these olcest 
crystalline rocks, raised out of the protecting water, were now 
eroded by atmospheric agents, and especially by the carbonic 
acid, then existing in the atmosphere perhaps more abundantly 
than at present, under whose influence the hardest of the gneissic 
rocks gradually decay. The Arctic lands were subjected in 
addition to the powerful mechanical force of frost and thaw. 
Thus every shower of rain and every swollen stream would carry 
i to the sea the products of the waste of land, sorting them into 
fine clays and coarser sands ; and the cold currents which cling 
to the ocean bottom, now determined in their courses, not merely 
by the earth’s rotation, but also by the lines of folding on both 
sides of the Atlantic, would carry south-westward, and pile up 
in marginal banks of great thickness, the debris produced from 
the rapid waste of the land already existing in the Arctic regions. 
Yhe Atlantic, opening widely to the north, and having large 
rivers pouring into it, was especially the ocean characterised, as 
time advanced, by the prevalence of these phenomena. Thus 
throughout the geological history it has happened that, while the 
middle of the Atlantic has received merely organic deposits of 
shells of Foraminifera and similar organisms, and this probably 
oaly toa small amount, its margins have had piled upon them 
beds of detritus of. immense thickness. Prof. Hall, of Albany, 
wis the first geologist who pointed out the vast cosmic import- 
ance of these deposits, and that the mountains of both sides of 
the Atlantic owe their origin to these great lines of deposition, 
a'ong with the fact, afterwards more fully insisted on by Rogers, 
that the portions of the crust which received these masses of 
debris became thereby weighted down and softened, and were 
more liable than other parts to lateral crushing.! 

Thus in the later Eozoic and early Paleozoic times, which 
succeeded the first foldings of the oldest Laurentian, great ridges 
were thrown up, along the edges of which were beds of lime- 
stone, and on their summits and sides thick masses of ejected 
igneous rocks. In the bed of the central Atlantic there are no 
such accumulations. It must have been a flat, or slightly ridged, 
plate of the ancient gneiss, hard and resisting, though perhaps 
with a few cracks, through which igneous matter welled up, as 
in Iceland and the Azores in more modern times. In this con- 
dition of things we have causes tending to perpetuate and extend 
the distinctions of ocean and continent, mountain and plain, 
already begun ; and of these we may more especially note the 
continued subsidence of the areas of ‘greatest marine deposition. 
This has long attracted attention, and affords very convincing 
evidence of the connestion of sedimentary deposit as a cause 
with the subsidence of the crust.” 

We are indebted to a French physicist, M. Faye (Reve S-ten- 
‘/figue, 1836), for an important sugzestion on this subject. It is 
that the sediment accumulated along the shores of the ocean pre- 

u The connection of accumulation with subsidence was always a familiar 
consideration with geologists ; but Hall seems to have been the first to state 
its true significance as a geological factor, and to see that those portions of 
the crust which are weighted down by great detrital accumulations are neces- 
sarily those which, in succeeding movements, were elevated into mountains. 
Other American geologists, as Dana, Rogers, Hunt, Le Conte, Crosby, &c., 
have followed up Hall’s primary suggestion, and in England, Hicks, Fisher, 
Starkie Gardner, Hull, and others, have brought it under notice, and it 
enters into the great generalisations of Lyell on these subjects. 
_ Dutton in * Report of U.S. Geological Survey,” 1881. From factsstated 
in this report and in my ‘‘ Acadian Ge slogy,’’ it is apparent that in the 
Western States and in the coal-field of Nova Scotia shallow-water deposits 
have been laid dowr up to thicknesses of 10,000 to 20,000 feet in connection 
with continuous subsidence. See also a paper by Ricketts in the Geod. Wag. 
1883. It may be well to add here that this doctrine of the subsidence of wide 
areas being caused by deposition does not justify the conclusion of certain 
glacialists that snow and ice have exercised a like power in glacial periods. 
In truth, as will appear in the sequel, great accumulations of snow and ice 
require to be preceded by subsidence, and wide continental areas can never 
be covered with deep snow, while of course ice can cause no addition of 
weight to submerged areas. 
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sented an obstacle to radiation, and consequently to cooling of 
the crust, while the ocean floor, unprotected and unweighted, 
and constantly bathed with currents of cold water, having great 
power of convection of heat, would be more rapidly cooled, and 
so would become thicker and stronger. This suggestion is 
complementary to the theory of Prof. Hall, that the areas 
of greatest deposit on the margins of the ocean are necessarily — 
those of greatest folding and consequent elevation. We have 
thus a hard thick resisting ocean bottom which, as it settles 
down toward the interior, under the influence of gravity, squeezes 
upward and folds and plicates all the soft sediments deposited on 
its edges. The Atlantic area is almost an unbroken cake of this 
kind. The Pacific area has cracked in many places, allowing 
the interior fluid matter to ooze out in volcanic ejections. 

It may be said that all this supposes a permanent continuance 
of the ocean basins, whereas many geologists postulate a mid-— 
Atlantic continent! to give the thick masses of detritus found in 
the older formations both in Eastern America and Western 
Europe, and which thin off in proceeding into the interior of 
both continents. I prefer with Hall to consider these belts of 
sediment as in the main the deposits of northern currents, and 
derived from Arctic land, and that like the great banks of the 
American coast at the present day, which are being built up by 
the present Arctic current, they had little to do with any direct 
drainage from the adjacent shore. We need not deny, however, 
that such ridges of land as existed along the Atlantic margins 
were contributing their quota of river-borne material, just as on 
a still greater scale the Amazon and Mississippi are doing now, 
and this especially on the sides toward the present continental 
plateaus, though the greater part must have been derived from 
the wide tracts of Laurentian land within the Arctic Circle or | 
near to it. It is further obvious that the ordinary reasoning 
respecting the necessity of continental areas in the present ocean 
basins would actually oblige us to suppose that the whole of the 
oceans and continents had repeatedly changed places. This 
consideration opposes enormous physical difficulties to any 
theory of alternations of the oceanic and continental areas, 
except locally at their margins. I would, however, refer you 
for a more full discussion of these points to the address to be 
delivered to-morrow by the President of the Geological Section. 

But the permanence of the Atlantic depression does not ex- 
clude the idea of successive submergences of the continental 
plateaus and marginal slopes, alternating with periods of eleva- 
tion, when the ocean retreated from the continents and con- 
tracted its limits. In this respect the Atlantic of to-day is much 
smaller than it was in those times when it spread widely over 
the continental plains and slopes, and much larger than it has 
been in times of continental elevation. This leads us to the 
further consideration that, while the ocean beds have been sink- 
ing, other areas have been better supported, and constitute the 
continental plateaus ; and that it has been at or near the junc- 
tions of these sinking and rising ares that the thickest deposits 
of detritus, the most extensive foldings, and the greatest ejec- 
tions of volcanic matter have occurred. There has thus been a 
permanence of the position of the continents and oceans through- 
out geological time, but with many oscillations of these areas, 
producing submergences and emergences of the land. In this 
way we can reconcile the vast vicissitudes of the continental 
areas in different geological periods with that continuity of de- 
velopment from north to south, and from the interiors to the 
margins, which is so marked a feature. We have for this reason 
to formulate another apparent geological paradox, namely, that 
while in one sense the continental and oceanic areas are perma- 
nent, in another they have been in continual movement. Nor 
does this view exclude extension of the continental borders or of 
chains of islands beyond their present limits, at certain periods ; 
and indeed the general principle already stated, that subsidence 
of the ocean bed has produced elevation of the land, implies in 
earlier periods a shallower ocean and many possibilities as to. 
volcanic islands, and low continental margins creeping out into 

* Among American geologists, Dana and Le Conte, though from some- 
what different premises. maintain continental permanence. Crosby has 
argued on the other side. In Britain, Hull has elaborated the idea of inter- 
change of oceanic and continental areas in his memoir in Tyas, Dublin 
Society, and in his work entitled ‘‘The Physical History of the British 
Islands.” Godwin-Austen argues powerfully for the permanence of the At- 
lantic basin, Q. /. Geol. Soc. vol. xii. p. 42. Mellard Reade ably advocat 
the theory of mutation. The two v.ews require, in my judgment, to b 
combined. More especially it is necessary to take into the account the exist- 
ence of an Atlantic ridge of Laurentian rock on the west side of Europe, o} 
which the Hebrides and the oldest rocks of Wales, Ireland, Western France, 
and Portugal are remnants. 
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the sea ; while it is also to be noted that there are, as already 
stated, bordering shelves, constituting shallows in the ocean, 
which at certain periods have emerged as land. 
We are thus compelled to believe in the contemporaneous ex- 

istence in all geological periods, except perhaps the earliest of 
them, of three distinct conditions of areas on the surface of the 
earth. (1) Oceanic areas of deep sea, which always continued 
to occupy in whole orin part the bed of the present ocean. (2) 
Continental plateaus and marginal shelves, existing as low flats 
or higher table-lands liable to periodical submergence and emer- 
gence. (3) Lines of plication and folding, more especially along 
the borders of the oceans, forming elevated portions of land, 
rarely altogether submerged, and constantly affording the mate- 
rial of sedimentary accumulations, while they were also the seats 
of powerful volcanic ejections. 

In the successive geological periods the continental plateaus 
when submerged, owing to their vast extent of warm and shal- 
low sea, have been the great theatres of the development of 
marine life and of the deposition of organic limestones, and 
when elevated they have furnished the abodes of the noblest 
land faunas and floras. The mountain belts, especially in the 
north, have been the refuge and stronghold of land life in periods 
of submergence, and the deep ocean basins have been the peien- 
nial abodes of pelagic and abyssal creatures, and the refuge of 
multitudes of other marine animals and plants in times of con- 
tinental elevation. These general facts are full of importance 
with reference to the question of the succession of formations 
and of life in the geological history of the earth, 

So much time has been occupied with these general views 
that it would be impossible to trace the history of the Atlantic 
in detail through the ages of the Palaeozoic, Mesozoic, and 
Tertiary. We may, however, shortly glance at the changes of 
the three kinds of surface already referred to. The bed of the 
ocean seems to have remained on the whole abyssal, but there 
were probably periods when those shallow reaches of the Atlantic 
which stretch across its most northern portion, and partly 
separate it from the Arctic basin, presented connecting coasts 
or continuous chains of islands sufficient to permit animals and 
plants to pass over. At certain periods also there were not 
unlikely groups of volcanic islands, like the Azores, in the 
temperate or tropical Atlantic. More e pecially might this be 
the case in that early time when it was more hke the present 
Pacific ; and the line of the great volcanic belt of the Mediter- 
ranean, the mid-Atlantic banks, the Azores, and the West India 
Islands point to the possibility of such partial connections, These 
were stepping stones, so to speak, over which land organisms 
might cross, and some of these may be connected with the 
fabulous or prehistoric Atlantis.” 

In the Cambrian and Ordovician periods the distinctions, 
already referred to, into continental plateaus, mountain-ridges, 
and ocean depths were first developed, and we find already great 
masses of sediment accumulating on the seaward sides of the old 
Laurentian ridges, and internal deposits thinning away from 
these ridges over the submerged continental areas, and pre- 
senting very dissimilar conditions of sedimentation. It would 
seem also that, as Hicks has argued for Europe, and Logan and 
Hall for America, this Cambrian age was one of slow subsidence 
of the land previously elevated, accompanied with or caused by 
thick deposits of detritus along the borders of the subsiding land, 
which was probably covered with the decomposing rock arising 
from long ages of sub-aérial waste. 

In the coal-formation age, its characteristic swampy flats 
stretched in some places far into the shallower parts of the 
ocean. Inthe Jurassic the American continent probably ex- 
tended further to sea than at present. In the Wealden age 
there was much land to the west and north of Great Bricain, and 
Prof. Bonney has directed attention to the evidence of the 
existence of this land as far back as the Trias, while Mr. Starkie 
Gardner has insisted on connecting-links to the southward, as 

* Tt would seem, from Geikie’s description of the Faroe Islands, that they 
may bea remnant of such connecting land, dating from the Cretaceous or 
Eocene period. 

* Dr. Wilson has recently argued that the Atlantis of tradition was really 
America, and Mr. Hyde Clark has associated this idea with the early domin- 
ance in Western Europe of the Iberian race, which Dawkins connects with 
the Neolithic and Bronze Ages of archaology. My own attention has 
recently been directed, through specimens presented to the McGill College 
Museum, to the remarkable resemblances in cranial characters, wampum, 
and other particulars, of the Guanches of the Canaries with aborigines of 
Eastern Amer.ca —resemblances which cannot be accidental. 
> I have shown the evidence of this in the remnants of Carboniferous 

districts once more extensive on the Atlantic coast of Nova Scotia and Cape 
Rreton (“ Acadian Geology ’’). 

evidenced by fossil plants. So late as the post-Glacial, or early 
human period, large tracts now submerged formed portions of 
the continents. On the other hand, the internal plains of America 
and Europe were often submerged. Such submergences are 
indicated by the great limestones of the Palzozoic, by the chalk 
and its representative beds in the Cretaceous, by the Nummulitic 
formation in the Eocene, and lastly by the great Pleistocene 
submergence, one of the most remarkable of all, one in which 
nearly the whole northern hemisphere participated, and which 
was probably separated from the present time by only a few 
thousands of years.! These submergences and elevations were 
not always alike on the two sides of the Atlantic. The Salina 
period of the Silurian, for example, and the Jurassic, show con- 
tinental elevation in America not shared by Europe. ‘The great 
subsidences of the Cretaceous and the Eocene were proportion- 
ally deeper and wider on the eastern continent, and this and the 
direction of the land being from north to south cause more 
ancient forms of life to survive in America. These elevations 
and submergences of the plateaus alternated with the periods of 
mountain-making plication, which was going on at intervals at 
the close of the Eozoic, at the beginning of the Cambrian, at 
the close of the Siluro-Cambrian, in the Permian, and in Europe 
and Western America in the Tertiary. The series of changes, 
however, affecting all these areas was of a highly complex 
character, and embraces the whole physical history of the 
geological ages. 
We may note here that the unconformities caused by 

these movements and by subsequent denudation constitute what 
Le Conte has called ‘‘lost intervals,” and one of the most 
important of which is supposed to have occurred at the end of 
the Eozoic. It is to be observed, however, that as every such 

movement is followed by a gradual sub-idence, the seeming loss 
is caused merely by the overlapping of the successive beds 
deposited. 
We may also note a fact which I have long ago insisted on 

(‘* Acadian Geology,” 1865), the regular pulsations of the con- 
tinental areas, giving us alternations in each great system of 
formations of deep-sea and shallow-water beds, so that the 
successive groups of formations may be divided into triplets of 
shallow-water, deep-water, and shallow-water strata, alternating 
in each period. 

In referring to the ocean basins we should bear in mind that 
there are three of these in the northern hemisphere—the Arctic, 
the Pacific, and the Atlantic. De Rance has ably summed up 
the known facts as to Arctic geology, and more recently Dr. G. 
M. Dawson has prepared for the Royal Society of Canada a 
résumé and map of what is known of the geology of the Arctic 
basin (meeting of May 1886; the paper is not yet published), 
in comparison with Canadian geology. From this it ap- 
pears that this area presents from without inwards a succession 
of older and newer formations from the Eozoic to the Tertiary, 
and that its extent must have been greater in former periods than 
at present, while it must have enjoyed a comparatively warm 
climate. The relations of its deposits and fossils are closer with 
those of the Atlantic than with those of the Pacific, as might be 
anticipated from its wider opening into the former. Blandford 
has recently remarked on the correspondence of the marginal 
deposits around the Pacific and Indian Oceans,” and Dr. Dawson 
informs me that this is equally marked in comparison with the 
west coast of America,* but these marginal areas have not yet 
gained much on the ocean. In the North Atlantic, on the other 
hand, there is a wide belt of comparatively modern rocks on 
both sides, more especially toward the south, and on the Ameri- 
can side ; but while there appears to be a perfect correspondence 
on both sides of the Atlantic and around the Pacific respect- 

I The recent surveys of the Falls of Niagara coincide with a great many 
evidences to which I have elsewhere referred in proving that the Pleistocene 
submergence of America and Europe came to an end not more than ten 
thousand years ago, and was itself not of very great duration. Thus in 
Pleistocene times the land must have been submerged and re-elevated in a 
very rapid manner. ; 

2" A singular example is the recurrence in New Zealand of ‘Triassic rocks 
and fossils of types corresponding to those of British Columbia. A curious 
modern analogy appears in the works of art of the Maoris with those of the 
Haida Indians of the Queen Charlotte Islands, and both are eminently Pacific 
in contradistinction to Atlantic. 

3 Journal of Geological Society, May 1586. Blandford’s statements 
respecting the mechanical deposits of the close of the Palaozoic in the Pacific 
area, whether these are glacial or not, would seem to show a ccrrespondence 
with the Permian conglomerates and earth-movements of the Atlantic area; 
but since that time the Atlantic has enjoyed comparative repose. The Pacific 
also seems to have reproduced the conditions of the Carboniferous in the 
Cretaceous age, and seems to have been less affected by the great changes of 

| the Pleistocene. 
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ively, there seems to be less parallelism between the deposits 
and forms of life of the two oceans as compared with each other, 
and less correspondence in forms of life, especially in modern 
times. Still in the earlier geological ages, as might have been 
anticipated from the imperfect development of the continents, 
the same forms of life characterise the whole ocean from Australia 
to Arctic America, and indicate a grand unity of Pacific and 
Atlantic life not equalled in Jater times,! and which speaks of 
contemporaneity rather than of what has been termed homo- 
taxis. 

We may pause here for a moment to notice some of the effects 
of Atlantic growth on modern geography. It has given us rugged 
and broken shores composed of old rocks in the north, and newer 
formations and softer features towards the south. It has given 
us marginal mountain-ridges and internal plateaus on both sides 
of the sea. It has produced certain curious and by no mears 
accidental correspondences of the eastern and western sides. 
Thus the solid basis on which the British Islands stand may be 
compared with Newfoundland and Labrador, the English 
Channel with the Gulf of St. Lawrence, the Bay of Biscay with 
the Bay of Maine, Spain with the projection of the American 
land at Cape Hatteras, the Mediterranean with the Gulf of 
Mexico. The special conditions of deposition and plication 
necessary to these results, and their bearing on the character and 
productions of the Atlantic basin, would require a volume for 
their detailed elucidation. 

Thus far our discussion has been limited almost entirely to 
physical causes and effects. If we now turn to the life-history 
of the Atlantic, we are met at the threshold with the question 
of climate, not as a thing fixed and immutable, but as changing 
from age to age in harmony with geographical mutations, and 
producing long eosmic summers and winters of alternate warmth 
and refrigeration. 
We can scarcely doubt that the close connection of the Atlantic 

and Arctic Oceans is one factor in those remarkable vicissitudes 
of climate experienced by the former, and in which the Pacific 
area has also shared in connection with the Antarctic Sea. No 
geological facts are indeed at first sight more strange and inex- 
plicable than the changes of climate in the Atlantic area, even 
in comparatively modern periods. We know that in the early 
Tertiary perpetual summer reigned as far north as the middle of 
Greenland, and that inthe Pleistocene the Arctic cold advanced, 
until an almost perennial winter prevailed, half-way to the equator. 
It is no wonder that nearly every cause available in the heavens 
and the earth has been invoked to account for these astounding 
facts. 

It will, 1 hope, meet with the approval of your veteran glacio- 
logist, Dr. Crosskey, if, neglecting most of the-e theoretical 
views, I venture to invite your attention in connection with this 
question chiefly to the old Lyellian doctrine of the modification 
of climate by geographical changes. Let us, at least, consider 
how much these are able to account for.? 

The ocean is a great equaliser of extremes of temperature. It 
does this by its great capacity for heat and by its cooling and 
heating power when passing from the solid into the liquid and 
gaseous States, and the reverse. It also acts by its mobility, its 
currents serving to convey heat to great distances, or Lo cool the 
air by the movement of cold icv waters. The land, on the other 
hand, cools or warms rapidly, and can transmit its influence to 
a distance only by the winds, and the influence so transmitted is 
rather in the nature of a disturbing than of an equalising cause. 
It follows that any change in the distribution of land and water 
must affect climate, more especially if it changes the character 
or course of the ocean currents.* 

1 Daintree and Etheridge, ‘Queensland Geology,”’ Journal of Geological 
Society, August 1872; R. Etheridge, Junior, ‘‘ Australian Fossils,’ Zxaxs. 
Phys. Soc., Edin.. 1880. 

= The late Mr. Searles V. Wood, in an able summary of the possible causes 
of the succession of cold and warm climates in the northern hemisphere, 
enumerates no fewer than seven theories which have met with more or less 
acceptance. ‘These are:— 

(1) The gradual cooling of the earth from a condition of original incan- 
descence. 

(2) Changes in the obliquity of the ecliptic. 
(3) Changes inthe position of the earth’s axis of rotation. 
(4) The effect of the precession of the equinoxes along with changes of the 

eccentricity of the earth's orbit. 
(5) Variations in theamount of heat given off by the sun. 
(6) Differences in the temperature of portions of space passed through by 

the earth. 
(7) Differences in the distribution of land and water in connection with the 

flow of cceanic currents 
3 Von Woeikc ff has very strongly put these principles in a review of 

Croll’s recent 
Science, March 1886. 

book, ‘‘Climate and Cosmology,” American Fournal of 

At the present time the North Atlantic presents some very 
peculiar, and in some respects exceptional, features, which are 
most instructive with reference to its past history. .The great 
intern: plateau of the American continent is now dry land ; 
the passage across Central America between the Atlantic and 
Pacific is blocked ; the Atlantic opens very wiclely to the north ; 
the high mass of Greenland towers in its northern part. The 
effects are that the great equatorial current running across from 
Africa and embayed in the Gulf of Mexico, is thrown north- 
ward and eastward in the Gulf Stream, acting as a hot-water 
apparatus to heat up to an exceptional degree the western coast 
of Europe. On the other hand, the cold Arctic current from 
the Polar seas is throwa to the westward, and runs down from 
Greenland past the American shore.! The pilot chart for June 
of this year shows vast fields of drift ice on the western side of 
the Atlantic as farsouth as the latitude of 40°. So far, there- 
fore, the Glacial age in that part of the Atlantic still extends ; 
this at a time when, on the eastern side of the Atlantic, the 
culture of cereals reaches in Norway beyond the Arctic Circle. 
Let us inquire into some of the details of these phenomena. 

The warm water thrown into the North Atlantic not only in- 
creases the temperature of its whole waters, but gives an excep- 
tionally mild climate to Western Europe. — Still the countervail- 
ing influence of the Arctic currents and the Greenland ice is 
sufficient to permit icebergs which creep down to the mouth of 
the Strait of Belle Isle, in the latitude of the south of England, 
to remain unmelted till the snows of a succeeding winter fall 
upon them. Now let us suppose that a subsidence of land in 
tropical America were to allow the equatorial current to pass 
through into the Pacific. The effect would at once be to reduce 
the temperature of Norway and Britain to that of Greenland 
and Labrador at present, while the latter countries would them- 
selves become colder. The northern ice, drifting down into the 
Atlantic, would not, as now, be melted rapidly by the warm 
water which it meets in the Gulf Stream. Much larger quan- 
tities of it would remain undissolved in summer, and thus an 
accumulation of permanent ice would take place, along the 
American coast at first, but probably at length even on the Euro- 
pean side. This would still further chill the atmosphere, 
glaciers would be established on all the mountains of temperate 
Europe and America,” the summer would be kept coli by melt- 
ing ice and snow, and at length all Eastern America and Europe 
might become uninhabitable, except by Arctic animals and 
plants, as far south as perhaps 40° of north latitude. This would 
be simply a return of the Glacial age. I have assumed only 
one geographical change ; but other and more complete changes 
of subsidence and elevation might take place, with effects on 
climate still more decisive ; more especially would this be the 
case if there were a considerable submergence of the land in 
temperate latitudes. 
We may suppose an opposite case. The high plateau of 

Greenland might subside, or be reduced in height, and the open- 
ings of Baffin’s Bay and the North Atlantic might be closed. 
At the same time the interior plain of America might be de- 
pressed, so that, as we know to have been the case in the Cre- 
taceous period, the warm waters of the Mexican Gulf would 
circulate as far north as the basins of the present great Ameri- 
can lakes. In these circumstances there would be an immense 
diminution of the sources of floating ice, and a correspondingly 
vast increase in the surface of warm water. The effects would 
be to enable a temperate flora to subsist in Greenland, and to 
bring all the present temperate regions of Europe and America 
into a condition of subtropical verdure. 

It is only neces-ary to add that we know that vicissitudes not 
dis-imilar from those above sketched have actually occnrred in 
comparatively recent geological times, to enable us to perceive 
that we can dispense with all other causes of change of climate, 
though admitting that some of them may have occupied a 
secondary place.? This will give us, in dealing with the distri- 
bution of life, the great advantage of not being tied up to definite 
astronomical cycles of glaciation, which may not always suit the 
geological facts, and of correlating elevation and subsidence of 
the land with changes of climate affecting living beings. It 

1 I may refer here to the admirable expositions of these effects by th: 
late Dr. Carpenter in his papers on the results of the explorations of the 
Challenger. r 

2 According tu Bonney, the west coast of Wales is about 12° above the 
average for its latitude, and if reduced to 12° below the average its moun- 
tains would have large glaciers. 

3 More especially the ingenious and elaborate arguments of Croll deserve 
consideration ; and, though I cannot agree with him in his main thesis, I 
gladly acknowledge the great utility of the work he has done. 

a 

a 
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will, however, be necessary, as Wallace well insists, that we 
shall hold to that dégree of fixity of the continents in their posi- 
tion, notwithstanding the submergences and emergences they 
have experienced, to which I have already adverted. Sir 
Charles Lyell, more than forty years ago, published in his 
‘*Principles of Geology ” two imaginary maps which illustrate 
the extreme effects of various distribution of land and water. In 
one all the continental masses are grouped around the equator. 
In the other they are all placed around the poles, leaving 
an open equatorial ocean. In the one case the whole of the 
land and its inhabitants would enjoy a perpetual summer, and 
scarcely any ice could exist in the sea. In the other the whole 
of the land would be subjected to an Arctic climate, and 
it would give off immense quantities of ice to cool the ocean. 
But Lyell did not suppose that any such distribution as that 
represented in his maps had actually occurred, though this sup- 
position has been sometimes attributed to him. He merely put 
what he regarded as an extreme case to illustrate what might 
occur under conditions less exaggerated. Sir Charles, like other 
thoughtful geologists, was well aware of the general fixity of the 
areas of the continents, though with great modifications in the 
matter of submergence and of land conditions. The union, 
indeed, of these two great principles of fixity and diversity of the 
continents lies at the foundation of theoretical geology. 
We can now more precisely indicate this than was possible 

when Lyell prodtced his ‘‘ Principles,” and can reproduce the 
conditions of our continents in even the more ancient periods of 
their history. Some examples may be taken from the history of 
the American continent, which is more simple in its arrange- 
ments than the double continent of Europ-asia. We may 
select the early Devonian or Erian period, in which the magni- 
ficent flora of that age—the earliest certainly known to us— 
made its appearance. Imagine the whole interior plain of 
North America submerged, so that the continent is reduced to 
two strips on the east and west, connected by a belt of Lau- 
rentian land on the north. Inthe great mediterranean sea thus 
produced, the tepid water of the equatorial current circulated, 
and it swarmed with corals, of which we know no less than 150 
species, and with other forms of life appropriate to warm seas. 
On the islands and coasts of this sea was introduced the Erian flora, 
appearing first in the north; and with that vitality and colonis- 
ing power of which, as Hooker has well shown, the Scandi- 
navian flora is the best modern type, spreading itself to the 
south. A very similar distribution of land and water in the 
Cretaceous age gave a warm and equable climate in those por- 
tions of North America not submerged, and coincided with 
the appearance of the multitude of broad-leaved trees of 
modern types introduced in the early and middle Cretaceous, 
and which prepared the way for the mammalian life of the 
Eocene. We may take a still later instance from the second 
continental period of the later Pleistocene or early modern, 
when there would seem to have been a partial or entire closure 
of the North Atlantic against the Arctic ice, and wide exten- 
sions seaward of the European and American land, with possibly 
considerable tracts of Jand in the vicinity of the equator, while 
the Mediterranean and the Gulf of Mexico were deep inland 
lakes (Dawkins, Popular Science Monthly, 1873). The effect of 
such conditions on the climates of the northern hemisphere must 
have been prodigious, and their investigation is rendered all the 
more interesting because it would seem that this continental 
period of the post-Glacial age was that in which man made his 
first acquaintance with the coasts of the Atlantic, and possibly 
made his way across its waters. 
We have in America ancient periods of cold as well as of 

warmth. I have elsewhere referred to the boulder conglomer- 
ates of the Huronian, of the Cambrian and Ordovician, of the 
Millstone-grit period of the Carboniferous and of the early 
Permian, but would not venture to affirm that either of these 
periods was comparable in its cold with the later Glacial age, 
still less with that imaginary age of continental glaciation 
assumed by certain of the more extreme theorists (‘* Notes on 
Post-Pliocene of Canada”; ‘‘Pre-Cambrian Glaciers,” Geo/. 
Mag., 1880). These ancient conglomerates were probably pro- 
duced by floating ice, and this at periods when in areas not very 
remote temperate floras and faunas could flourish. The glacial 
periods of our old continent occurred in times when the surface 

* As I have elsewhere endeavoured to show (‘‘ Report on Silurian and 
Devonian Plants of Canada’’), a warm climate in the Arctic region seems 
to have afforded the necessary conditions for the great colonising floras of 
all geological periods. Gray kad previously illustrated the same fact in the 
case of the more modern floras. 
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of the submerged land was opened up to the northern currents, 
drifting over it mud and sand and stones, and rendering 
nugatory, in so far at least as the bottom of the s2a was con- 
cerned, the effects of the superficial warm streams. Some of 
these beds are also peculiar to the eastern margin of the conti- 
nent, and indicate ice-drift along the Atlantic coast in the same 
manner as at present, while conditions of greater warmth existed 
in the interior. Even in the more recent Glacial age, while the 
mountains were covered with snow and the lowlands submerged 
under a sea laden with ice, there were interior tracts in some- 
what high latitudes of America in which hardy forest trees and 
herbaceous plants flourished abundantly ; and these were by no 
means exceptional “interglacial” peiods. Thus we can show 
that, while from the remote Huronian period to the Tertiary the 
American land occupied the same position as at present, and 
while its changes were merely changes of relative level as com- 
pared with the sea, these have so influenced the ocean currents 
as to cause great vicissitudes of climate. 

Without entering on any detailed discussion of that last and 
greatest Glacial period which is best known to us, and is more 
immediately connected with the early history of man and the 
modern animals, it may be proper to make a few general state- 
ments bearing on the relative importance of sea-borne and land 
ice in producing those remarkable phenomena attributable to 
ice action in this period. In considering this question it must 
be borne in mind that the greater masses of floating ice are pro- 
duced at the seaward extremities of land glaciers, and that the 
heavy field-ice of the Arctic regions is not so much a result of 
the direct freezing of the surface of the sea as of the accumula- 
tion of snow precipitated on the frozen surface. In reasoning 
on the extent of ice action, and especially of glaciers in the 
Pleistocene age, it is necessary to keep this fully in view. Now 
inthe formation of glaciers at present—and it would seem also 
in any conceivable former state of the earth—it is necessary that 
extensive evaporation should conspire with great condensation 
of water in the solid form. Such conditions exist In moun- 
tainous regions sufficiently near to the sea, as in Greenland, 
Norway, the Alps, and the Himalayas ; but they do not exist in 
low Arctic lands like Siberia or Grinnell Land, nor in inland 
mountains. It follows that land-glaciation has narrow limits, 
and that we cannot assume the possibility of great confluent or 
continental glaciers covering the interior of wide tracts of land. 
No imaginable increase of cold could render this possible, inas- 
much as there could not be a sufficient influx of vapour to pro- 
duce the necessary condensation ; and the greater the cold, the 
less would be the evaporation. On the other hand, any in- 
creas? of heat would be felt more rapidly in the thawing and 
evaporation of land ice and snow than on the surface of the 
sea. 

Applying these very simple geographical truths to the North 
Atlantic continents, it is easy to perceive that no amount of 
refrigeration could produce a continental glacier, because there 
could not be sufficient evaporation and precipitation to afford 
the necessary snow in the interior. The case of Greenland is 
often referred to, but this is the case of a high mass of cold land 
with sea, mostly open, on both sides of it, giving, therefore, the 
conditions most favourable to precipitation of snow. If Green- 
land were less elevated, or if there were dry plains around it, 
the case would be quite different, as Nares has well shown by 
his observations on the summer verdure of Grinnell Land, which, 
in the immediate vicinity of North Greenland, presents very 
different conditions as to glaciation and climate.’ If the plains 
were submerged, and the Arctic currents allowed free access to 
the interior of the continent of America, it is conceivable that 
the mountainous regions remaining out of water would be 
covered with snow and ice, and there is the best evidence that 
this actually occurred in the Glacial period ; but with the plains 
out of water this would be impossible. We see evidence of this 
at the present day in the fact that in unusually cold winters the 
great precipitation of snow takes place south of Canada, leaving 
the north comparatively bare, while as the temperature becomes 
milder the area of snow deposit moves farther to the north. 
Thus a greater extension of the Atlantic, and especially of its 
cold ice-laden Arctic currents, becomes the most potent cause of 
a glacial age. 

I have long maintained these conclusions on general geo- 
graphical grounds, as well as on the evidence afforded by the 
Pleistocene deposits of Canada ; and in an address the theme of 

I These views have been admirably illustrated by Von Woeikoff in the 
paper already referred to, and in previous geographical papers. 
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which is the ocean I may be excused for continuing to regard 
the supposed terminal moraines of great continental glaciers as 
nothing but the southern limit of the ice-drift of a period of 
submergence. In such a period the southern margin of an ice- 
laden sea where its floe-ice and bergs grounded, or where its ice 
was rapidly melted by warmer water, and where consequently 
its burden of boulders and other debris was deposited, would 
necessarily present the aspect of a moraine, whic. by the long 
continuance of such conditions might assume gigantic dimen- 
sions. Let it be observed, however, that I fully admit the 
evidence of the great extension of local glaciers in the Pleistocene 
age, and especially in the times of partial submergence of the 
land. 

I am quite aware that it has been held by many able American 
geologists! that in North America a continental glacier extended 
in temperate latitudes from sea to sea, or at least from the 
Atlantic to the Rocky Mountains, and that this glacier must, in 
many places, have exceeded a mile in thickness. The reasons 
above stated appear, however, sufficient to compel us to seek 
for some other explanation of the observed facts, however diffi- 
cult this may at first sight appear. With a depression such as 
we know to have existed, admitting the Arctic currents along 
the St. Lawrence Valley, through gaps in the Laurentian 
watershed, and down the great plains between the Laurentian 
areas and the Rocky Mountains, we can easily understand the 
covering of the hills of Kastern Canada and New England with 
ice and snow, and a similar covering of the mountains of the 
west coast. The sea also in this case might be ice-laden and 
boulder-bearing as far south as 40°, while there might still be 
low islands far to the north on which vegetation and animals 
continued to exist. We should thus have the conditions neces- 
sary to explain all the anomalies of the glacial deposits. Even 
the glaciation of high mountains south of the St. Lawrence 
Valley would then become explicable by the grounding of floe- 
ice on the tops of these mountains when reefs in the sea. In 
like manner we can understand how on the isolated trappean 
hill of Beloeil, in the St. Lawrence Valley, Laurentian boulders 
far removed from their native seats to the north are perched at 
a height of about 1200 feet on a narrow peak where no glacier 
could possibly have left them. The so-called moraine, traceable 
from the great Missouri Coteau in the west to the coasts of 
New Jersey, would thus become the mark of the western and 
southern limit of the subsidence, or of the line along which the 
cold currents bearing ice were abruptly cut off by warm surface 
waters. I am glad to find that these considera'ions are be- 
ginning to have weight with European geologists in their ex- 
planation of the glacial drift of the great plains of Northern 
Europe. 

Whatever difficulties may attend such a supposition, they are 
small compared with those attendant on the belief of a conti- 
nental glacier, moving without the aid of gravity, and depending 
for its material on the precipitation taking place on the interior 
plains of a great continent. 

I have elsewhere endeavoured to show, on the evidence found 
in Canada, that the occurrence of marine shells, land plants, and 
insects in the glacial deposits of that country indicates not so 
much the effect of general interglacial periods as the local 
existence of conditions like those of Grinnell Land and Green- 
land, in proximity to each other at one and the same period, and 
depending on the relative levels of land and the distribution of 
ocean currents and ice-drift.? 

I am old enough to remember the sensation caused by the 
delightful revelations of Edward Forbes respecting the zones of 
animal life in the sea, and the vast insight which they gave into 
the significance of the work on minut2 organisms previously done 
by Ehrenberg, Lonsdale, and Williamson, and into the meaning 
of fossil remains. A little later the soundings for the Atlantic 
cable revealed the chalky foraminiferal ooze of the abyssal 
ocean ; still more recently the wealth of facts disclosed by the 
Challenger voyage, which naturalists have not yet had time to 
digest, have opened up to us new worlds of deep-sea life. 

The bed of the deep Atlantic is covered for the most part by 
amud or ooze largely made up of the debris of Foraminifera 
and other minute organisms mixed with fine clay. In the North 
Atlantic the Norwegian naturalists call this Biloculina mud. 
Further south the Cha//enger naturalists speak of it as Globigerina 

” * Report of Mr. Carvill Lewis in “ Pennsylvania Geological Survey, 
1884; also Dana's ‘‘ Manual.” 

* ““ Notes on Post-Pliocene of Canada,” 1872. One well-marked interval 
only has been established in the glacial deposits of Canada. 

ooze. In point of fact it contains different species of foraminiferal 
shells, Globigerina and Orbulina being in some localities domin- 
ant, and in others other species, and these changes are more 
apparent in the shallower portions of the ocean. 

j 

It is also to be observed that there are means for disseminat- 
ing coarse material over the ocean bed. There are in the line 
of the Arctic current on the American coast great sand-banks, 
and off the coast of Norway sand constitutes a considerable 
part of the bottom material. Soundings and dredgings off 
Great Britain, and also off the American coast, have shown that 
fragments of stone referable to Arctic lands are abundantly 
strewn over the bottom along certain lines, and the Antarctic 
continent, otherwise almost unknown, makes its presence felt to 
the dredge by the abundant masses of crystalline rock drifted 
far from it to the north. These are not altogether new dis- 
coveries. I had inferred many years ago, from stones taken up 
by the hooks of fishermen on the banks of Newfoundland, that 
rocky material from the north is dropped on these banks by the 
heavy ice which drifts over them every spring, that these stones 
are glaciated, and that after they fall to the bottom sand is 
drifted over them with sufficient velocity to polish the stones and 
to erode the shelly coverings of Arctic animals attached to them 
(‘* Notes on Post-Pliocene of Canada,” 1872). If then the 
Atlantic basin were upheaved into land we should see beds of 
sand, gravel, and boulders with clay flats and layers of marl and 
limestone. According to the Chaélenger Reports, in the Ant- 
arctic seas south of 64° there is blue mud with fragments of rock 
in depths of 1200 to 2000 fathoms. The stones, some of them 
glaciated, were granite, diorite, amphibolite, mica-schist, gneiss, 
and quartzite. This deposit ceases and gives piace to Globi- 
gerina ooze and red clay at 46° to 47° S., but even further north 
there is sometimes as much as 49 per ceat. of crystalline sand. 
In the Labrador current a block of syenite weighing 490 pounds 
was taken up from 1340 fathoms, and in the Arctic current, 100 
miles from land, was a stony deposit, some stones being 
glaciated. Among these were smoky quartz, quartzite, lime- 
stone, dolomite, mica-schist, and serpentine ; also particles of 
monoclinic and triclinic feldspar, hornblende, augite, magnetite, 
mica, and glauconite, the latter no doubt formed in the sea- 
bottom, the others drifted from Fozoic and Palaeozoic formations 
to the north (‘* General Report, Crallenger Expedition”), 

A remarkable fact in this connection is that the great depths 
of the sea are as impassable to the majority of marine animals 
as the land itself. According to Murray, while twelve of the 
Challengers dredgings taken in depths greater than 2000 fathoms 
gave 92 species, mostly new to science, a similar number of 
dredgings in shallower water near the land gave no less than 
1000 species. Hence arises another apparent paradox relating 
to the distribution of organic beings. While at first sight it 
might seem that the chances of wide distribution are exception- 
ally great for marine species, this is not so. Except in the case 
of those which enjoy a period of free locomotion when young, 
or are floating and pelagic, the deep ocean sets bounds to their 
migrations. On the other hand, the spores of cryptogamic 
plants may be carried for vast distances by the wind, and the 
growth of volcanic islands may effect connections which, though - 
only temporary, may afford opportunity for land animals and 
plants to pass over. 

But I must here call your attention to still another geological 
paradox, namely, that the deep sea, which is so great a barrier 
to the passage of the shallow-water animals, seems, under 
certain conditions, to afford facilities for the transmission of land 
animals and plants. ‘The connections established by the obser- 
vations of the Chadlenger, and so well expounded by Wallace 
and Hemsley (‘‘ Continental and Island Life” ; ‘‘ Botany of the 
Challenger Expedition’), between the floras of oceanicislands and 
the continents, establish this conclusively. Thus the Bermudas, 
altogether recent islands, have been stocked by the agency chiefly 
of the ocean currents and of birds, with nearly 150 species of 
continental plants, and the facts collected by Hemsley as to the 
present facilities of transmission, along with the evidence afforded 
by older oceanic islands which have been receiving animal and 
vegetable colonists for longer periods, go far to show that, time 
being given, the sea actually affords facilities for the migra- 
tions of the inhabitants of the land, greater than those of 
continuous continents. 

With reference to the transmission of living beings across the 
Atlantic, we have before us the remarkable fact that from the 
Cambrian age onwards there were on the two sides of the 
ocean many species of invertebrate animals which were either 
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identical or so closely allied as to be possibly varietal forms.’ In 
like manner the early plants of the Upper Silurian, Devonian, and 
Carboniferous present many identical species ; but this identity 
becomes less marked in the vegetation of the more modern times. 

In so far as plants are concerned, it is to be observed that 
the early forests were largely composed of cryptogamous plants, 
and the spores of these in modern times have proved capable 
of transmission for great distances. In considering this we 
cannot fail to conclude that the union of simple cryptogamous 
fructification with arboreal stems of high complexity, so well 
illustrated by Dr. Williamson, had a direct relation to the 
necessity for a rapid and wide distribution of these ancient 
trees. It seems also certain that some spores, as, for example, 
those of the Rhizocarps (see paper by the author on ‘‘ Paleozoic 
Rhizocarps,” Chrcago Transactions, 1886), a type of vegetation 
abundant in the Palzozoic, and certain kinds of seeds, as tho=e 
named -#¢heotesta and Pachytheca, were fitted for flotation. 
Further, the periods of Arctic warmth permitted the passage 
around the northern belt of many temperate species of plants, 
just as now happens with the Arctic flora ; and when these were 
dispersed by colder periods they marched southward along both 
sides of the sea on the mountain-chains. 

The same remark applies to northern forms of marine inverte- 
brates, which are much more widely distributed in longitude 
than those further south. The late Mr. Gwyn Jeffreys, in one 
of his latest communications to this Association, stated that 54 
per cent. of the shallow-water mollusks of New England and 
Canada are also European, and of the deep-sea forms 30 out 
of 35; these last of course enjoying greater facilities for migra- 
tion than those which have to travel slowly along the shallows 
of the coasts in order to cross the ocean and settle themselves on 
both sides. Many of these animals, like the common mussel 
and sand clam, are old settlers which came over in the Pleisto- 
cene period, or even earlier. Others, like the common peri- 
winkle, seem to have been slowly extending themselves in 
modern times, perhaps even by the agency of man. The older 
immigrants may possibly have taken advantage of lines of coast 
now submerged, or of warm periods, when they could creep 
around by the Arctic shores. Mr. Herbert Carpenter and other 
naturalists employed on the Challenge collections haye made 
similar statements respecting other marine invertebrates, as, for 
instance, the Echinoderms, of which the deep-sea crinoids 
present many common species, and my own collections 
prove that many of the shallow-water forms are common. 
Dall (‘‘ Report on Alaska”) and Whiteaves (Zvansactions 
R. S. C.) have shown that some mollusks and Echinoderms 
are common even to the Atlantic and Pacific coasts of 
North America; a remarkable fact, testifying at once to 
the fixity of these species and to the manner in which 
they have been able to take advantage of geographical changes. 
Some of the species of whelks common to the Gulf of St. 
Lawrence and the Pacific are animals which have no special 
locomotive powers even when young, but they are northern forms 
not proceeding far south, so that they may have passed through 
the Arctic seas. In this connection it is well to remark that 
many species of animals have powers of locomotion when young 
which they lose when adult, and that others may have special 
means of transit. I once found at Gaspé a specimen of the 
Pacific species of Coronula, or whale-barwacle, the C. regine of 
Darwin, attached to a whale taken in the Gulf of St. Lawrence, 
and which had probably succeeded in making that passage 
around the north of America which so many navigators have 
essayed in vain. 

It is to be remarked here that while many plants and marine 
invertebrates are common to the two sides of the Atlantic, it is 
different with land animals, and especially vertebrates. I do 
not know that any fossil insects or land-snails or millipedes of 
Europe and America are specifically identical, and of the 
numerous species of batrachians of the Carboniferous and reptiles 
of the Mesozoic all seem to be distinct on the two sides. The 
same appears to be the case with the Tertiary mammals, until in 
the later stages of that great period we find such genera as the 
horse, the camel, and the elephant appearing on the two sides 
of the Atlantic ; but eve: then the species seem different, except 
in the case of a few northern forms. 

1 See Davidson's ‘‘ Monographs on Brachiopods”; Etheridge, ‘*‘ Address 
to Geological Society of London”; Woodward, ‘Address to Geologists’ 
Association”; also Barrande’s ‘‘ Special Memoirs on the Brachiopods, 
Cephalopods, &c.”; Hall, ‘‘ Palaontology of New York”’; Billings, ‘* Re- 
ports on Canadian Fossils”; and Matthews, .‘‘Cambrian of New Bruns- 
wick,” Trans. R.S.C. 

Some of the longer-lived mollusks of the Atlantic furnish 
suggestions which remarkably illustrate the biological aspect of 
these questions. Our familiar friend the oyster is one of these. 
The first known oysters appear in the Carboniferous in Belgium 
and in the United States of America. In the Carboniferous and 
Permian they are few and small, and they do not culminate till 
the Cretaceous, in which there are no less than ninety-one so- 
called species in America alone ; but some of the largest known 
species are found in the Eocene. The oyster, though an 
inhabitant of shallow water, and very limitedly locomotive when 
young, has survived all the changes since the Carboniferous age, 
and has spread itself over the whole northern hemisphere 
(White, “‘ Report U.S. Geol. Survey, 1882-83 ”). 

I have collected fossil oysters in the Cretaceous clays of the 
coulées of Western Canada, in the Lias shales of England, in 
the Eocene and Cretaceous beds of the Alps, of Egypt, of the 
Red Sea coast, of Judzea, and the heights of Lebanon. Everywhere 
and in all formations they present forms which are so variable 
and yet so similar that one might suppose all the so-called 
species to be mere varieties. Did the oyster originate separately 
on the two sides of the Atlantic, or did it cross over so promptly 
that its appearance seems to be identical on the two sides? Are 
all the oysters of a common ancestry, or did the causes, what- 
ever they were, which introduced the oyster in the Carboniferous 
act over again in later periods? Who can tell? This is one 
of the cases where causation and development—the two scien- 
tific factors which constitute the basis of what is vaguely called 
evolution—cannot easily be isolated. I would recommend to 
those biologists who discuss these questions to addict themselves 
to the oyster. This familiar mollusk has successfully pursued 
its course and has overcome all its enemies, from the flat-toothed 
selachians of the Carboniferous, to the oyster-dredgers of the 
present day, has varied almost indefinitely, and yet has continued 
to be an oyster, unless indeed it may at certain portions of its 
cireer have temporarily assumed the disguise of a Gryphzea or 
an Exogyra. ‘The history of such an animal deserves to be 
traced with care, and much curious information respecting it 
will be found in the report which I have cited. 

But in these respects the oyster is merely an example of many 
forms. Similar considerations apply to all those Pliocene and 
Pleistocene mollusks which are found in the raised sea-bottoms 
of Norway and Scotland, on the top of Moel Tryfaen in Wales, 
and at similar great heights on the hills of America, many of 
which can be traced back to early Tertiary times, and can be 
found to have extended themselves all over the seas of the 
northern hemisphere. They apply in like manner to the ferns, 
the conifers, and the angiosperms, many of which we can now 
follow without even specific change to the Eocene and Creta- 
ceous. They all show that the forms of living things are more 
stable than the lands and seas in which they live. If we were 
to adopt some of the modern ideas of evolution, we might cut 
the Gordian knot by supposing that, as like causes can produce 
like effects, these types of life have originated more than once 
in geological time, and need not be genetically connected with 
each other. But while evolutionists repudiate such an applica- 
tion of their doctrine, however natural and rational, it would 
seem that nature still more strongly repudiates it, and will not 
allow us to assume more than one origin for one species. ‘Thus 
the great question of geographical distribution remains in all its 
force, and, by still another of our geological paradoxes, moun- 
tains become ephemeral things in comparison with the delicate 
herbage which covers them, and seas are in their present extent 
but of yesterday when compared with the minute and feeble 
organisms that creep on their sands or swim in their waters. 

The question remains, Has the Atlantic achieved its destiny 
and finished its course, or are there other changes in store for it 
in the future? The earth’s crust is now thicker and stronger 
than ever before, and its great ribs of crushed and folded rock 
are more firm and rigid than in any previous period. The 
stupendous volcanic phenomena manifested in Mesozoic and 
early Tertiary times along the borders of the Atlantic have 
apparently died out. These facts are in so far guarantees of 
permanence. On the other hand, it is known that movements 
of elevation along with local depression are in progress in the 
Arctic regions, and a great weight of new sediment is being 
deposited along the borders of the Atlantic, especially on its 
western side, and this is not improbably connected with the 
earthquake shocks and slight movements of depression which 
have occurred in North America. It is possible that these 
slow and secular movements may go on uninterruptedly until 
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considerable changes are produced ; but it is quite as likely that 
they may be retarded or reversed. 

Tt is possible, on the other hand, that after the long period of 
quiescence which has elapsed there may be a new settlement of 
the ocean bed, accompanied with foldings of the crust, especially 
on the western side of the Atlantic, and possibly with renewed 
volcanic activity on its eastern margin. In either case a long 
time relatively to our limited human chronology may intervene 
before the occurrence of any marked change. On the whole, 
the experience of the past would lead us to expect movements 
and eruptive discharges in the Pacific rather than in the Atlantic 
area. It is therefore not unlikely that the Atlantic may remain 
undisturbed, unless secondarily and indirectly, until after the 
Pacific area shall have attained to a greater degree of quiescence 
than at present. But this subject is one too much involved in 
uncertainty to warrant us in following it further. 

In the meantime the Atlantic is to us a practically permanent 
ocean, varying only in its tides, its currents, and its winds, 
which science has already reduced to definite laws, so that we 
can use if we cannot regulate them. It is ours to take advan- 
tage of this precious time of quietude, and to extend the bless- 
ings of science and of our Christian civilisation from shore to 
shore until there shall be no more sea, not in the sense of that 
final drying-up of old Ocean to which some physicists look for- 
ward, but in the higher sense of its ceasing to be the emblem 
of unrest and disturbance, and the cause of isolation. 

I must now close this address with a short statement of the 
general objects which I have had in view in directing your at- 
tention to the geological development of the Atlantic. We 
cannot, I think, consider the topics to which I have referred 
without perceiving that the history of ocean and continent is an 
example of progressive design, quite as much as that of living 
beings. Nor can we fail to see that, while in some important 
directions we have penetrated the great secret of Nature, in 
reference to the general plan and structure of the earth and its 
waters, and the changes through which they have passed, we 
have still very much to learn, and perhaps quite as much to un- 
learn, and that the future holds out to us and to our successors 

higher, grander, and clearer conceptions than those to which we 
have yet attained. The vastness and the might of Ocean, and the 
manner in which it cherishes the feeble-t and most fragile beings, 
alike speak to us of Him who holds it in the hollow of His 
hand, and gave to it of old its boundaries and its laws; but its 
teaching ascends to a higher tone when we consider its origin 
and history, and the manner in which it has been made to build 
up continents and mountain-chains, and at the same time to 
nourish and sustain the teeming life of sea and land. 

SECTION A 

MATHEMATICAL AND PHYSICAL SCIENCE 

OPENING ADDRESS BY Prof. G. H. Darwin, M.A., LL.D., 
F.R.S., F.R.A.S., PRESIDENT OF THE SECTION 

A MERE catalogue of facts, however well arranged, has never 
led to any important scientific generalisation. For in any sub- 
ject the facts are so numerous and many sided that they only lead 
us to a conclusion when they are marshalled by the light of some 
leading idea. A theory is, then, a necessity for the advance of 
science, and we may regard it as the branch of a living tree, of 
which facts are the nourishment. In the struggle between com- 
peting branches to reach the light some perish, and others form 
vigorous limbs. And as in a tree the shape of the young shoot 
can give us but little idea of the ultimate form of the branch, so 
theories become largely transformed in the course of their exist- 
ence, and afford in their turn the parent stem for others. 

The success of a theory may be measured by the extent to 
which it is capable of assimilating facts, and by the smallness of 
the change which it must undergo in the process. Every theory 
which is based on a true perception of facts is to some extent 
fertile in affording a nucleus for the aggregation of new observa- 
tions. Anda theory, apparently abandoned, has often ultimately 
appeared to contain an element of truth, which receives acknow- 
ledgment by the light of later views. 

It will, I think, be useful to avail myself of the present occa- 
sion to direct your attention to a certain group of theories which 
are still in an undeveloped and somewhat discordant condition, 
but which must form the nucleus round which many observations 
have yet to be collected before these theories and their descend- 
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ants can make a definitely accepted body of truth. If I am 
disposed to criticise some of them in their actual form, I shall 
not be understood as denying the great service which has been 
rendered to science by their formulation. 

Great as have been the advances of geology during the present 
century, we have no precise knowledge of one of its fundamental 
units. The scale of time on which we must suppose geological 
history to be drawn is important not only for geology itself, but 
it has an intimate relation with some of the profoundest questions 
of biology, physics, and cosmogony. 
We can hardly hope to obtain an accurate measure of time 

from pure geology, for the extent to which the events chronicled 
in strata were contemporaneous is not written in the strata them- 
selves, and there are long intervals of time of which no record 
has been preserved. 

An important step has been taken by Alfred Tylor, Croll, and 
others, towards the determination of the rate of action of geo- 
logical agents (Geikie, ‘‘ Text-book of Geology,” 1882, p. 442). 
From estimates of the amount of sediment carried down by 
rivers, it appears that it takes from 1000 to 6000 years to remove 
one foot of rock from the general surface of a river basin. 

From a consideration of the denuding power of rivers, and a 
measurement of the thickness of stratified rock, Phillips has made 
an estimate of ihe period of time comprised in geological history, 
and finds that, from stratigraphical evidence alone, we may re- 
gard the antiquity of life on the earth as being possibly between 
38 and 96 millions of years (‘‘ Life on the Earth,” Rede Lecture, 
1860, p. 119). 
Now while we should perhaps be wrong to pay much attention to 

these figures, yet at least we gain some insight into the order of 
magnitude of the periods with which we have to deal, and we 
may feel confident that a million years is not an infinitesimal 
fraction of the whole of geological time. 

It is hardly to be hoped, however, that we shall ever attain to 
any very accurate knowledge of the geological time scale from 
this kind of argument. 

But there is another theory which is precise in its estimate, 
and which, if acceptable from other points of view, will furnish 
exactly what is requisite. Mr. Croll claims to prove that great 
changes of climate must be brought about by astronomical events 
of which the dates are known or ascertainable (‘‘ Climate and 
Time”). The perturbation of the planets causes a secular vari- 
ability in the eccentricity of the earth’s orbit, and we are able 
confidently to compute the eccentricity of many thousands of 
years forward and backward from to-day, al hough it appears that, 
in the opinion of Newcom» and Adams, no great reliance can 
be placed on the values deduced from the formule at dates so 
remote as those of which Mr. Croll speaks. According to Mr. 
Croll, when the eccentricity of the earth’s orbit is at its maxi- 
mum, that hemisphere which has its winter in aphelion would 
undergo a glacial period. Now, as the date of great eccentricity 
is ascertainable, this would explain the great Ice Age and give us 
it; date. 

The theory has met with a cordial acceptance on many sides, 
probably to a great extent from the charm of the complete answer 
it affords to one of the great riddles of geology. 

Adequate criticism of Mr. Croll’s views is a matter of great 
difficulty on account of the diversity of causes which are said to 
co-operate in the glaciation. In the case of an effect arising 
from a number of causes, each of which contributes its share, 
it is obvious that if the amount of each cause and of each effect 
is largely conjectural the uncertainty of the total result is by no — 
means to be measured by the uncertainty of each item, but is 
enormously augmented. Without going far into details it may 
be said that these various concurrent causes result in one funda- 
mental proposition with regard to climate, which must be regarded 
as the keystone of the whole argument. That proposition amounts 
to this—that climate is unstable. 

Mr. Croll holds that the various causes of change of climate 
operate zmfer sein such a way as to augment their several effi- 
ciencies. Thus the trade-winds are driven by the difference of 
temperature between the frigid and torrid zones, and if from the 
astronomical cause the northern hemisphere becomes cooler the 
trade-winds onthat hemisphere encroach onthose of the other, and 
the part of the warm oceanic current which formerly flowed into 
the cold north zone, will be diverted into the southern hemisphere. 
Thus the cold of the northern hemisphere is augmented, and this 
in its turn displaces the trade-winds further, and this again acts 
on the ocean currents, and so on ; and this is neither more nor 
less than instability. 
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But if climate be unstable, and if, from some of those tempor- 
ary causes for which no reasons can as yet be assigned, there 
occurs a short period of cold, then surely some even infinitesimal 
portion of the second link in the chain of causation must exist ; 
and this should proceed as in the first case to augment the 
departure from the original condition, and the climate must 
change. 

In a matter so complex as the weather, it is at least possible 
that there should be instability when the cause of disturbance is 
astronomical, whilst there is stability in an ordinary sense. If 
this is so, it might be explained by the necessity for a prolonged 
alteration in the direction of prevailing winds in order to affect 
oceanic currents (Zoppritz, Phi’. Mag. 1878). 

However this may be, so remarkable a doctrine as the insta- 
bility of climate must certainly be regarded with great suspicion, 
and we should require abundant proof before accepting it. Now 
there is one result of Mr. Croll’s theory which should afford 
almost a crucial test of itsacceptability. In consequence of the 
precession of the equinoxes the conditions producing glaciation 
in one hemisphere must be transferred to the other every 10,000 
years. If there is good geological evidence that this has actually 
been the case, we should allow very great weight to the astrono- 
mical theory, notwithstanding the difficulties in its way. Mr. 
Croll has urged that there is such evidence, and this view has 
been recently strongly supported by M. Blytt (NATURE, July 8 
and 15, 1886). Other geologists do not, however, seem convinced 
of the conclusiveness of the evidence. 

Thus Mr. Wallace (‘Island Life’’), whilst admitting that 
there was some amelioration of climate from time to time during 
the last glacial period, cannot agree in the regular alternations of 
cold and warm demanded by Mr. Croll’s theory. To meet this 
difficulty he proposes a modification. According to his view, 
large eccentricity in the earth’s orbit will only produce glaciation 
when accompanied by favourable geographical conditions. And 
when extreme glaciation has once been established in the hemi- 
sphere which has its winter in aphelion, the glaciation will persist, 
with some diminution of intensity, when precession has brought 
round the perihelion to the winter. In this case, according to 
Wallace, glaciation will be simultaneous on both hemispheres. 

Again, he contends that, if the geographical conditions are 
not favourable, astronomical causes alone are not competent to 
produce glaciation. 

There is agreement between the two theories in admitting in- 
stability of climate at first, when glaciation is about to begin 
under the influence of great eccentricity of the orbit, but after- 
wards Wallace demands great stability of climate. Thus he 
maintains that there is great stability in extreme climates, either 
warm or cold, whilst there is instability in moderate climates. I 
cannot perceive that we have much reason from physical con- 
siderations for accepting these remarkable propositions, and the 
acceptance or rejection of them demands an accurate knowledge 
of the most nicely balanced actions, of which we have as yet 
barely an outline. 

Ocean currents play a most prominent part in these theories, 
but at this moment our knowledge of the principal oceanic circu- 
lation, and of its annual variability, is very meagre. In the 
course of a few years we may expect a considerable accession to 
our knowledge, when the Meteorological Office shall have com- 
pleted a work but just begun—viz. the analysis of ships’ lozs for 
some s.xty years, for the purpose of laying down in charts the 
oceanic currents. 

With regard to the great atmospheric currents even the general 
scheme is not yet known. Nearly thirty years ago Prof. James 
Thomson gave before this Association at Dublin an important 
suggestion on this point. Asit has been passed over in complete 
silence ever since, the present seems to be a good opportunity of 
redirecting attention to it. 

According to Halley’s theory of atmospheric circulation, the 
hot air rises at the equator and floats north and south in two 
grand upper currents, and it then acquires a westward motion 
relatively to the earth’s surface, in consequence of the earth’s 
rotation. Also the cold air at the pole sinks and spreads out 
over the earth’s surface in a southerly current, at first with a 
westerly tendency, because the air comes from the higher regions 
of the atmosphere, and afterwards due south, and then easterly, 
when it is left behind by the earth in its rotation. 
Now Prof. Thomson remarks that this theory disagrees with 

fact in as far as that in our latitudes, the winds, though westerly, 
have a poleward tendency, instead of the reverse. 

In the face of this discrepancy he maintains that ‘‘the great 

circulation already described does actually occur, but occurs sub- 
ject to this modification, that a thin stratum of air on the surface 
of the earth in the latitudes higher than 30°—a stratum in which 
the inhabitants of those latitudes have their existence, and of 
which the movements constitute the observed winds of those 
latitudes—being, by friction and impulses on the surface of the 
earth, retarded with reference to the rapid whirl or vortex-motion 
from west to east of the great mass of air above it, tends to flow 
towards the pole, and actually does so flow to supply the partial 
void in the central parts of that vortex due to the centrifugal 
force of its revolution, Thus it appears that in the temperate 
latitudes there are three currents at different heights —that the 
uppermost moves towards the pole, and is part of a grand primary 
circulation between equatorial and polar regions ; that the lower- 
most moves also towards the pole, but is only a thin stratum 
forming part of a secondary circulation ; that the middle current 
moves from the pole, and constitutes the return current for both 
the preceding ; and that all these three currents have a prevailing 
motion from west to east” (Brit. Assoc. Report, Dublin, 1857, 

pp: 35; 39). 
Such, then, appears to be our present state of ignorance of 

these great terrestrial actions, and any speculations as to the 
precise effect of changes in the annual distribution of the sun’s 
heat must be very hazardous until- we know more precisely the 
nature of the thing changed. 
When looking at the astronomical theory of geological climate 

as a whole, one cannot but admire the symmetry and beauty of 
the scheme, and nourish a hope that it may be true ; but the 
mental satisfaction derived from our survey must not blind us to 
the doubts and difficulties with which it is surrounded. 

And now let us turn to some other theories bearing on this 
important point of geological time. 

Amongst the many transcendent services rendered to science 
by Sir William Thomson, it is not the least that he has turned 
the searching light of the theory of energy on to the science of 
geolozy. Geologists have thus been taught that the truth must 
lie between the cataclysms of the old geologists and the uniformi- 
tarianism of forty years ago. It is now generally believed that 
we must look for a greater inten-ity of geologic action in the 
remote past, and that the duration of the geologic ages, however 
little we may be able mentally to grasp their greatness, must bear 
about the same relation to the numbers which were written down 
in the older treatises on geology, as the life of an ordinary man 
does to the age of Methuselah. 

The arguments which Sir William Thomson has adduced in 
limitation of geological time are of three kinds. I shall refer 
first to that which has been called the argument from tidal fric- 
tion ; but before stating the argument itself it will be convenient 
to speak of the data on which the numerical results are 
based. 

Since water is not frictionless, tidal oscillations must be subject 
to friction, and this is evidenced by the delay of twenty-four to 
thirty-six hours which is found to occur between full and change 
of moon and spring-tide. An inevitable result of this friction 
is that the diurnal rotation of the earth must be slowly retarded, 
and that we who accept the earth as our timekeeper must accu e€ 
the moon of a secular acceleration of her motion round the earth, 
which cannot be otherwise explained. It is generally admitted 
by astronomers that there actually is such an unexplained secular 
acceleration of the moon’s mean motion. 

No passage in Thomson and Tait’s ‘‘ Natural Philosophy ” 
has excited more general interest than that in which Adams is 
quoted as showing that, with a certain vilue for the secular 
acceleration, the earth must in a century fall behind a perfect 
chronometer, set and rated at the beginning of the century, 
by twenty-two seconds. Unfortunately this passage in the first 
edition gave an erroneous complexion to Adams's opinion, and 
being quoted without a statement of the premises, has been 
used in popular astronomy as an authority for establishing the 
statement that the earth is actually a false timekeeper to the 
precise amount specified. 

In the second edition (in the editing of which I took part) 
this passage has been rewritten, and it is shown that Newcomb’s 
estimate of the secular acceleration only gives about one third of 
the retardation of the earth’s rotation, which resulted from 
Adams’s value. The last sentence of the paragraph here runs as 
follows :—‘‘ It is proper to add that Adams lays but little stress 
on the actual numerical values which have been used in this 
computation, and is of opinion that the amount of tidal retarda- 
tion of the earth's rotation is quite uncertain.” Thus, in the 
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opinion of our great physical astronomer, a datum is still wanting 
for the determination of a limit to geological time, according 
to Thomson’s argument. 

However, subject to this uncertainty, with the values used by 
Adams in his computation, and with the assumption that the rate 
of tidal friction has remained constant, then a thousand million 
years ago the earth was rotating twice as fast as at present. In 
the last edition of the ‘‘ Natural Philosophy ” the argument from 
these data runs thus :— 

“Tf the consolidation of the earth took place then or earlier, 
the ellipticity of the upper layers (of the earth’s mass) must have 
been zt, instead of about s4;, as it is at present. It must 
necessarily remain uncertain whether the earth would from time 
to time adjust itself completely to a figure of equilibrium adapted 
to the rotation. But itis clear that a want of complete adjust- 
ment would leave traces in a preponderance of land in equatorial 
regions. The existence of large continents and the great effec- 
tive rigidity of the earth’s mass render it improbable that the 
adjustment, if any, to the appropriate figure of equilibrium would 
be complete. The fact, then, that thecontinents are arranged along 
meridians, rather than in an equatorial belt, affords some degree 
of proof that the consolidation of the earth took place at a time 
when the diurnal rotation differed but little from its present value. 
It is probable, therefore, that the date of consolidation is con- 
siderably more recent than a thousand million years ago.” » 

I trust it may not be presumptuous in me to criticise the views 
of my great master, at whose intuitive perception of truth in 
physical questions I have often marvelled, but this passage does 
not even yet seem to me to allow a sufficiently large margin of 
uncertainty. 

It will be observed that the argument reposes on our certainty 
that the earth possesses rigidity of such a kind as to prevent its 
accommodation to the figure and arrangement of density appro- 
priate to its rotation. In an interesting discussion on subaérial 
denudation Croll has concluded that nearly one mile may have 
been worn off the equator during the past 12,000,000 years, if 
the rate of denudation all along the equator be equal to that of 
the basin of the Ganges (‘‘ Climate and Time,” 1885, p. 336). 
Now, since the equatorial protuberance of the earth when the 
ellipticity is 4, is fourteen miles greater than when it is z},, it 
follows that 170,000,000 years would suffice to wear down the 
surface to the equilibrium figure. Now let these numbers be 
halved or largely reduced, and the conclusion remains that denu- 
‘dation would suffice to obliterate external evidence of some early 
excess of ellipticity. 

If such external evidence be gone,! we must rely on the in- 
compatibility of the known yalue of the precessional constant 
with an ellipticity of internal strata of equal density-greater than 
that appropriate to the actual ellipticity of the surface. Might 
there not be a considerable excess of internal ellipticity without 
-our being c gnisant of the fact astronomically ? 

And, further, have we any right to feel so confident of the 
internal structure of the earth as to be able to allege that the 
earth would not through its whole mass adjust itself almost 
‘completely to the equilibrium figure ? 

Tresca has shown in his admirable memoirs on the flow of 
solids that when the stresses rise above a certain value the solid 
becomes plastic, and is brought into what he calls the state of 
fluidity. I do not know, however, that he determined at what 
stage the flow ceases when the stresses are gradually diminished. 
It seems probable, at least, that flow will continue with smaller 
stresses than were initially necessary to start it. But if this is 
so, then, when the earth has come to depart both internally and 
externally from the equilibrium condition, a flow of solid will set 
in, and will continue until a near approach to the equilibrium 
-condition is attained. 

When we consider the abuzdant geological evidence of the 
plasticity of rock, and of the repeated elevation and subsidence 
of large areas on the earth’s surface, this view appears to me more 
probable than Sir William Thomson’s. 

On the whole, then, I can neither feel the cogency of the 
argument from tidal friction itself, nor, accepting it, can I 
place any reliance on the limits which it assigns to geological 
history. 

* I find by a rough calculation that ths of the land in the northern 
hemisphere are in the equatorial half of that hemisphere, viz. between o° and 
30° N. lat. ; and that #8ths of the land in the southern hemisphere are in the 
equator.al half of that hemisphere, viz. between o° and 30° S. lat. ‘Thus for 
the whole earth, 4$}ths ofall the land lie in the equatorial half ofits surface, be- 
tween 30° N. and S. lat. In this computation the Mediterranean, Caspian, 
-and Black Seas are treated as land. 
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The second argument concerning geological time is derived 
from the secular cooling of the earth. 

We know in round numbers the rate of increase of temperature, 
or temperature gradient, in borings and mines, and the conduc- 
tivity of rock. These data enable us to-compute how long ago 
the surface must have had the temperature of melting rock, 
and when it must have been too hot for vegetable and animal 
life. 

Sir William Thomson, in his celebrated essay on this subject (re- 
published in Thomson and Tait’s ‘‘Natural Philosophy,’’Appendix 
D), concludes from this argument that ‘‘for the last 96,000,000 
years the rate of increase of temperature underground has 
gradually diminished from about /;th to about ;;thof a degree 
Fahrenheit per foot. . . Is not this, on the whole, in harmony 
with geological evidence, rightly interpreted? Do not the vast 
masses of basalt, the general appearances of mountain-ranges, 
the violent distortions and fractures of strata, the great prevalence 
of metamorphic action (which must have taken place at depths of 
not many miles, if so much), all agree in demonstrating that the 
rate of increase of temperature downwards must have been much 
more rapid, and in rendering it probable that volcanic energy, 
earthquake shocks, and every kind of so-called plutonic action, 
have been, on the whole, more abundantly and violently ' 
operative in geological antiquity than in the present age?” 

Now, while I entirely agree with the general conclusion of Sir 
William Thomson, it is not unimportant to indicate a possible — 
flaw in the argument. This flaw will only be acknowledged as 
possible by those who agree with the previous criticism on the 
argument from tidal friction. 

The present argument as to the date of the consolidation of 
the earth reposes on the hypothesis that the earth is simply a 
cooling globe, and there are reasons why this may not be the 
case. The solidification of the earth probably began from the 
middle and spread to the surface. Now is it not possible, if not — 
probable, that, after a firm crust had been formed, the upper 
portion still retained some degree of viscosity? If the interior 
be viscous, some tidal oscillations must take place in it, and, 
these being subject to friction, heat must be generated in the 
viscous portion ; moreover the diurnal rotation of the earth must 
be retarded. Some years ago, ina paper on the tides ofa spheroid, 
viscous throughout the whole mass (P22/. Zrans., part ii. 1879), 1 
estimated the amount and distribution of the heat generated 
whilst the planet’s rotation is being retarded and the satellite’s 
distance is being increased. It then appeared that on that hypo- 
thesis the distribution of the heat must be such that it woald only 
be possible to attribute a very small part of the observed tem- 
perature gradient to such a cause. Now, with a more probable 
internal constitution for the earth in early times, the result 
might be very different. Suppose, in fact, that it is only those 
strata which are within some hundreds of miles of the surface 
which are viscous, whilst the central portion is rigid. Then, 
when tidal friction does its work the same amount of heat is 
generated as on the hypothesis of the viscosity of the whole planet, 
but instead of being distributed throughout the whole mass, and 
principally towards the middle, it is now to be found in the more 
superficial layers. 

In my paper it is shown that with Thomson's data for the con- 
ductivity of rock and the temperature gradient, the annual loss 
of heat by the earth is 1/260,009,090 part of the earth’s kinetic 
energy of rotation. 

Also, if by tidal friction the day is reduced from Jy hours to 
D hours, and the moon’s distance augmented from MI, to TI 
earth’s radii, the energy which has been converted into heat in 
the process is 

(4y -1- 884 (ce =a) times the earth’s kinetic energy 
LY 

of rotation. 
From these data it results that the heat generated in the 

lengthening of the day from twenty-three to twenty-four hours is 
equal to the amount of heat lost by the earth, at its present rate 
of loss, in 23,000,000 years. : : 
Now if this amount of heat, or any sensible fraction of it, was 

actually generated within a few hundred miles of the earth’s 
surface, the temperature gradient in the earth must be largely 
due to it, instead of to the primitive heat of the mass. ; 

Such an hypothesis precludes the assumption that the earth is 
simply a cooling mass, avd would greatly prolong the possible 
extension of geological time. It must be observed that this view 
is not acceptable unless we admit that the earth can adjust itself 
to the equilibrium figure adapted to its rotation. 
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It seems also worthy of suggestion that our data for the average 
giadient of temperature may be somewhat fallacious. Recent 
observations (Cad/enger Expedition) show that the lower stratum 
of the ocean is occupied by water at near the freezing tempera- 
ture, whilst the mean annual temperature of the earth’s surface, 
where the borings have been made, must be at least 30° higher. 
It does not then seem impossible that the mean temperature 
gradient for the whole earth should differ sensibly from the mean 
gradient in the borings already made. 

The foregoing remarks have not been made with a view of 
showing Sir William Thomson’s argument from the cooling of 
the earth to be erroneous, but rather to maintain the scientific 
justice of assigning limits of uncertainty at the very least as 
wide as those given by him. Prof. Tait (“ Recent Advances in 
Physical Science,” 1885) cuts the limit down to 10,000,000 
years ; he may be right, but the uncertainties of the case are 
far too great to justify us in accepting such a narrowing of the 
conclusion. 

The third line of argument by which a superior limit is sought 
for the age of the solar system appears by far the strongest. This 
argument depends on the amount of radiant energy which can 
have been given out by the sun. 

The amount of work done in the concentration of the sun 
from a condition of infinite dispersion may be computed with 
some accuracy, and we have at least a rough idea of the rate of 
the sun's radiation. From these data Sir William Thomson 
concludes (Thomson and Tait, ““ Natural Philosophy,’ Appen- 
dix E) :— 

“Tt seems, therefore, on the whole most probable that the sun 
has not illuminated the earth for 100,000,000 years, and almost 
certain that he has not done so for 500,000,000 years. As for the 
future, we may say, with equal certainty, that inhabitants of the 
earth cannot continue to enjoy the light and heat essential to 
their life for many million years longer unless sources now 
unknown to us are prepared in the great storehouse of 
creation.” 

This result is based on the value assigned by Pouillet and 
Herschel to the sun’s radiation. Langley has recently made a 
fresh determination, which exceeds Pouillet’s in the proportion of 
eight to five.! With Langley’s value Thomson’s estimate of time 
would have to be reduced by the factor five-eighths. 

It has been suggested by Croll that the primitive solar nebula 
may have been hot. ‘his heat must have arisen from the col- 
lision of two or more masses ; if their relative velocity before 
collision was that due simply to their mutual attraction, the heat 
so generated is already counted in the heat generated by the 
concentration of the sun froma state of infinite dispersion. But 
if the relative velocity existed otherwise than from their mutual 
attraction, then the total heat in the sun might exceed that due 
simply to concentration. Sir William Thomson considers the 
hypothesis very improbable. The term improbability seems, 
however, almost to lose its meaning in these speculations, and at 
least we know by the spectroscope that actual nebulz do consist 
of incandescent gases. 

In considering these three arguments I have adduced some 
reasons against the validity of the first argument, and have en- 
deavyoured to show that there are elements of uncertainty sur- 
rounding the other two ; nevertheless they undoubtedly constitute 
a contribution of the first importance to physical geology. 
Whilst then we may protest against the precision with which Prof. 
Tait seeks to deduce results from them, we are fully justified in 
following Sir William Thomson, who says that “‘the existing 
state of things on the earth, life on the earth, all geological 
history showing continuity of life, must be limited within some 
such period of past time as 100,000,000 years.” 

If I have carried you with me in this survey of theories bear- 
ing on geological time, you will agree that something has been 
acquired to our knowledge of the past, but that much more 
remains still to be determined. 

Although speculations as to the future course of science are 
usually of little avail, yet it seems as likely that meteorology and 
geology will pass the word of command to cosmical physics as 
the converse. 

At present our knowledge of a definite limit to geological 
time has so little precision that we should do wrong to summarily 

* Langley (Anan. Res. R. A. S. 1885) estimates that 3 calories per minute are 
received by a square centimetre at distance unity. ‘[his gives for the total 
annual radiation of the sun 4°38 X 1033 calories. Thomson gives as Pouillet’s 
eslimate 6 X 103’ times the heat required to raise 1 lb. of water 1° Cels., or 
2°72 X 1033 calor.es. 
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reject any theories which appear to demand longer periods of 
time than those which now appear allowable. 

In each branch of science hypothesis forms the nucleus for the 
aggregation of observation, and as long as facts are assimilated 
and co-ordinated we ought to follow our theory. Thus even if 
there be some inconsistencies with a neighbouring science we 
may be justified in still holding to a theory, in the hope that 
further knowledge may enable us to remove the difficulties. 
There is no criterion as to what degree of inconsistency should 
compel us to give up a theory, and it should be borne in mind 
that many views have been utterly condemned, when later know- 
ledge has only shown us that we were in them only seeing the 
truth from another side. 

SECTION B 

CHEMICAL SCIENCE 

OPENING ADDRESS BY WILLIAM CROOKES, F.R.S., V.P.C.S., 
PRESIDENT OF THE SECTION 

A GLANCE over the Presidential addresses delivered before 
this Section on former occasions will show that the occupiers of 
this chair have ranged over a fairly wide field. Some of my 
predecessors have given a general survey of the progress of 
chemical science during the past year; some, taking up a tech- 
nological aspect of the subject, have discussed the bearings of 
chemistry upon our national industries; others, again, have 
passed in review the various institutions in this country for teach- 
ing chemistry ; and in yet other cases the speaker has had the 
opportunity of bringing before the scientific world, for the 
first time, an account of some important original researches. 

On this occasion I venture to ask your attention to a few 
though s on the very foundations of chemistry as a sclence—on 
the nature and the probable, or at least possible, origin of the 
so-called elements. If the views to which I have been led may 
at first glance appear heretical, I must remind you that in some 
respects they are shared more or less, as I shall subsequently 
show, by not a few of the most eminent authorities, and notably 
by one of my predecessors in this chair, Dr. J. H. Gladstone, 
F.R.S., to whose brilliant address, delivered in 1883, I must beg 

to refer you. 
Should it not sometimes strike us, chemists of the present day, 

that after all we are in a position unpleasantly akin to that of our 
forerunners, the alchemists of the Middle Ages? These necro- 
mancers of a time long past did not, indeed, draw so sharp a 
line as do we between bodies simple and compound ; yet their 
life-task was devoted to the formation of new combinations, and 
to the attempt to transmute bodies which we commonly consider 
as simple and ultimate—that is, the metals. In the department 
of synthesis they achieved very considerable successes; in 
the transmutation of metals their failure is a matter of 
history. 

But what are we of this so-called nineteenth century doing in 
our laboratories and our libraries? Too many of us are content 
to acquire simply what others have already observed and dis- 
covered, with an eye directed mainly to medals, certificates, 

diplomas, and other honours recognised as the fruits of * pass- 
ing.” Others are seeking to turn the determined facts of 
chemistry to useful purposes ; whilst a third class, sometimes 
not easily distinguished from the second, are daily educing novel 
organic compounds, or are racking their ingenuity to prepare 
artificially some product which Nature has hitherto furnished us 
through the instrumentality of plants and animals. The prac- 
tical importance of such investigations, and their bearing on the 
industrial arts and on the purposes and needs of daily life, have 
been signally manifested during the last half-century. 

Still a fourth class of inquirers working at the very confines 
of our knowledge find themselves, occasionally at least, face to- 

face with a barrier which has hitherto proved impassable, but 

which must be overthrown, surmounted, or turned, if chemical 

science is ever to develop into a definite, an organised, unity. 

This barrier is nothing less than the chemical elements commonly 

so called, the bodies as yet undecomposed into anything simpler 

than themselves. There they extend before us, as stretched the 

wide Atlantic before the gaze of Columbus, mocking, taunting, 

and murmuring strange riddles which no man yet has been able 
to solve. 

The first riddle, then, which we encounter in chemistry is,. 

‘‘ What are the elements?” Of the attempts hitherto made to- 
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define or explain an element, none satisfy the demands of the 
human intellect. The text-books tell us that an element is ‘‘a 
body which has not been decomposed” ; that it is ‘fa something 
to which we can add, but from which we can take away nothing, ” 
or, ‘‘a body which increases in weight with every chemical 
change.” Such definitions are doubly unsatisfactory : they are 
provisional, and may cease to-morrow to be applicable in any 
given case. They take theirstand, not on any attribute of the 
things to be defined, but on the limitations of human power ; 
they are confessions of intellectual impotence. 

Just as to Columbus long philosophic meditation led him to the 
fixed belief of the existence of a yet untrodden world beyond that 
waste of Atlantic waters, so to our most keen-eyed chemists, phy- 
sicists, and philosophers a variety of phenomena suggest the con- 
viction that the elements of ordinary assumption are not theultimate 
boundary in this direction of the knowledge which man may 
hope to attain, Well do I remember, soon after I had obtained 
evidence of the distinct nature of thallium, that Faraday said to 
me—‘‘ To discover a new element is a very fine thing, but if you 
could decompose an element and tell us what it is made of— 
that would be a discovery indeed worth making.” And this was 
no new speculation of Faraday’s, for in one of his early lectures 
he remarked—“‘ At present we begin to feel impatient, and to 
wish for a new state of chemical elements. For a time the 
desire was to add to the metals, now we wish to diminish their 
number. . . . To decompose the metals, then, to re-form them, 
to change them from one to another, and to realise the once 
absurd notion of transmutation, are the problems now given to 
the chemist for solution.” 

Mr. Herbert Spencer, in his hypothesis of the constitution of 
matter, says : ‘‘ All material substances are divisible into so-called 
elementary substances composed of molecular particles of the 
same nature as themselves ; but these molecular particles are 
complicated structures consisting of congregations of truly ele- 
mentary atoms, identical in nature and differing only in position, 
arrangement, motion, &c., and the molecules or chemical atoms 
are produced from the true or physical atoms by processes of 
evolution under conditions which chemistry has not yet been 
able to reproduce.”’ 

Mr. Norman Lockyer has shown, I think on good evidence, 
that in the heavenly bodies of the highest temperature a large 
number of our reputed elements are dissociated, or, as it would 
perhaps be better to say, have never been formed. Mr. Lockyer 
holds that ‘‘the temperature of the sun and the electric arc is 
high enough to dissociate some of the so-called chemical ele- 
ments, and give us a glimpse of the spectra of their bases” ; and 
he likewise says that ‘‘a terrestrial element is an exceedingly 
complicated thing that is broken up into simpler things at the 
temperature of the sun, and some of these things exist in some 
sun-spots, while other constituents exist in others.” 

The late Sir Benjamin Brodie, in a lecture on ‘Ideal 
Chemistry ” delivered before the Chemical Society in 1867, goes 
even further than this. He says :—‘* We may conceive that, in 
remote time or in remote space, there did exist formerly, or 
possibly do exist now, certain simpler forms of matter than we 
find on the surface of our globe—a, x, &, v, and so on. . 
We may consider that in remote ages the temperature of matter 
was much higher than it is now, and that these other things 
existed then in the state of perfect gases—separate existences— 
uncombined. . . . We may then conceive that the temperature 
began to fall, and these things to combine with one another and to 
enter into new forms of existence, appropriate to the circum- 
stances in which they were placed... . . We may further con- 
sider that, as the temperature went on falling, certain forms of 
matter became more permanent and more stable, to the exclusion 
of other forms. . . . We may conceive of this process of the 
lowering of the temperature going on, so that these substances, 
when once formed, could never be decomposed—in fact, that the 
resolution of these bodies into their component elements could 
never occur again. You would then have something of our 
present system of things. . 
‘Now this is not purely an imagination, for when we look 

upon the surface of our globe we have actual evidence of similar 
changes in Nature. . - When we look at some of the facts 
which have been revealed to us by the extraordinary analyses 
which have been made of the matter of distant worlds and 
nebula, by means of the spectroscope, it does not seem incredi- 
ble to me that there may even be evidence, some day, of the 
independent existence of such things as x and v.” 

In his Burnett Lectures ‘*On Light as a Means of Investiga- 
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tion,” Prof. Stokes, speaking of a line in the spectrum of the 
nebul, says :—‘It may possibly indicate some form of matter 
more elementary than any we know on earth. There seems no 
@ priori improbability in such a supposition so great as to lead us 
at once to reject it. Chemists have long speculated on the so- 
called elements, or many of them, being merely very stable 
compounds of elements of a higher order, or even perhaps of a 
single kind of matter.” 

In 1868 Graham wrote of Sir W. Thomson’s vortex-ring 
theory as enlivening “‘ matter into an individual existence and 
constituting it a distinct substance or element.” 

From these passages, which might easily be multiplied, it 
plainly appears that the notion—not necessarily of the decom- 
posability, but at any rate of the complexity, of our supposed 
elements—is, so to speak, in the air of science, waiting to take 
a further and more definite development. It is important to keep 
before men’s minds the idea of the genesis of the elements ; this 
gives some form to our conceptions, and accustoms the mind to 
look for some physical production of atoms. It is still more im- 
portant, too, to keep in view the great probability that there 
exist in Nature laboratories where atoms are formed, and labora- 
tories where atoms cease to be. Weare on the track and are 
not daunted, and fain would we enter the mysterious region 
which ignorance tickets ‘‘ Unknown.” It is for us to strive to 
unravel the secret composition even of the so-called elements— 
to undauntedly persevere—and ‘‘still bear up right onward.” 

If we adopt the easy-going assumption that the elements, 
whether self-existent or created, are absolutely and primordially 
distinct ; that they existed as we now find them prior to the 
origin of stars and their attendant planets, constituting, in fact, 
the primal ‘‘fire-mist,” we are little, if any, the wiser. 
We look at their number and at their distinctive properties, 
and we ask, Are all these points accidental or determinate ? 
In other words, might there as well have been only 7, 
or 709, or 7000 absolutely distinct elements as the 70 (in 
round numbers) which we now commonly recognise? The 
number of the elements does not, indeed, commend itself to our 
reason from any @ frioré or extraneous considerations. Might 
their properties have conceivably differed from those which we 
actually observe? Are they formed by a “ fortuitous concatena- 
tion,” or do they constitute together a definite whole, in which 
each has its proper pert to play, and from which none could be 
extruded without leaving a recognisable deficiency ? : 

If their peculiarities were accidental, it would scarcely be 
possible for the elements to display those mutual relations which 
we find brought into such prominent light and order in the 
periodic classification of Newlands, Mendeléeff, and Meyer. 
Has not the relation between the atomic weights of the three 
halogens, chlorine, bromine, and iodine, and their serially vary- 
ing properties, physical and chemical, been worn nearly thread- 
bare? And the same with the calcium and the sulphur groups ? 
Surely the probability of such relations existing among some 
seventy bodies which had come into fortuitous existence would 
prove to be vanishingly small ! 

We ask whether these elements may not have been evolved 
from some few antecedent forms of matter—or possibly from only 
one such—just as it is now held that all the innumerable varia- 
tions of plants and animals have been developed from fewer 
and earlier forms of organic life? As Dr. Gladstone well puts 
it, they ‘have been built up from one another, according to 
some general plan.” This building up, or evolution, is above 
all things not fortuitous : the variation and development which 
we recognise in the universe run along certain fixed lines which 
have been preconceived and foreordained. To the careless and 
hasty eye, design and evolution seem antagonistic ; the more 
careful inquirer sees that evolution, steadily proceeding along an 
ascending scale of excellence, is the strongest argument in favour 
of a preconceived plan. 

The array of the elements cannot fail to remind us of the 
general aspect of the organic world. In both cases we see 
certain groups well filled up, even crowded with forms having 
among themselves but little specific difference. On the other 
hand, in both, other forms stand widely isolated. Both display 
species that are common and species that are rare; both have 
groups widely distributed—it might be said cosmopolitan, and 
other groups of very restricted occurrence. Among animals I 
may mention as instances the Monotremata of Australia and 
New Guinea, and among the elements the metals of the so-called 
rare earths. 

| 
| 
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Now as these facts in the distribution of organic forms are 
generally considered by biological experts to rank anong the 
weightiest evidences in favour of the origin of species by a 
process of evolution, it seems natural, in this case as in the 
other, to view existing elements not as primordial but as the 
gradual outcome of a process of development, possibly even of a 
“struggle for existence.” Bodies not in harmony with the 
present general conditions have disappeared or perhaps have 
never existed. Others—the asteroids among the elements— 
have come into being and have survived, but only on a limited 
scale; whilst a third class are abundant because surrounding 
conditions have been favourable to their formation and pre- 
servation. 

The analogy here suggested between elements and organ- 
isms is, indeed, not the closest, and must not be pushed too 
far. From the nature of the case there cannot occur in the 
elements a difference corresponding to the difference between 
living and fossil organic forms. The ‘‘great stone book” can 
tell us nothing of extinct elements. Nor would I for a moment 
suggest that any one of our present elements, however rare, is 
like a rare animal or plant in process of extinction ; that any new 
element is in the course of formation, or that the properties of ex- 
isting elements are gradually undergoing modification. All such 
changes must have been confined to that period so remote as 
not to be grasped by the imagination, when our earth, or rather 
the matter of which it consists, was in a state very different from 
its present condition. The epoch of elemental development is 
decidedly over, and I may observe that in the opinion of not a 
few biologists the epoch of organic development is verging upon 
its close. 

Making, however, every allowance for these distinctions, if 
evolution be a cosmic law, manifest in heavenly bodies, in 
organic individuals, and in organic species, we shall in all 
probability recognise it, though under especial aspects, ia 
those elements of which stars and organisms are in the last 
resort composed. 

Is there then, in the first place, any direct evidence of the 
transmutation of any supposed ‘‘element”’ of our existing list 
into another, or of its resolution into anything simpler ? 

To this question I am obliged to reply in the negative. 
I doubt whether any chemist here present could suggest a 

process which would hold out a reasonable prospect of dissociat- 
ing any of our accepted simple bodies. The highest tempera- 
tures and the most powerful electric currents at our disposal 
have been tried, and tried in vain. At one time there seemed a 
possibility at least that the interesting researches of Prof. Victor 
Meyer might show the two higher members of the halogen 
group, bromine and iodine, as entering upon the path of dis- 
sociation. These hopes have not been fulfilled. It may be 
said, in the general opinion of the most eminent and judicious 
chemists, that none of the phenomena thus elicited prove that 
even an approach has been made to the object in view. 

Even if we leave our artificial laboratories and seek an escape 
from the difficulty by observing the processes of the great 
laboratories of Nature, we feel no sufficiently firm ground. 
We find ourselves thus driven to indirect evidence—to that 

which we may glean from the mutual relations of the elementary 
bodies. Such evidence of great value is by no means lacking, 
and to this I now beg to direct attention. First, we may 
consider the conclusion arrived at by Herschel, and pursued by 
Clerk-Maxwell, that atoms bear the impress of manufactured 
articles. Let us look a little more closely at this view. A 
manufactured article may well be supposed to involve a manu- 
facturer. But it does something more: it implies certainly a raw 
material, and probably, though not certainly, the existence of 
by-products, residues, paraleipomena. What or where is here 
the raw material? Can we detect any form of matter which 
bears to the chemical elements a relation like that of a raw 
material to the finished product, like that, say, of coal-tar to 
alizarin? Or can we recognise any elementary bodies which 
seem like waste or refuse? Or are all the elements, according 
to the common view, co-equals? To these questions no direct 
answer is as yet forthcoming.$ 

And this leads us up to an hypothesis which, if capable of full 
demonstration, would show us that the accepted elements are 
not co-equal, but have been formed by a process of expansion or 
evolution. I refer to the well-known hypothesis of Prout, which 
regards the atomic weights of the elements as multiples, by a 
series of whole numbers, of unity = the atomic weight of 

hydrogen. Every one is aware that the recent more accurate 
determinations of the atomic weights of different elements do 
not by any means bring them into close harmony with the values 
which Prout’s law would require. Still, in no small number of 
cases the actual atomic weights approach so closely to those 
which the hypothesis demands, that we can scarcely regard the 
coincidence as accidental. Accordingly, not a few chemists of 
admitted eminence consider that we have here an expression of 
the truth, masked by some residual or collateral phenomena 
which we have not yet succeeded in eliminating. 

The original calculations on which the most accurate numbers 
for the atomic weights are founded, have recently been re- 
calculated by Mr. F. W. Clarke. In his concluding remarks, 
speaking of Prout’s law, Mr. Clarke says that ‘‘none of the 
seeming exceptions are inexplicable. In short, admitting half- 
multiples as legitimate, it is more probable that the few ap- 
parent exceptions are due to undetected constant errors than 
that the great number of close agreements should be merely 
accidental. I began this re-calculation of the atomic weights 
with a strong prejudice against Prout’s hypothesis, but the facts 
as they came before me have forced me to give it a very respect- 
ful consideration.”’ 

But if the evidence in favour of Prout’s hypothesis in its 
original guise is deemed insufficient, may not Mr. Clarke's sug- 
gestion of half-multiples place it upon an entirely new basis ? 
Suppose that the unit ofthe scale, the body whose atomic weight 
if multiplied by a series of whole numbers gives the atomic 
weights of the remaining elements, is not hydrogen, but some 
element of still lower atomic weight? We are here at once 
reminded of helium—an element purely hypothetical as far as 
our earth is concerned, but supposed by many authorities, on the 
faith of spectroscopic observations, to exist in the sun and in other 
stellar bodies. Most solar eruptions present merely the charac- 
teristic lines of hydrogen, C, F, and H, and along with them 
one particular line which at first was classed in the sodium 
group, but which is a little more refrangible, and is designated 
by the symbol D3. According to Mr. Norman Lockyer and the 
late Father Secchi, this ray undergoes modifications not compar- 
able to those affecting other rays of the chromosphere. In the 
corresponding region of the spectrum no dark ray has been 
observed. That the accompanying lines, C, F, and H, pertain 
to hydrogen is evident ; and as D, has never been obtained in 
any other spectrum it is supposed to belong to a body foreign to 
our earth, though existing in abundance in the chromosphere 
of the sun. To this hypothetical body the name helium is 
assigned. 

In an able memoir on this subject read before the Academy of 
Brussels, the Abbé E. Spée shows that, if helium exists, it 
enjoys two very remarkable properties. Its spectrum consists of 
a single ray, and its vapour possesses no absorbent power. The 
simple single ray, though I believe unexampled, is by no means 
an impossible phenomenon, and indicates a remarkable simplicity 
of molecular constitution. The non-absorbent property of its 
vapour seems to be aserious objection to a general physical law. 
Prof. Tyndall has demonstrated that the absorptive power in- 
creases with the complexity of molecular structure, and hence he 
draws the conclusion that the simpler the molecule the feebler 
the absorption. This conclusion the Abbé Spce regards as 
perfectly legitimate ; but it neither explains nor even necessitates 
the absence of a// absorptive power. 

Granting that helium exists, all analogy points to its atomic 
weight being below that of hydrogen. Here, then, we may have 
the very element with atomic weight half that of hydrogen, re- 
quired by Mr. Clarke as the basis of Prout’s law. 

But a more important piece of evidence for the compound 
nature of the chemical elements has yet to be considered. Many 
chemists must have been struck with certain peculiarities in the 
occurrence of the elements in the earth’s crust; it is a stale 
remark that we do not find them evenly distributed throughout 
the globe. Nor are they associated in accordance with their 
specific gravities; the lighter elements placed on or near the 
surface, and the heavier ones following serially deeper and 
deeper. Neither can we trace any distinct relation between local 
climate and mineral distribution. And by no means can we say 
that elements are always or chiefly associated in Nature in the 
order of their so-called chemical affinities ; those which have a 
strong tendency to form with each other definite chemical com- 
binations being found together, whilst those which have little or 
no such tendency exist apart. We certainly find calcium as 
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carbonate and sulphate, sodium as chloride, silver and lead as 
sulphides ; but why do we find certain groups of elements with 
little affinity for each other yet existing in juxtaposition or com- 
mixture? The members of some of these groups are far from 
plentiful, not generally or widely diffused, and certainly they are 
not easy to separate. 

As instances of such grouping we may mention :— 
(1) Nickel and cobalt, of which it may be said that had their 

compounds been colourless, they would have been long regarded 
as identical, and possibly even yet would not have been 
separated, 

(2) The two groups of platinum metals. 
(3) The so-called ‘‘rare earths,” occurring in gadolinite, 

samarskite, &c., and evidently becoming more numerous the 
more closely they are examined. 

Certain questions here suggest themselves :—-Is the series of 
these elements like a staircase or like an inclined plane? Will 
they, the more closely they are scrutinised, be found to fade 
away the more gradually the one into the other? Further, will 
a mixture hitherto held to be simple, like (e.g. didymium, be 
capable of being split up in one direction only, or in several ? 
Thave been led to ask this last question because I have separated 
from didymium bodies which seem to agree neither with the 
praseodymium and neodymium of Dr. Auer von Welsbach, nor 
with the components detected by M. de Boisbaudran and 
M. Demarcay. 

Why, then, are these respective elements so closely associated ? 
What agency has brought them together ? 

An eminent physicist evades the difficulty by suggesting that 
their joint occurrence is simply an instance of the working of the 
familiar principle, ‘‘ Birds of a feather flock together.” In 
their chemical and physical attributes these rare earths are so 
closely similar, that they may be regarded as substantially 
identical in all the circumstances of solution and precipitation 
to which they may have been exposed during geological 
ages. 

But do we, in point of fact, recognise any such agency at work 
in Nature? Is there any power which regularlyand systematic- 
ally sorts out the different kinds of matter from promiscuous 
heaps, conveying like to like and separating unlike from unlike ? 
I must confess that I fail to trace any such distributive agency, 
nor, indeed, do I feel able to form any distinct conception of its 
nature. : 

I must here remark that coral worms in some cases do effect 
a separation of certain kinds of matter. Thus a Gorgonia of 
the species of Melithea, and Mussa sinuosa, undoubtedly elimin- 
ate from sea-water not merely lime, but even yttria ; and other 
recent corals, Pocillopora damicornis, and a Symphyllia close to 
the yttria-secreting AZussa, separate samaria from sea-water. 
Sea-weeds and aquatic mollusks contain a larger proportion of 
iodide and bromine than the waters which they inhabit, and may 
thus be said to separate out these elements from the chlorine 
with which they are mingled. 

But if we examine these cases of elimination we see that they 
are limited in theirscope. They extend only to substances exist- 
ing in solution of which there is a fresh supply always at hand. 
and which are capable of entering into the animal or vegetable 
economy. Again, the elimination of iodine and bromine, 
effected as just described, is of a very imperfect character, and, 
when such water-plants and animals die and decay, their con- 
stituents will be again distributed in the water. 
We cann it well consider that nickel and cobalt have been 

deposited in admixture by organic agency, nor yet the groups 
iridium, osmium, and platinum—ruthenium, rhodium, and 
palladium. 

Since the earthy metals to which I have referred—such as 
yttrium, samarium, holmium, erbium, thulium, ytterbium, &c.— 
are very rare, the probability of their ever having been brought 
together in some few uncommon minerals discovered only in a 
few localities must be regarded as trifling indeed, if we suppose 
that these metals had at any time been widely diffused in a state 
of great dilution with other matter. The features which we have 
just recognised in these earths seem to point to their formation 
severally from some common material placed in conditions in 
each case nearly identical. The case is strengthened by a con- 
sideration of the other groups of elements, also similar in pro- 
perties, having little affinity for each other and occurring in 
admixture ; either all or at least some of the elements concerned 
being moreover decidedly rare. Thus we have nickel and cobalt 
not plentiful or widely distributed ; cobalt, perhaps, never found 
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absolutely free from nickel, and wice versé. We have also the 
two platinum groups, where very similar features prevail. 

A weighty argument in favour of the compound nature of t 
elements is that drawn from a consideration of the compound 
radicals, or, as they might be called, pseudo-elements. Their 
similarity with the accepted elements is perfectly familiar to all 
chemists. If, for example, we suppose that in some age or in 
some country men of science were cognisant of the existence 
and of the behaviour of cyanogen, but had not succeeded 
resolving it into its constituents, nothing, surely, would prevent 
their viewing it as an element, and assigning it a place with t 
halogens. It may fairly be held that if a body which we know 
to be compound can be found playing the part of an element, 
this fact lends a certain plausibility to the supposition that t 
elements also are not absolutely simple. This line of thought, 
or at least one closely approximating to it, was worked out by 
Dr. Carnelley in a paper read before this Association at its las 
meeting. From a comparison of the physical properties of 
inorganic with those of organic compounds, Dr. Carnelley 
concludes that ‘‘ the elements, as a whole, are analogous to th 
hydrocarbon radicals.” This conclusion, if true, he adds, shoul 
lead to the futher inference that the so-called elements are no 
truly elementary, being made up of at least two absolute 
elements, named provisionally A and B. Hence, he argues, it 
should be possible to build up a series of compounds of these 
two primary elements which would correspond to what we now 
call elements. Such an arrangement, to be admissible, would 
have to fulfil certain conditions :—The secondary elements thus 
generated from A and B must exhibit the phenomena o} 
periodicity, and the series would have to form octaves: the 
entire system is bound to display some feature corresponding to 
the ‘‘odd and even series” of Mendeléeft’s classification ; the 
atomic weights must increase across the system from the first to the 
seventh group—that is, from the positive to the negative end of 
each series ; the atomicity would have to increase from the first 
to the middle group, and then either increase or decrease to the 
seventh group; some feature should appear corresponding to 
the eighth group; and, lastly, the atomic weights in such a 
system ought to agree with the atomic weights as experimentally 
determined. 

This last condition Dr. Carnelley rightly regards as the most 
crucial, and he finds his arrangement gives atomic weights which 
in a majority of instances coincide approximately with the actual 
atomic weights. Thus out of a total of sixty-one elements whose 
atomic weights have been determined with at least approximate | 
accuracy, and whose places in the periodic system is not dis- 
puted, twenty-seven agree almost exactly with the actual 
numbers, whilst nineteen others are not more than one unit 
astray. 

For a detailed consideration of the conclusions which follow 
from Dr. Carnelley’s views I must refer to his paper as read at 
our last meeting. Two points bear more especially upon the 
subject now under consideration—that is, if this speculation on 
the genesis of the elements is well-founded. First, the existence 
of elements of identical atomic weights, isomeric with each other, 
would be possible ; as such, Dr. Carnelley mentions respectively 
nickel and cobalt (now found to have slightly different atomic 
weights), rhodium and ruthenium, osmium and iridium, and the 
metals of some of the rare earths. Secondly, in Dr, Carnelley’s 
scheme all the chemical elements save hydrogen are supposed to” 
be composed of two simpler elements, A = 12 and B= —2. 
Of these he regards A as a tetrad identical with carbon, and 
B as a monad of negative weight—perhaps the ethereal fluid of 
space. p 

Dr. Carnelley’s three prinary elements therefore are carbon, 
hydrogen, and the ether. 

Starting from the supposition that pristine matter was once i 
an intensely heated condition, and that it has reached its pres =n 
state by a process of free cooling, Dr. E. J. Mills suggests tha 
the elements, as we now have them, are the result of successive 
polymerisations. Dr. Mills reminds us that chemical substan 
in the process of cooling naturally increase in density, and, 
such increase be measured as a function of time or of tempera 
ture, we sometimes observe that there are critical points corre 
sponding to the formation of new and well-defined substances. 
In this manner ordinary phosphorus is converted into the red 
variety, I is transformed into I,, Sy becomes Ss, and NO, N,Oy. 
Among organic bodies styrol, in like manner, according to Dr. 
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Mills, is converted into metastyrol, aldehyd into paraldehyd, the 
cyanates into cyanurates, and turpentine into metaterebenthene. 
At the critical points above referred to heat is liberated in 
especial abundance, and the bodies thus formed are known as 
polymers. If we could gradually cool down substances through 
a vast range of temperature, we should then probably discover a 
much greater number of such critical points, or points of 
multiple proportion, than we have been able to discover experl- 
mentally. 

The heat given out in the act of polymerisation naturally 
reverses to some extent the polymerisation itself, and so causes a 
partial return to the previous condition of things. This forward 
and backward movement, several times repeated, constitutes 
“periodicity.” Dr. Mills regards variable stars as instances, 
now in evidence, of the genesis of elementary bodies. c 

From a study of the classification of the elements, Dr. Mills is 
of opinion that the only known polymers of the primitive matter 
are arsenic, antimony, and perhaps erbium and osmium ; whilst 
zirconium, ruthenium, samarium, and platinum approximate to 
the positions of other polymers. Hence, from this genetic view, 
these elements may be described as products of successive poly- 
merisations. 

I must now call attention to a method of illustrating the 
periodic law, proposed by my friend Prof. Emerson Reynolds, 
of the University of Dublin, which will here assist us. Prof. 
Reynolds points out that in each period the general properties of 
the elements vary from one to another with approximate 
regularity until we reach the seventh member, which is in more 
or less striking contrast with the first element of the same period, 
as well as with the first of the next. Thus chlorine, the 

_ seventh member of Mendeléeff’s third period, contrasts sharply 

wr | 

both with sodium, the first member of the same series, and with 
potassium, the first member of the next series, whilst, on the 
other hand, sodium and potassium are closely analogous. The 
six elements whose atomic weights intervene between sodium 
and potassium vary in properties, step by step, until chlorine, 
the contrast to sodium, is reached. But from chlorine to 
potassium, the analogue of sodium, there is a change in pro- 
perties fev saléum. Further, such alternations of gradual and 
abrupt transitions are observed as the atomic weights increase. 
If we thus recognise a contrast in properties—more or less 
decided—between the first and the last members of each series, 
we can scarcely help admitting the existence of a point of mean 
variation within each system. In general, the fourth element of 
each series possesses the properties we might expect a transition- 
element to exhibit. If we examine a particular period—for in- 
stance, that one whose meso-element is silicon, we note :—/*¢rst, 
that the three elements of lower atomic weight than silicon, viz. 
sodium, magnesium, and aluminium, are distinctly electro-positive 
in character, while those of higher atomic weight, viz. phos- 
phorus, sulphur, and chlorine, are as distinctly edectro-megative. 
Throughout the best-known periods this remarkable subdivision 
is observable, although, as might be anticipated, the differences 
become less strongly marked as the atomic weights increase. 
Secondly, that the members above and below the meso-element 
fall into pairs of elements, which, while exhibiting certain 
analogies, are generally in more or less direct chemical contrast. 
Thus, in the silicon period we have—- 

Si iv 
+ Al” pr 

+ Mg” Se 
+Na’ Cl— 

This divison also happens, in many cases, to coincide with 
some characteristic valence of the contrasted elements. It is 
noteworthy, however, that the members on the electro-negative 
side exhibit the most marked tendency to vibration in atom-fixing 
power, so that valence alone is an untrustworthy guide to the 
probable position of an element in a period. 

Thus for the purpose of graphic trans!ation Prof. Reynolds 
considers that the fourth member of a period—silicon, for example 
—may be placed at the apex of a symmetrical curve, which shall 
represent, for that particular period, the direction in which the 
properties of the series of elements vary with rising atomic weights. 

In the drawing before you (Fig. 1) I have modified Prof. 
Reynolds’s diagram in one or two points. I have turned it the 
reverse way, as it is more convenient to’ start from the top and 
proceed downwards. I have represented the pendulous swing 
as gradually declining in amplitude, according to a mathe- 
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matical law, and I have introduced another half-swing of the 
pendulum between cerium and lead, which not only renders the 
oscillations more symmetrical, but brings gold, mercury, thal- 
lium, lead, and bismuth on the side where they are in complete 
harmony with members of foregoing groups, instead of being out 
of harmony with them. ‘This modification has another ad- 
vantage, inasmuch as it leaves many gaps to be hereafter filled 
in with new elements just when the development of research is 
beginning to demand room for such expansion. 

I do not, however, wish to infer that the gaps in Mendeléeff’s 
table, and in this graphic representation of it, necessarily mean 
that there are elements actually existing to fill up the gaps ; 
these gaps may only mean that at the birth of the elements 
there was an easy potentiality of the formation of an element 
which would fit into the place. 

Following the curve from hydrogen downwards we find that 
the elements forming Mendeléeff’s eighth group are to be found 
near three of the ten nodal points. These bodies are “ inter- 
periodic,” both because their atomic weights exclude them from 
thesmall periods into which the other elements fall, and because 
their chemical relations with certain members of the adjacent 
periods show that they are probably interperiodic in the sense of 
being transitional. 

This eighth group is divided into the three triplets—iron, nickel, 
and cobalt; rhodium, ruthenium, and palladium; iridium, 
osmium, and platinum, The members of each triplet have often 
been regarded as modifications of one single form of matter. 

Notice how accurately the series of like bodies fits into this 
scheme. Beginning at the top, run the eye down analogous 
positions in each oscillation, taking either the electro-positive 
or electro-negative swings :— 

No Be ee Nae Micy  A Geis, 1Cl (Cc 
Ve Ca Ie Gu “Zn Ga Ge wAsieSe Br oTi 
Nb Sr Rb Ag €d In Sn Sb yTe LT Zr 
— Ba Cs — —_ 
Ta Au Hg Tl Pb Bi 

Notice, also, how orderly the metals discovered by spectrum 
analysis fit in their places—gallium, indium, and thallium. 
The symmetry of nearly all this series proclaims at once that 

we are working in the right direction. We can also learn much 
from the anomalies here visible. Look at the places marked with 
a circle: didymium, samarium, holmium, erbium, ytterbium, 
and thulium. Didymium cannot follow in order after the triad 
nitrogen, vanadium, columbium ; nor erbium follow phosphorus, 
arsenic, antimony; nor thulium follow chlorine, bromine, 
iodine; nor ytterbium follow potassium, rubidium, caesium. 
The inference to be drawn is that these bodies are out of place, 
owing to their atomic weights not having been correctly deter- 
mined —an inference which is strengthened by the knowledge 
that the elementary character of some of these bodies is more 
than doubtful, whilst the chemical attributes of most of them are 
unknown. 

The more I study the arrangement of this zigzag curve the more 
I am convinced that he who grasps the key will be permitted to 
unlock some of the deepest mysteries of creation. Let us imagine 
ifit is possible to get a glimpse of a few of the secrets here hidden. 
Let us picture the very beginnings of time, before geological ages, 
before the earth was thrown off from the central nucleus of 
molten fluid, before even the sun himself had consolidated from 
the original Aro¢y/e.' Let us still imagine that at this primal 
stage all was in an ultra-gaseous state, at a temperature incon- 
ceivably hotter? than anything now existing in the visible 
universe ; so high, indeed, that the chem‘cal atoms could not 
yet have been formed, being still far above their dissociation- 
point. In so far as frotyle is capable of radiating or reflecting 
light, this vast sea of incandescent mist, to an astronomer in a 
distant star, might have appeared as a nebula, showing in the 
spectroscope a few isolated lines, forecasts of hydrogen, carbon, 
and nitrogen spectra. 

1 We require a word, analogous to protoplasm, to express the idea of the 
original primal matter existing before the evolution of the chemical ele- 
ments. ‘The wordI hive ventured to use for this purpose is compounded of 
po (earlier than)and ®» (the stuff of which things are made). ‘The word is 
scarcely a new coinage, for 620 years ago Roger Bacon wrote in his “‘De 
Arte Chymiz’’:—‘' The elements are made out of #7, and every element 
is converted into the nature of another element.” 

2 T am constrained to use words expressive of high temperature; but I 
confess I am unable clearly to associate with Aroty/e the idea of hot or cold. 
Teniperature, radiation, and free cooling seem to require the periodic 
motions that take place in the chemical atoms; and the introduction of 
centres of periodic motion into srotye would constitute its being so far 
changed into chemical atoms. 
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But in course of time some process akin to cooling, probably 
internal, reduces the temperature of the cosmic froty/e to a point 

at which the first step in granulation takes place ; matter as we 
know it comes into existence, and atoms are formed. As soon 
as an atom is formed out of protyle it is a store of energy, 

atoms will be accelerated. But with atomic matter the various 
forms of energy which require matter to render them evident 
begin to act ; and, amongst others, that form of energy which 
has for one of its factors what we now call atomic weight. Let 
us assume that the elementary fro/y/e contains within itself 

potential (from its tendency to coalesce with other atoms by | the potentiality of every possible combining proportion or 
gravitation or chemically) and kinetic (from its internal motions). | atomic weight. Let it be granted that the whole of our known > y | > g 
To obtain this energy, the neighbouring fAroty/e must be re 
frigerated by it,! and thersby the subsequent formation of other s y it; y 1 

| elements were not at this epoch simultaneously created. The 
easiest formed element, the one most nearly allied to the prot) le 

born. 

helium ?—of all the known elemenis the one of simplest struc- 
ture and lowest atomic weight, is the first to come into being. 
For some time hydrogen would be the only form of matter (as 
we now know it) in existence, and between hydrogen and the | 
next formed element there would be a considerable gap in time, 

in simplicity, is first Hydrogen — or shall we say 

during the latter part of which the el 
simplicity would be slowly approaching 

ment next in order « 
its birth-point : pending 

I am indebted to my friend, G Johnstone Stoney, F.R.S., for the ide 
here put forward, as well as for other valuable s iggestions and criticisms on 
sone of the theoretical q 1estions here treated of. 

this period we may suppose that the evolutionary process which 
soon was to determine the birth of a new element, would also 
determine its atomic weight, its affinities, and its chemical 
position. 

In the original genesis, the longer the time occupied in that 
portion of the cooling down during which the hardening of the 
protyle into atoms took place the more sharply defined would 
be the resulting elements ; and, on the other hand, with more 
irregularity in the original cooling we should have a nearer 
approach to ‘he state of the elemental family such as we know 
it at present 



Sept. 2, 1886] 

In this way it is conceivable that the succesion of events which 
gave us such groups as platinum, osmium, and iridium—palla- 

dium, ruthenium, and rhodium—iron, nickel, and cobalt, if the 
operation of genesis had been greatly more prolonged, would 
have resulted in the birth of only one element of these groups. 
It is also probable that, by a much more rapid rate of cooling, 
elements would originate even more closely related than are 
nickel and cobalt, and thus we should have formed the nearly 
allied elements of the cerium, yttrium, and similar groups; in 
fact, the minerals of the class of samarskite and gadolinite may 
be regarded as the cosmical lumber-room where the elements in 
a state of arrested development—the unconnecte 
of inorganic Darwinism—are finally aggregated. 

missing links 

I have said that the original frotyZe contained within itself the 
potentiality of all possible atomic weights. It may well be 
questioned whether there is an absolute uniformity in the mass of 
every ultimate atom of the same chemical element. Probably 
our atomic weights merely represent a mean value around 
which the actual atomic weights of the atoms vary within certain 
narrow limits. 

Each well-defined element represents a platform of stability 
In the first accreting connected by ladders of unstable bodies. 
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together of the primitive stuff the smallest atoms would form, 
then these would join together to form larger groups, the gulf 
across from one stage to another would be gradually bridged over, 
and the stable element appropriate to that stage would absorb, 
as it were, the unstable rungs of the ladder which led up to it. 

I conceive, therefore, that when we say the atomic weight of, for 
instance, calcium is 40, we really express the fact that, while the 
majority of calcium atoms have an actual atomic weight of 40, 
there are not a few which are represented by 39 or 41, a less 
number by 38 or 42, and so on. We are here reminded of 

Newton’s ‘‘ old worn particles.” 
Is it not possible, or even feasible, that these heavier and lighter 

atoms may have been in some cases subsequently sorted out bya 
process resembling chemical fractionation? This sorting out 
may have taken place in part while atomic matter was condens- 
ing from the primal state of intense ignition, but also it may have 
been partly effected in geological ages by successive solutions and 
re-precipitations of the various earths. 

This may seem an audacious speculation, but I do not think it 
is beyond the power of chemistry to test its feasibility. An in- 
vestigation on which I have been occupied for several years has 
yielded results which to me appear apposite to the question, and 
I therefore beg permission here to allude briefly to some of the 

2S 

Fig. 3. ¥aGaddinia) 
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results, reserving details for a subsequent communication to the 
Section. 
My work has been with the earths present in samarskite and 

gadolinite, separating them by systematic fractionation. Chemical 
fractionation, on which I hope to say more on another occasion, 
is very similar to the formation of a spectrum with a wide slit 
and a succession of shallow prisms. The centre portion remains 
unchanged for a long time, and the only approach to purity at 
first is at the two ends, while a considerable series of operations 
is needed to produce an appreciable change in the centre. The 
groups of didymium and yttrium earths are those which have 
chiefly occupied my attention. On comparing these rare earths 
we are at once struck with the close mutual similarity, verging 
almost into identity, of the members of the same group. 

The phosphorescent spectra of these earths when their an- 
hydrous sulphates are submitted to the induction discharge zz 
vacuo are extremely complicated, and change in their details in 
a puzzling manner. For many years I have been persistently 
groping on in almost hopeless endeavour to get a clue to the 
meaning I felt convinced was locked up in these systems of 
bands and lines. It was impossible to divest myself of the 
conviction that I was looking at a series of autograph inscriptions 
from the molecular world, evidently of intense interest, but 

2-4. 

written in a strange and baffling tongue. All attempts to 
decipher the mysterious signs were, however, for a long time, 
fruitless. I required a Rosetta stone. 

Down to a date comparatively recent nothing was more firmly 
fixed in my mind than the noticn that yttria was the oxide of a 
simple body, and that its phosphorescent spectrum gave a definite 
system of coloured bands, such as you see in the drawing before 
you (Fig. 2). Broadly speaking, there is a deep red band, a red 
band, a very luminous citron-coloured band, a pair of greenish- 
blue bands, and a blue band. It is true these bands varied 
slightly in relative intensities and in sharpness with almost every 
sample of yttria I examined ; but the general character of the 
spectrum remained unchanged, and I had got into the way of 
looking upon this spectrum as characteristic of yttria: all the 
bands being visible when the earth was present in quantity, 
whilst only the strongest band of all—the citron band—was 
visible when traces, such as millionths, were present. But that 
the whole system of bands spelled yttria and nothing but yttria I 
was firmly convinced. 

During the later fractionations of the yttria earths, and the 
continued observations of their spectra, certain suspicions which 
had troubled me for some time assumed consistent form. The 
bands which hitherto I had thought belonged to yttria began to 
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vary in intensity among themselves, and continued fractionation 
increased the differences first observed. Whilst I was in this 
state of doubt and uncertainty, and only beginning to see my way 
towards arranging into a consistent whole the facts daily coming 
to light, help came from an unexpected quarter. M. de Marignac, 
with whom I had been for some tine in correspondence, kindly 
sent me a small specimen of the earth which he had discovered 
and provisionally named Ya. In the radiant-matter tube this 
earth gave a bright spectrum like the one in the diagram before 
you (Fig. 3). The spectrum above it (Fig. 2) is that ascribed to 
yttria. Look atthe two. Omitting minor details, Ya is yttria with 
the chief characteristic band—the citron band—left out, and 
with the double green band of samaria added to it. Now look 
at Fig. 4, which represents the spectrum of a mixture of 61 parts 
of yttria and 39 parts of samaria. It is identical almost to its 
minutest detail with the spectrum of Ya, with this not unim- 
portant differeace—the citron band is as prominent as any other 
line. Ya consists, therefore, of samaria with the greenish blue 
of yttria and some of the other yttria bands added to it. 

I may aptly call the Ya spectrum my Rosetta stone. It threw 
a flood of light on all the obscurities and contradictions I had 
found so plentiful, and showed me that a much wider law than 
the one I had been working upon was the true law governing 
the occurrence of these obscure phenomena. For what does the 
spectrum of Ya show? It proves that what I had hitherto 
thought was one of the chief bands in the yttria spectrum—the 
citron band—could be entirely removed, whilst another character- 
istic group—the double green of yttria—could also be separated 
from the citron. 

It would exceed legitimate limits were I to enter into details 
respecting the chemical and physical reasons which led me to 
these definite conclusions. To settle one single point more than 
2000 fractionations have been performed. 

The meaning of the strongly marked symbolic lines had first 
to be ascertained. For a long time I had to be content with 
roughly translating one group of coloured symbols as “‘ yttrium ” 
and another groupas ‘‘samarium,” disregarding the fainter lines, 
shadows, and wings frequently common to both. Constant 
practice in the decipherment has now given me fuller insight 
into what I may call the grammar of these hieroglyphic inscrip- 
tions. Every line and shadow of a line, each faint wing 
attached to a strong band, and every variation in intensity of | 
the shadows and wings among themselves, now has a definite 
meaning which can be translated into the common symbolism of 
chemistry. 

In a mineral containing the rarer earths, those most widely 
separated in chemical properties are most easily obtained in a 
state of comparative purity by simple chemical means, For 
instance, in separating didymium from lanthanum, or samarium 
from yttrium, a few simple chemical reactions and a little 
waste will give these bodies in a state of purity ; but when it 
comes to splitting up yttrium into its components ordinary 
chemical separation is useless, and fractionation must be pushed 
to the utmost limit, many thousand operations and enormous 
waste of material being necessary to effect even a partial 
separation. 

Returning therefore, after this explanatory digression, to the 
idea of heavy and light atoms, we see how well this hypothesis 
accords with the new facts here brought to light. From every 
chemical point of view the stable molecular group, yttrium, 
behaves as an element. Excessive and systematic fractionation 
has acted the part of a chemical ‘‘ sorting Demon,” distributing 
the atoms of ytrrium into several groups, with certainly different 
phosphorescent spectra, and presumably different atomic weights, 
though all these groups behave alike from the usual chemical 
point of view. Here, then, is one of the elements the spectrum 
of which does not emanate equally from all its atoms, but some 
atoms furnish some, other atoms others, of the lines and bands 
of the compound spectrum of the element. And as this is the 
case with one element, it is probably so in a greater or less degree 
with all. Hence the atoms of this element differ probably in 
weight, certainly in the internal motions they undergo. 

Another important inference which may be drawn from the 
facts is, that the atoms of which yttrium consists, though differ- 
ing, do not differ continuously, but fer saltum. We have 
evidence of this in the fact that the spectroscopic bands charac- 
teristic of each group are distinct from those of the other groups, 
and do not pass gradually into them. We must accordingly 
expect, in the present state of science, that this is probably the 

case with the other elements. And the atoms of a chemical 
element being known to differ in one respect may differ in other 

| respects, and presumably do somewhat differ in mass. 
Restricted by limited time and means, even a partial separa- 

tion of these atomic groupings is possible to me only with 
enormous difficulty. Have we any evidence that Nature has. 
effected such a separation? The following facts, I think, 
supply this evidence. 

The earth yttria occurs in several minerals, all extremely rare. 
These minerals are of very diverse chemical composition, and 
occur in localities widely separated geographically. Does the 
pure yttria (we in respect to every other known element) from 
these different sources behave differently to the radiant-matter 
test? To the chemist hitherto the earth yttria has been the 
sane thing, and has possessed the same properties whatever its 
source ; but armed with this new power of seeing into the atomic 
groupings which go to make up yttrium, we find evidence of 
differentiation between one yttrium and another. 

Thus when the samarskite yttrium was formed, all the con- 
stituent atoms—deep red, red, orange, citron, greenish blue, and 
blue 1—condensed together in fair proportion, the deep red being 
faintest. In gadolinite yttrium the citron and greenish blue 
constituents are plentiful, the red is very deficient, the orange is 
absent, and the others occur in moderate quantities. In the 
yttrium from xenotime the citron is most plentiful, the greenish 
blue occurs in smaller proportion, the red is all but absent, and 
the orange is quite absent. Yttrium from monazite contains the 
greenish blue and citron, with a fair proportion of the other 
constituents ; the greenish blue is plentiful, and the red is good. 
Yttrium from fluocerite is very similar to that from monazite, but 
the blue is weaker. Yttrium from hielmite is very rich in citron, 
has a fair quantity of blue and greenish blue, less of red, no 
orange, and only a very faint trace of deep red. Yttria from 
euxenite is almost identical with that from hielmite. 

This is unlikely to be an isolated case. The principle is very 
probably of general application to all the elements. In some, 

| possibly in all elements, the whole spectrum does not emanate 
from all its atoms, but different spectral rays may come from 
different atoms, and in the spectrum as we see it all these partial 
spectra are present together. This being interpreted means that 
there are definite differences in the internal motions which go on 
in the several groups of which the atoms of a chemical element 
consist. For example, we must now be prepared for some such 
events as that the seven series of bands in the absorption-spec- 
trum of iodine may prove not all to emanate from every molecule, 
but that some of these molecules emit some of these series, others 
others, and in the jumble of all these kinds of molecules, to 
which is given the name ‘‘iodine vapour,” the whole seven 
series are contributors. 

To me it appears the theory I have here ventured to formulate, 
taken in conjunction with the diagram in Fig. 1, may aid the 
scientific imagination to proceed a step or two further in the 
order of elemental evolution. In the undulating curve may be 
seen the action of two forces, one acting in the direction of the 
vertical line, and the other pulsating backwards and forwards 
like a pendulum. Assume the vertical line to represent tempera- 
ture slowly sinking through an unknown number of degrees, 
from the dissociation point of the first-formed element down to 
the dissociation point of those last shown on the scale. But 
what form of energy is represented by the oscillating line? 
Swinging to and fro like a mighty pendulum to points equi- 
distant from a neutral centre ; the divergence from neutrality 
conferring atomicity of one, two, three, and four degrees as the — 
distance from the centre is one, two, three, or four divisions ; 
and the approach to, or retreat from, the neutral line deciding 
the electro-negative or electro-positive character of the element 
—all on the retreating half of the swing being positive and all 
on the approaching half negative—this oscillating force must be 
intimately connected with the imponderable matter, essence, or 
source of energy we call electricity. 

Let us examine this a little more closely. Let us start at the 
moment when the-first element came into existence. Before this 
time matter, as we know it, was not. It is equally impossible 
to conceive of matter without energy, as of energy without 
matter ; from one point of view the two are convertible terms. 
Before the birth of atoms all those forms of energy which 
become evident when matter acts upon matter, could not have 

| existed—they were locked up in the froty/e as latent potentialities 

x For brevity I call them by their domiaant spectrum band, 
1 
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only. Coincident with the creation of atoms all those attributes 
and properties which form the means of discriminating one 
chemical element from another start into existence fully endowed 
with energy. 

The pendulum begins its swing from the electro-positive side ; 
- lithium, next to hydrogen in simplicity of atomic weight, is now 

formed ; then glucinum, boron, and carbon. Definite quantities 
of electricity are bestowed on each element at the moment of 
birth, on these quantities its atomicity depends,! and the types 
of monatomic, diatomic, triatomic, and tetratomic elements are 
fixed. The electro-negative part of the swing now commences ; 
nitrogen appears, and notice how curiously position governs the 
mean dominant atomicity. Nitrogen occupies the position below 
boron, a triatomic element, therefore nitrogen is triatomic. But 
nitrogen also follows carbon, a tetratomic body, and occupies 
the fifth position counting from the place of origin ; how beauti- 
fully these opposing tendencies are harmonised by the endow- 
ment of nitrogen with at least a double atomicity, and making 
its atom capable of acting as tri- and pentatomic. With oxygen 
(di- and hexatomic) and fluorine (mon- and heptatomic) the same 
law holds, and one half-oscillation of the pendulum is completed. 
Again passing the neutral line the electro-positive elements, 
sodium (monatomic), magnesium (diatomic), aluminium (tri- 
atomic), and silicon (tetratomic) are successively formed, and 
the first complete oscillation of the pendulum is finished by the 
birth of the electro-negative elements phosphorus, sulphur, and 
chlorine ; these three—like the corresponding elements formed 
on the opposite homeward swing—having each at least a double 
atomicity depending on position. 

Let us pause at the end of the first complete vibration and 
examine the result. We have already formed the elements of 
water, ammonia, carbonic acid; the atmosphere, plant and 
animal life, phosphorus for the brain, salt for the sea, clay for the 
solid earth, two alkalies, an alkaline earth, an earth, together with 
their carbonates, borates, nitrates, fluorides, chlorides, sulphates, 
phosphates, and silicates, sufficient for a world and inhabitants 
not so very different from what we enjoy at the present day. 
True the human inhabitants would have to live in astate of more 
than Arcadian simplicity, and the absence of calcic phosphate 
would be awkward as far as bone is concerned. But what a 
happy world it would be! No silver or gold coinage, no iron 

_ for machinery, no platinum for chemists, no copper wire for 
telegraphy, no zine for batteries, no mercury for pumps, and, 
alas! no rare earths to be separated. 

The pendulum does not, however, stop at the end of the first 
complete vibration ; it crosses the neutral point, and now the 
forces at work are in the same position as they were at the be- 
ginning. Had everything been as it was at first the next ele- 
-ment again would have been lithium, and the original cycle 
would have recurred, repeating for ever the same elements. 
But the conditions are not quite the same ; the form of energy 
represented by the vertical line has declined a little—the tem- 
perature has sunk—and not lithium, but the one next allied to it 
in the series comes into existence—potassium, which may be 
regarded as the lineal descendant of lithium, with the same 
hereditary tendencies, but with less molecular mobility and 
higher atomic weight. 

Pass we rapidly along the to-and-fro curve, and in nearly 
every case the same law is seen to hold good. The last element 
_of the first complete vibration is chlorine. In the corresponding 
place in the second vibration we do not have an exact repetition 
of chlorine, but the very similar body bromine ; and when for a 
third time the position recurs we see iodine. I need not 
multiply examples. 
In this far-reaching evolutionary scheme it could not come to 
pass that the potential elements would all be equal to one 
another. Some would be unable to resist the slightest disturb- 
ance of the unstable equilibrium in which they took their rise ; 
others would endure longer, but would ultimately break down 
as temperature and pressure varied. Many degrees of stability 

* “Nature presents us with a single definite quantity of electricity. . . . 
For each chemical bond which is ruptured within an electrolyte a certain 

quantity of electricity traverses the electrolyte, which is the same in all 
cases.” —G,. JOHNSTONE STonery, ‘‘On the Physical Units of Nature,’’ 
British Association Meeting, 1874, Section A. P/i/. Mag., May 1881. 

“The same definite quantity of either positive or negative electricity 
moves always with each univalent ion, or with every unit of affinity of a 
multivalent ion.”—HELMHOLTZ, Faraday Lecture, 188r. 

“Every monad atom has associated with it a certain definite quantity of 
electricity ; every dyad has twice this quantity associated with it; every 
triad three times as much, and so on.’”’—O. Loncr, ‘On Electrolysis,” 
a British Association Report,” 1885. 
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would be here represented ; not all the chemical elements are 
equally stable, and if we look with scrutinising eyes we shall 
still see our old friend the missing link, coarse enough to be 
detected by ordinary chemical processes, associated in the groups 
containing such elements as iron, nickel, and cobalt ; palladium, 
ruthenium, and rhodium; iridium, osmium, and_ platinum. 
Whilst in their more subtile form these missing links present 
themselves as representatives of the differences which I have 
detected and described between the atoms of the same chemical 
element. 

Dr. Carnelley has pointed out that ‘‘ those elements belonging 
to the even series of Mendeléeff’s classification are always para- 
magnetic, whereas the elements belonging to the odd series are 
always diamagnetic.” On this curve the even series to the left, 
as far as can be ascertained, are paramagnetic, and, with a few 
exceptions, all to the right are diamagnetic. The very powerful 
magnetic metals, iron, nickel, cobalt, and manganese, occur 
close together on the proper side. The interperiocic groups, of 
which palladium and platinum are examples, are said to be 
feebly magnetic, and, if so, they form the exceptions. Oxygen, 
which weight for weight is more magnetic than iron, comes near 
the beginning of the curve, while the powerfully diamagnetic 
metals, bismuth and thallium, are at the opposite end of the 
curve. 

On the odd, or diamagnetic, half of the swing the energy 
appears to have considerable regularity, whilst it is very irregular 
on the opposite side of the curve. Thus, between the extreme 
odd elements, silicon (28), germanium (73), tin (118), the miss- 
ing element (163), and lead (208), there is a difference of exactly 
45 units, conferring remarkable symmetry on one half of the 
curve. The differences on the even side are 36, 42, 51, 39, and 
53 (giving the missing element between cerium and thorium an 
atomic weight of 180) ; these at first sight appear conformable 
to no law, but they become of great interest when it is seen that 
the mean difference of these figures is almost exactly the same 
as that on the other side of the curve—viz. 44°2. 

This uniformity of difference—actual on the one side and 
average on the other—brings out the important inference that, 
whilst on the odd side there has been little or no variation in 
the vertical force, minor irregularities have been the rule on the 
even side. That is to say, the fall of temperature has been very 
uniform on the odd side—where every element formed during 
this half of the vibration is the representative of a strongly- 
marked group—sodium, magnesium, aluminium, silicium, phos- 
phorus, sulphur, and chlorine; whilst on the even side of the 
swing the temperature has sunk with considerable fluctuations, 
which have prevented the formation here of any well-marked 
groups of elements, with the exception of those of which lithium 
and glucinum are the types. 

If we can thus trace irregularities in the fall of temperature, 
can we also detect any variation in the force represented by 
the pendulous movement? I have assumed that this represents 
chemical energy. In the early-formed elements we have those 
in which chemical energy is at its maximum intensity, while, as 
we descend, affinities for oxygen are getting less and the 
chemism is becoming more and more sluggish. Part may be 
due to the lower temperature of generation not permitting such 
molecular mobility in the elements, but there can be little doubt 
that the chemism-forming energy, like the fires of the cosmical 
furnace, is itself dying out. 1 have endeavoured to represent 
this gradual fading out by a diminution of amplitude, the curve 
being traced from a photographic record of the diminution of 
the arc of vibration of a body swinging in a resisting medium. 
When we look on a curve of this kind there is a tendency to 

ask, What is there above and below that portion which is seen ? 
At the lower end of our curve what is there to be noted? We 
see a great hiatus between barium (137) and iridium (192°5), 
which it seems likely will be filled up by the so-called rare ele- 
ments, Judging from my own researches, it is probable that 
many of these earthy elements will be found included in one or 
more interperiodic groups, whilst the higher members of the 
calcium, the potassium, the chlorine, and the sulphur groups, 
together with the elements between silver and gold, cadmium 
and mercury, indium and thallium, antimony and bismuth, are 
still waiting to be discovered. We now come to an oasis in the 
desert of blanks. Platinum, gold, mercury, thallium, lead, and 
bismuth, all familiar friends, form a close little group by them- 
selves, and then after another desert space the list is closed with 
thorium (233) and uranium (240). 

This oasis, and the blanks which precede and follow it, may 
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be referred with much probability to the particular way in which 
our earth developed into a member of our solar system. [f this 
be so it may be that on our earth only these blanks occur, and 
uot generally throughout the universe. 

\What comes after uranium? I should consider that there is 
little prospect of the existence of an element much lower than 
this. Look at the vertical line of temperature slowly sinking 
from the upper to the lower part of the curve ; the figures repre- 
senting the scale of atomic weights may be also supposed to 
represent, inversely, the scale of a gigantic pyrometer dipping 
into the cauldron where suns and worlds are in process of forma- 
tion. Our thermometer shows us that the heat has been sinking 
gradually, and, fari passu, the elements formed have increased 
in density and atomic weight. This cannot go on for an in- 
definite extent. Below the uranium point the temperature may 
be so reduced that some of the earlier formed elements which 
have the strongest affinities are able to enter into combination 
among themselves, and the result of the next fall in temperature 
will then be—instead of elements lower in the scale than uranium 
—the combination of oxygen with hydrogen, and the formation 
of those known compounds the dissociation of which is not beyond 
the powers of our terrestrial sources of heat. 

Let us now turn to the upper portion of the scheme. With 
hydrogen of atomic weight = 1, there is little room for other 
elements, save perhaps for hypothetical helium. But what if we 
get “through the looking-glass,” and cross the zero-line in search 
of new principles-—-what shall we find the other side of zero ? 
Dr. Carnelley asks for an element of negative atomic weight ; 
here is ample room and verge enough for a shadow series of such 
unsubstantialities. Helmholtz says that electricity is probably 
as atomic as matter :! is electricity one of the negative elements, 
and the luminiferous ether another? Matter, as we now know 
it, does not here exist; the forms of energy which are apparent 
in the motions of matter are as yet only latent possibilities. A 
substance of negative weight is not inconceivable. But can we 
form a clear conception of a body which combines with other 
bodies in proportions expressible by negative quantities ? 

A genesis of the elements such as is here sketched out would 
not be confined to our little solar system, but would probably 
follow the same general sequence of events in every centre of 
energy now visible as a star. 

Before the birth of atoms to gravitate towards one another, 
no pressure could be exercised ; but at the outskirts of the fire- 
mist sphere, within which all is fyo¢y/e—at the shell on which 
the tremendous forces involved in the birth of a chemical element 
exert full sway—the fierce heat would be accompanied by gravi- 
tation sufficient to keep the newly-born elements from flying off 
into space. As temperature increases expansion and molecular 
motion increase, m>lecules tend to fly asunder, and their chemi- 
cal affinities become deadened ; but the enormous pressure of 
the gravitation of the mass of atomic matter outside what I 
may for brevity call the birth-shell would counteract this action 
of heat. 

Beyond this birth-shell would be a space in which no chemical 
action could take place, owing to the temperature there being 
above what is called the dissociation point for compounds, In 
this space the lion and the lamb would lie down together ; phos- 
phorus and oxygen would mix without union; hydrogen and 
chlorine would show no tendency to closer bonds ; and even 
fluorine, that energetic gas which chemists have only isolated 
within the last month or two, would float about free and 
uncombined. 

Outside this space of free atomic matter would be another 
shell, in which the formed chemical elements would have cooled 
down to the combination-point, and the sequence of events so 
graphically described by Mr. Mattieu Williams in ‘* The Fuel of 
the Sun” would now take place, culminating in the solid earth 
and the commencement of geological time. 

And now I must draw to a close, having exhausted not indeed 
my subject, but the time I may reasonably occupy. We have 
glanced at the difficulty of defining an element ; we have noticed 

* “Tf we accept the hypothesis that the elementary substances are com- 
posed of atoms, we cannot avoid concluding that electricity also, positive as 
well as negative, is divided into definite elementary portions, which behave 
like atoms of electricity.".—HrtMHoLTz, Faraday Lecture, 1881. 

2 “] can easily conceive that there are plenty of bodies about us not 
subject to this intermutual action, and therefore not subject to the law 
of gravitation.”’—Sir GreorGE Arry, “ Faraday’s Life and Letters,” vol. ii. 
D. 254+ 

too the revolt of many leading physicists and chemists against 
the ordinary acceptation of the term element. We have weighed 
the improbability of their eternal self-existence, or their origina- 
tion by chance. Asa remaining alternative we have suggested 
their origin by a process of evolution like that of the heavenly 
bodies according to Laplace, and the plants and animals of our 
globe according to Lamarck, Darwin, and Wallace. In the 
general array of the elements, as known to us, we have 
seen a striking approximation to that of the organic world. 
In lack of direct evidence of the decomposition of any 
element, we have sought and found indirect evidence. 
have taken into consideration the light thrown on this sub- 
ject by Prout’s law, and by the researches of Mr. Lockyer in 
solar spectroscopy. We have reviewed the very important 
evidence drawn from the distribution and collocation of the 
elements in the crust of our earth. We have studied Dr. 
Carnelley’s weighty argument in favour of the compound nature 
of the so-called elements from their analogy to the compound 
radicals, We have next glanced at the view of the genesis of 
the elements ; and, lastly, we have reviewed a scheme of their 
origin suggested by Prof. Reynolds’s method of illustrating the 
periodic classification. 

Summing up all the above considerations we cannot, indeed, 
venture to assert positively that our so-called elements have been 
evolved from one primordial matter ; but we may contend that 
the balance of evidence, I think, fairly weighs in favour of this 
speculation. 

This, then, is the intricate question which I have striven to 
unfold before you, a question that I especially commend to the 
young generation of chemists, not only as the most interesting, 
but the most profoundly important, in the entire compass of our 
science. 

I say deliberately and advisedly the most interesting. ‘The 
doctrine of evolution, as you well know, has thrown a new light 
upon and given a new impetus to every department of biology, 
leading us, may we not hope, to anticipate a corresponding 
wakening light in the domain of chemistry ? 

I would ask investigators not necessarily either to accept or to 
reject the hypothesis of chemical evolution, but to treat it as a 
provisional hypothesis ; to keep it in view in their researches, 
to inquire how far it lends itself to the interpretation of the 
phenomena observed, and to test experimentally every line of 
thought which points in this direction. Of the difficulties of this 
investigation none can be more fully aware than myself. I sin- 
cerely hope that this my imperfect attempt may lead some minds 
to enter upon the study of this fundamental chemical question, 
and to examine closely and in detail what I, as if amidst the 
clouds and mists of a far distance, have striven to point out. 

NOTES 

A ReEUTER’s telegram dated Grenada, August 29, states that 

during the solar eclipse of that morning good photometric obser- 

vations were made by Prof. Thorpe. The light during the 

middle of totality was less than from the full moon. We 

learn from later telegrams dated Grenada, August 31, that the 
eclipse of the sun has been well observed by the British Astro- 
nomical Expedition, and that in the observations taken it was 
noticed that the corona extended nearly two diameters from the 
sun, and exhibited a feathery structure at the poles. Good 
photographs have been obtained of the coronal spectrum in the 
blue end. The spectrum was similar to that of the eclipse of 
1883, observed on the Caroline Islands. 

THE celebrations connected with the Chevreul centenary took 
place in Paris on Tuesday last. The first demonstration was 
that of the National Society of Agriculture, to which M. 
Chevreul was elected member forty-six years ago, and of which 

he is elected President every alternate year. A commemoration 
medal was struck by the same Society. At three o'clock 
M. Chevreul received the congratulations of the members of the 

Academy of Sciences. The principal ceremony of the day was 
the unveiling of the statue of M. Chevreul in the hall of the new 
Museum at the Jardin des Plantes. The walls of the room, 
which are of vast dimensions, were hung with red velvet, and 

[ Sept. 2, 1886 

We 

sent 



Sept. 2, 1886] NATURE 433 

decorated with Gobelins tapestry and flowers. Spaces were 

reserved for Senators, Deputies, members of the Diplomatic 

Corps, and other distinguished persons, M. Goblet, Minister 
of Public Instruction, sat on M. Chevreul’s right, and M. 
Floquet on his left. M. Frémy, the Director of the Museum, 

addressing M. Chevreul, said that the professors of the Museum, 
anticipating the future, had presented to him this statue. He 

then referred to the work of M. Chevreul in various branches of 

science, mainly in chemistry, and the results of his discoveries 

in industry. M. Zeller, President of the five Academies, M. 

Brock, representing the three Academies of Science of Scandi- 
nayian countries, M. Boscha, delegate of the Agricultural Society 

of Moscow, and the Italian Ambassador, also offered their con- 

gratulations to the venerable szvan/. The last speaker was 
the Minister of Public Instruction, who spoke, on behalf of the 

State, of the many ties which connected the great professor and 

chemist with the Ministry of Public Instruction. ‘*The century 
which precedes our time,” said M. Goblet, ‘‘ belonged above all 

to science. What gave it i's true character was the recent rise 

of scientific research, pursuing in the study of Nature the means 
of extending the domain of human power. Amongst the various 

branches of science, that to which M. Chevreul devoted him- 

self—chemistry—is certainly one of the most fruitful, and one 
of those which owes most to French genius. Thanks to great 
French chemists and to M. Chevreul, France marches in the 

foremost rank of the nations which modern science guides.” A 
banquet was given in the evening at the Hotel de Ville. Several 

Ministers of State were present. The toast of M. Chevreul’s 

health was proposed by M. Floquet, and supported by the 
Minister of Public Instruction. The festival which followed 
was very brilliant, ending with a torchlight procession, in which 
two squadrons of cuirassiers and a considerable body of infantry 
with several bands took part. Various Societies, all the mem 

bers carrying Chinese lanterns, also joined the procession, which 
marched from the Hotel de Ville through the principal streets 
and boulevards to the Place de la République. The streets 
through which the procession passed were thronged with dense 

masses of spectators. 

ON the 28th ult. His Excellency Tcheou Meou-Ki, Director of 

the Chinese Mission of Public Instruction, paid a visit, with the 

mandarins attached to his person, to M. Chevreul at his house. 
He handed to the illustrious chemist a Chinese document ex- 
pressing in old characters every wish for his happiness and long 
life. It appears that there is living at this moment in China a 
Chinese savant who at the age of 100 years has just passed his 

examinations and been admitted a member of the highest 

academy of the mandarins. The interpreter explained to M. 

Chevreul that his Chinese visitors considered the fact that two 
savants a hundred years of age were living, one in France and 
the other in China, was a link connecting the learning of the 

two countries. When the Chinese Mission had retired, M. 

Chevreul received a deputation of the inhabitants of the Rue 
Chevreul, who presented him with a bouquet. 

THE last number of Za Mature contains a biographical 
sketch, with several portraits, of M. Chevreul, from which 

it appears that he was born at Angers on August 31, 

1786, his father being a physician and surgeon. It is 

noticeable that the father reached the age of ninety-one, 
and the mother died aged ninety-three. M. Chevreul as 

-a lad witnessed some of the scenes of the conflict in La 

I Vendée, and he saw the guillotine at work in Angers. The 
old University of the town having been swept away by the Revo- 

lution, he received his early education at the Central School 

of the place. He left this at the age of seventeen, and 
wned towards Paris, which was at that time peculiarly 

fortunate in possessing as teachers and professors eminent men 

in every branch of science. Fourcroy, the Professor of Ch2- 
mistry at the College of France, was engaged in improving 
higher education, and left the work of his Chair largely to his 

demonstrator, Vauquelin, of whom Dumas said that he was 
wholly a chemist, a chemist every day of his life, and during the 
whole of each day. Chevreul entered under this teacher, and 
soon distinguished himself so much that he was allowed to take 

charge of the laboratory when twenty years of age. At the 
same time he taught at the Collége Charlemagne; four years 

later he was appointed Demonstrator to the Museum, and at thirty 

was appointed special Professor of Chemistry in charge of the 

dyeing department at the Gobelins. One of his earliest dis- 
coveries was that of margarine, oleine, and stearine in oils and 
fats. The last of these furnishes stearic acid, and thus an important 

industry like that in stearic candles was founded. His studies 

in fatty bodies, and his theory of saponification (1823) have not 

only created new industries, but they opened immense horizons 

in organic chemistry. Between 1828 and 1864 he studied 
colours, and from time to time published memoirs on 

the progress of his work. In 1826 he took his seat 

in the Academy of Sciences, and in 1830 he was ap- 
pointed Director of the Museum of Natural History. His 

life now is spent between this institution, the Gobelins, and the 

Institute of France. He never fails to attend the Monday 
meetings of the Academy of Sciences. The number of his 

papers, memoirs, &c., is very great. Amongst them is one 

written in 1832, on the divining-rod, and another in 1853, in 
which he dissipated the mystery surrounding table-turning and 
similar manifestations. M. Chevreul remained in Paris during 

the siege of 1870-71, working steadily in his laboratory. It 
was soon after this that an expression in a letter he wrote to a 

friend led to the honourable title of ‘‘Doyen des étudiants de 

France” being affixed to his name. Although he possesses a 
large fortune, he still carries on his work at the institutions with 

which he is connected, and prosecutes his experiments with a 
juvenile lightness of touch. He is exceedingly temperate, 

drinking nothing but water or beer, but his longevity is not due 
to this; he owes it to a robust constitution and to a life wisely 

ordered, regular, and laborious. “‘ It is,” concludes M. Tissan- 

dier, ‘‘a great and beautiful sight presented by this centenarian, 
who, like an old oak, shelters under his shadow successive 

generations. Deaf to the sounds of this world, he has chosen 

to work alone in his laboratory, where his ever-wakeful intelli- 

gence is unceasingly attracted to the rays of eternal truth.” 

IN reply to a question from Sir John Lubbock, Mr. Ritchie, 
the President of the Local Government Board, stated last week 

that considerable progress had been made by the Committee 

appointed last session to inquire and report on the subject of M. 

Pasteur’s researches with reference to the prevention of hydro- 
phobia. A sub-Committee visited Paris and had several long 
interviews with M. Pa-teur, who explained to the members most 
fully and unreservedly the whole details of his treatment. The 
Committee examined a large number of the persons who had 

undergone treatment, and so far as this investigation is con- 

cerned, the Committee were fully satisfied that M. Pasteur’s 

treatment had been effective. They hope before long to be in 
a position to report the results of their investigation to the Local 
Government Board, but before doing so they are anxious that 

time should be allowed for the Committee to ascertain that ex- 

periments on animals conducted on behalf of the Committee 

have yielded the same results as those detailed and demonstrated 

to them by M. Pasteur. 

WE regret to announce the death of Dr. James G. Wakley, 
editor of the Zavcet, at his residence, Heathlands Park, Long- 

cross, near Chertsey, on August 30. He was the youngest son 
of the late Thomas Wakley, founder of the Zazcet, Member of 
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Parliament for Finsbury, and coroner for Middlesex. He 

became a member of the Royal College of Surgeons of England 
in 1849, and graduated Doctor of Medicine at King’s College, 

Aberdeen, in 1852. At his father’s death in 1862 he became 
editor of the Lancet, the duties of which position he discharged 
for nearly twenty-five years, continuing, in spite of much recent 
suffering, active in his work up to last Easter. 

THE death is announced from Paris of M. Laguerre, Professor 

-of Mathematical Physics in the College of France, and a dis- 
tinguished mathematician, at the age of fifty-two. In his earlier 
years he was an officer in the artillery. He wrote and published 
in the Proceedings of various learned Societies numerous mathe- 

matical papers, but he never published a volume. 

THE annual Pharmaceutical Congress commenced its sittings 
at the Mason College, Birmingham, on the 3Ist ult., under the 

presidency of Mr. Greenish, of London, 

ON Friday, August 27, about midnight, an earthquake was 

felt all over the Levant, and as far to the west as Malta. At 

Alexandria the shock was felt fifteen minutes after midnight ; its 
apparent direction was from west to east ; at Athens a severe 

shock was felt about the same time. Its force was greatest and 
most destructive in Greece and the Ionian Islands. In the 

South-Western Peloponnesus, and particularly in the depart- 
ment of Messenia, towns and villages were destroyed. ‘Ihe 

towns of Filiatra and Gargaliano and Marathoupolis were laid 

in ruins, and Kyparassi and Choremi in Arcadia are similarly 
destroyed. The Eparch has, in consequence of the destruction 
of the houses, had to telegraph for tents for the people. Over 

120 persons were killed, and a large number injured. The 

Greek Government has despatched four war-vessels with neces- 
saries to relieve the inabitants. From Zante comes news that all 
the houses in Pyrgos have been destroyed. The shock was felt 

also in Zante, not a house having escaped damage, although no 

loss of life has occurred. Strong shocks were felt all over 

Greece. Some indications of the nature of the weather prior 
and subsequent to the shock are given by Reuter’s Correspondent 
at Zante. For some time past extraordinary atmospherical dis- 

turbances, excessive heat, dead calms, and unusually high tides 
occurred. At 25 minutes past Ir on Friday night, after a day 

of heavy and threatening weather, the whole of Zante was 

racked with a most violent, but steady and undulating, earth- 

quake lasting 15 seconds. The centre of the earthquake, 
the same correspondent says, was in the sea, 30 miles 

south-east of Zante, where it smashed the telegraph cable. 
After the shock the weather was threatening, indicating an 
approaching storm, and soon after a fearful storm burst 

over Corfu. Patras and the whole of the Ionian Islands 
suffered from the earthquake. The position of the centre of 
this shock is said to indicate some violent volcanic submarine 
agitation to the south of Zante. The weather after the earth- 

quake remained menacingly heavy, and it was expected that 
other shocks would follow. At 11 o’clock the same night a 
shock was felt at Naples. At Brindisi an upheaval movement 
of the earth, lasting two minutes, was felt, followed by an un- 

dulatory movement of about the same duration. There were 
also two successive prolonged shocks at Foggia, and two undu- 
latory movements at Caserta. At Taranto there were two very 

sharp shocks, one vertical, the other undulatory, causing great 

alarm to the inhabitants, who passed the night in the fields for 
safety. There was however no loss of life nor any serious 
damage at the places visited by the seismic disturbance. The 
Governor of Malta also telegraphs to the Colonial Office that a 
severe earthquake visited the island at 11 o’clock the previous 

night, causing much alarm, but no serious injury to buildings. 

No lives were lost. It appears that the correspondent in Alex- 

andria who states that the earthquake appeared to travel from 
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west to east is correct. The wave was first felt at Malta about 

11, a little later in Naples (very slight), and in various parts of 
Calabria, then about midnight in the Ionian Islands, then in 

Gree:e, and at fifteen minutes past midnight in Alexandria, 

THE Premier of New South Wales has laid before Parliament 
the proposals of his Government for the celebration of the 

centenary of that colony in 1888. Amongst others, the New 
South Wales Government propose inviting the members of the 
British Association to hold their annual meeting for that year in 

Sydney, and the Premier stated that he had already communi- 

cated with the Association on the importance of the visit. Great 
stress was laid on the fact that the invitations would be extended 
to all British Universities, literary, scientific, and art Societies. 

We have received parts 1 and 2 of vol. ix. of the 77ansac- 

tions of the Seismological Society of Japan. Prof. Knott dis- 
cusses the well-worn subject of earthquake frequency, but in a 

wholly new and original way. His object is to determine the 
effect of the various causes which are said to influence earth- 
quakes, and his conclusion is that the annual periodicity in 
_earthquake frequency, when it does exist, finds a possible ex- 
planation in the annual periodicity of two well-known meteoro- 
logical phenomena—namely, snow accumulations over conti- 

nental areas and barometric gradients. No other cause, he says, 

that can be imagined or named fulfils all the conditions. Mr. 
Shida describes an automatic current recorder of his own invention. 

The resolution of the International Electric Congress held in Paris 

in 1884, that observations of earth-currents should be pursued in 
all countries was communicated to various Governments, to that of 

Japan amongst the number. Mr. Shida is Chief Engineer to the 
Japanese Telegraph Department, and it devolved on him to take 
the subject up. To this fact, doubtless, we also owe the third 

paper, which is by the same gentleman, on earth-currents. He 

describes briefly the work that has been done in the subject in 
the past, what is being done, and what might be done in Japan. 

From an examination of the magnetic observations made at the 

Meteorological Department of Tokio it appears that the declina- 

tion variations are not the effect of earth-currents, for, if this were 

so, then an increase of the western declination ought to correspond 
to a decrease of earth-current flowing from north tosouth, notan in- 

crease, as has been found byactual observation. The results show 
that both magnetic and earth-current variations are regulated by 

the same cause or causes, and that the sun plays an important part 
in producing the effects which are observed. The fact, however, 

that there appear to betwo maxima and two minima in these varia- 
tions tends to show that they are in part due to the action of the 

moon, The study of earth-currents, says Mr. Shida, has not ad- 

vanced pari fassu with other branches of seismological science, and 
he desires to establish a system of observation of the currents, and 
to devise and improve methods of observing. |The second part 

of the Zyansactions contains an elaborate and exhaustive paper (it 

fills nearly 200 printed octavo pages), by Prof. Milne, on the 

volcanoes of Japan. It represents the labour and collections of 

about ten years, and is deserving of special detailed notice. 
We are glad to observe, from a notice sent with the numbers, 
that the Japanese Zvansactions of the Society (ze. those written 
or translated into Japanese) have now reached their third 

volume. ‘Taken all in all, this Society is by far the most active 
and thriving of all the learned Societies of the Far East, and 
we have little doubt that it owes a great part of its vitality to 
the fact that Japanese men of science are pursuing the work 
inaugurated by Prof, Milne with the enterprise and ardour of 

their race. 

PRINCE PUTIATIN has presented to the Russian Archzological 
Society a stone slab which was recently found in the course of 
some excavations at the Bologne station on the St. Petersburg 
and Moscow Railway, along with some stone weapons and 
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utensils. A representation of the constellation of the Great 
Bear was, although rudely, carefully drawn on the slab. It 
may be remembered that some years ago a similar slab was found 
near Weimar. 

THE additions to the Zoological Society’s Gardens during the 
past week include a White-fronted Capuchin (Cebus adbifrons) 

from Central America, presented by Mr. H. A. Blake ; a Missis- 

sippi Alligator (Ad/igator mississippiensis) from Florida, pre- 
sented by Miss Janet D. White; a Common Gannet (Sz/a 

bassana), British, presented by Mr. F. E. Hatfield; two 

Dominican Kestrels (Z7iznunculus dominicensis), two Green 

Bitterns (Bictorides virescens), from West India, presented by 

Dr. A. Boon, F.R.C.S.; a Raven (Corzus corax), British, pre- 

sented by Mr. Robert Galland ; a Ring-tailed Coati (asua 

rufa), 2 Globose Curassow (Crax globicera), from Central 

America, a Clouded Iguana (Cyclura casinata), from Cuba, 

deposited ; a Black-necked Swan (Cygnus nigricollis 2) from 

Chili, purchased; a Leopard (Fe/is pardus), born in the 

Gardens. 

OUR ASTRONOMICAL COLUMN 

Nores ON VAKIABLE STARS.—Mr. T. E. Espin, Observer to 
the Liverpool Astronomical Society, announces in the Society’s 
Circular, No. 6, that the star D.M. + 8°°3780, stated in Crveular 
No. 2 (NATURE, vol. xxxiv. p. I10) to be probably variable, 
passed its maximum about June 4, at which time its magnitude 
was 6°8. Since this date it has diminished in brightness, and 
on August 20 it was only 82. The star would seem to be a 
long-period variable. Its place for 1885 is R.A. 18h. 32m. 51s., 
Decl. + 8° 43'°5. Mr. Espin also states that he has detected 
variation in the red star D.M. + 47°°3031, which passed a 
minimum about the end of April. On May 14 it was only 8:9, 
since which it has increased, and is now 7°7. ‘This star also 
is along-period variable. Its place for 1885 is R.A. 20h. 5m. 58s., 
Decl. + 47° 289. It precedes 32 Cygni by 5m. 57s., and is 9’ 
north of it. 

Circular No. 7 states that—(1) The observations of 10 
Sagittee on sixty nights since 1885 November 28 give: Period 
= 8-32134d., Epoch of Max. 1886 July 17°56d. A mini- 
mum occurs on 1886 September 1°6d., and a maximum on 1886 
September 55d. (2) The star D.M. + 17°°3940 was observed 
as 9°5 on April 26 last. From this date it increased, and on 
June 13 it was 8-3. Latterly it has diminished, and on August 
20 it was 8°7. Vogel gives the spectrum as IIId. ! Duner as 
IlIa.!! The star’s place for 1885 is R.A. 19h. 16m. 33s., 
Decl. + 17° 26'°4. 

WINNECKE’S ComET.—From the Duy Echt Circular, No. 
124, we learn that this periodical comet has been found at Cape 
Town. It is described as circular, less than 1’ in diameter, as 
bright as a star of the roth magnitude, and as having some 
central condensation but no tail. Its observed place was 
Greenwich M.T. Aug. 20, 5h. 47m.54s., R.A. 13h. Iom. 21°5s., 
Decl. 1° 8 17” S. The daily motion, according to Lamp’s 
ephemerides (Astronomische Nachrichten, No 2731) is about 
plus 3°3m. and 32! south. 

THE OBSERVATORY OF YALE COLLEGE.—The report of the 

work done at this Observatory during the year ending June I, 

1886, has recently been issued. The chief astronomical work 
is that done with the heliometer in charge of Dr. W. L. Elkin. 
With this instrument considerable progress has been made with 
the triangulation of the Pleiades, completing the series obtained 
in the previous year. All the stars have now been observed on 
from ten to twelve nights, and a total of over 1600 measures of 
distance and 700 of position-angle are available for discussion. 
The principal observing work accomplished by Dr. Elkin, has, 
however, been in connection with the scheme for determining 
the average parallax of the first-magnitude stars as a step 
towards the more comprehensive plan proposed by Gill and 
Elkin in concert. It is proposed at present to take the ten 
brightest stars in the northern hemisphere and observe them 
each from sixteen to twenty times at epochs of maximum paral- 
lactic displacement, using a favourably situated pair of com- 
parison stars—in some cases a double pair, or four stars. 

Arcturus, with its large proper motion, presents an object of | gaseous combinations. 

especial interest, and it has been taken up in a more exhaustive 
manner with six pairs of comparison stars, five of which have 
been successfully followed up so far. The whole work is pro- 
gressing satisfactorily, over 200 sets of measures having been 
made, and is rather more than half completed, the working plan 
extending until February 1887. Astronomers will await with 
interest the completion and publication of Dr. Elkin’s important 
researches. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 SEPTEMBER 5-11 

( OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 
At Greenwich on September 5 

Sun rises, 5h. 21m. ; souths, rth. 58m. 34°8s. ; sets, 18h. 36m. ; 
decl. on meridian, 6° 45’ N.: Sidereal Time at Sunset, 
17h. 35m. : 

Moon (at First Quarter) rises, 13h. 38m.; souths, 18h. 11m. ; 
sets, 22h. 41m. ; decl. on meridian, 17° 44’ S. 

Planet Rises Souths Sets Decl. on meridian 
E nit h. m. h. m. ey. 

Mercury Sy S35" aye UO) Gig} 18 8 13 44N. 
Venus ... BS eee LONsgAe 5 188 10 15 33 N. 
Mars = EO} AA eeo al 5 20m eee 20) 102) 15 15 S. 
Jupiter... 7 AO eT SES Tian LOEZS 2 34S. 
Saturn .. Oy eo. ES 7). the MOTTE ato 8, PAINT 

Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 

Sept. Star Mag. _Disap Reape qe eene i: 
inverted image 

h. m. h, m. D ° 

Wee.. B. ALG. 65360) ---1 OF 21 43 22 33 65 353 
Tow... B.A.C. 7487, &. 6k 20 II 20) 12 en L29ReR4: 

Sept h. 
7 5 Mercury at least distance from the Sun. 

Variable Stars 

Star R.A Decl. 
h m. GY h. m. 

U Cephei © 52°2... 81 16 N. ... Sept. 6, 20 6 7 
», II, 19 46 m 

Algol QeCr ccovid gy lacs gp Gh 2 Ow 
>> Ll, 22 40m 

¢ Geminorum GU e7edee- 2ONA4 Novem yy) Os OMe 
Oweibre <5 se. 145459 ie TS ea Bane 7h oS) BE 
U Ophiuchi... ... 17 10°8 MING ean i eae 

22 16 m 

T Herculis ... DeISUa Anois 2G OnNe rite ate M 

U Sagittarii... ... 18 25°2...19 12S. ... ,, A Oe) Owe 

R Scuti SOI Ci ces, Gi GONE ceo 55 Gs me 

B Lyre... rh} ASS) non Se) ENG es og | Ch OO) OL 

n Aquilz 19 46°7 0 43 N Se 0 O) Oe 
5 10; LO) (Or 7e 

R Delphini... ... 20 974 BviQuidee ses, Soa) Sve M 

T Aquarii Be FD. EHO) es SVS sto re Gh me 

S Pegasi . 23 14:8 SOLS econ evar ues M 

uM signifies maximum ; 7 minimum. 

Meteor Showers 

Meteors have been observed at this season from the following 

radiants :—Near o Eridani, R.A. 55°, Decl. 6° S.; from Camelo- 

pardus, R.A. 60°, Decl. 60° N. ; from near u Persei, R.A. 65°, 

Decl. 46° N. ; from near u Tauri, R.A. 65°, Decl. 6° N. ; and 

near a Pegasi, R.A. 345°, Decl. 13° N. 

SCIENTIFIC SERIALS 

Fournal de Physique, July.—Prof. Mascart, on magnetisa- 

tion. A study of the secondary effect produced by the reaction 

of the polar surfaces on the magnetising field. The author 

calculates also the influence of the earth’s magnetism in pro- 

ducing temporary alteration in the magnetisation of a needle 

during oscillation, an effect which he finds to have been often 

exaggerated, and not to exceed 1/1000 part of the whole mag- 

netisation.—P. Duhem, on the calorific capacity of dissociable 
Discussion and expansion of the formulze 
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of Willard Gibbs to explain the variations of specific heat of 
such bodies as nitric oxide and acetic acid. The results confirm 
the idea that such variations are due to the gradual dissociation 
of polymeric forms.—G. Lippmann, an “absolute spherical 
electrometer. Two hollow metal hemispheres, one fixed, the 
other held by a trifilar suspension, when similarly electrified, 
repel one another, with a force actually proportional to the 
square of the potential. The displacements are read optically. 
—MM. Bichat and Blondlot, on an absolute electrometer with 
continuous indication, This is an apparatus of three concentric 
cylinders, the innermost of which is suspended from a balance. 
The theory of it is already known.—P. Janet, on the formula of 
Van der Waals, and its application to capillary phenomena.— 
F. and W. Kohlrausch, the electro-chemical equivalent of silver 
(abstracted from Weéedemann’s Annalen). 

SOCIETIES AND ACADEMIES 

PARIS 

Academy of Sciences, August 23.—M. Fizeau in the 
chair.— Elliptical elements of Brooks’s Comet III. 1886, by Mr. 
J. R. Hind. The elliptical orbit, deduced from the observations 
made at Nice on May 25 and July 1, and at Algiers on June 3, 
is as under :— 

T = 1886 June 6°57145 Greenwich Mean Time 

229 45 58°0 wv .. 

QB... «- 53 3 .25°7 ¢ Mean Equinox 1886:0 
fee eee > ee 5Omr so: 
Cl ice ee) SY 7 SO 
log a 05329478 

(Pos 563” 0992 
Period 6*°301 

—On the measurement of very strong pressures and on the 
compressibility of fluids, by M. E. H. Amagat. For the mea- 
surement of very high pressures the author has adopted the 
principle of the manometer with differential pistons. In order 
to obtain accurate results, the condition had to be realised of 
maintaining the pistons in complete action while keeping them 
perfectly air-tight. The reading of the volumes of compressed 
fluid was effected by the process already indicated by Prof. Tait, 
of Edinburgh. Water and ether have been studied at zero and 
at the two respective temperatures of 20°and 4o° C. Respecting 
the variation with pressure, it is shown that the coefficient 
diminishes gradually with the increase of pressure, and this 
takes place throughout the whole scale of pressures, contrary to 
the opinion of some physicists. At 3000 atmospheres the 
volume of water was reduced one-tenth, and its coefficient of 
compressibility one-half. This coefficient between 2590 and 
2981 atm. was 0'0000238, and that of ether between 1623 and 
2002 atm. 07000045. The study of ether will be continued 
and pushed to 3000 atm., and in a future communication will 
be given the coefficients of compressibility and of dilatation for 
several other fluids up to 3000atm. A number of gases will 
then be examined with the same apparatus and within the same 
limits of pressure.—On the purple of the solar spectrum, by M. 
Camille Koechlin. The solar spectrum yields only two simple 
colours, blue and yellow. The third is blended with yellow 
and blue to constitute the reds on the one hand, the violet, 
on the other, purple being red deprived of yellow or violet 
deprived of blue, or simply the spectrum without yellow or blue. 
If on the red of one be projected the blue of another spectrums 
or on the violet of the first the yellow of the second, the result 
is purple. The red or the violet may again be restored 
by applying to the purple the yellow or blue of a third spectrum. 
And if these applications be made with reversed prisms, so that 
the complementary colours reciprocally cover each other, the 
spectrum will present at both extremities a purple region with 
yellowish-white interval. Purple, being a simple colour, will 
thus never be obtained by mixture, but only by extracting the 
yellow from a red or the blue from a violet. The solar spectrum 
contains the elements of all shades, either by mixtures or by 
diluting with white or extinction with black. In the latter case 
the colours containing blue preserve their tint, while those on 
the opposite side of the yellow become changed in character. 
Thus green, blue, and violet yield the so-called deep greens, 
blues, and violets, while the yellow, orange, red, and purple 
cannot be intensified, but pass over to olive, brown, garnet, or 
amaranth. —On the branchial apparatus and muscular and 

nervous systems of Amaracium torquatum, by M. Charles 
Maurice. In this Compound Ascidian, which abounds at Ville- 
franche-sur-Mer, the branchial apparatus presents thirteen rows 
of stigmata, and is otherwise characterised by three fundamental 
peculiarities connected with the transverse sinus.—On a larva of 
Lampyris noctiluca surviving the loss of its head, by M. Frangois. 
This specimen, which had lost the whole of the cephalic region, 
was found in a perfectly healthy and normal condition, and al- 
though destitute of any buccal orifice, it showed on dissection 
an abundance of adipose tissue. The cesophagus, however, 
had changed its position, and contained no trace of alimentary 
matter.—On the cyclone that swept over the Gulf of Aden in 
June 1885, by Admiral Cloué. As supplementary to the 
previous statement on this subject, the writer has collected 
further details from the captains of some English and Dutch 
vessels overtaken by the storm, and from Obock regarding the 
caravan which was ez route for Shoa when the whirlpool swept 
by.—Kemarks on Dr. W. C. Gore’s memoir on the ‘‘ Projectiles 
ot the Future,” presented to the Academy, by M. Larrey. In 
the interests of humanity, which are above those of war, it is 
argued that the use of explosives should be more and more re- 
stricted, and replaced by projectiles calculated rather to wound 
than to kill the combatants. With this object it is proposed to 
substitute for the explosive bullets now in use the so-called 
“© Lorenz” projectiles, which are described as ‘‘the missiles of 
the future.” 

BOOKS AND PAMPHLETS RECEIVED 

“Report of the Entomologist C. V. Riley for 1885” (Washington).— 
“Bulletin of the U.S. National Museum, No. 30,” by J. B. Marcou 
(Washington).—‘** Géologie de l’Ancienne Colombie, Bolivarienne Vénézuela, 
Nouvelle-Grenade et Ecuador,” by H. Karsten (Friedlander, Berlin),— 
“Jahrbuch der Meteorologischen Beobachtungen der Wetterwarte der 
Magdeburgischen Zeitung.” Jahrgang ill, 1884, by Dr. R. Assmann 
(Magdeburg).—** Reports on Insects injurious to Hop Plants, &c.,” No. 3 
“*TInsects injurious to Fruit Crops,’’ by C. Whitehead (Eyre and Spottis- 
woode).—‘* Lectures to Kindergartners,” by E. P. Peabody (Heath and 
Co., Boston). —‘‘ Transactions and Proceedings of the New Zealand Insti- 
tute, 1885,”’ vol. xvili., by J. Hector (Wellington).—‘“‘ Philip's Plani- 
sphere, showing the Principal Stars visible for every Hour in the Year’ 
(Philip).—‘* Catalogue of the Blastoidea in the Geological Department of 
the British Museum (Natural History),” by R. Etheridge, Jun., and P. H. 
Carpenter (London).—‘‘ Choice and Chance,’’ 4th edition, by W. A. Whit- 
worth (Bell and Son). 
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OTHING could have exceeded the magnificent 
manner in which the authorities of Grenada, and 

chiefly His Excellency Governor Sendall, and the com- 

manders of the ships detailed to assist the Expedition— 

Her Majesty’s ships Pantome, Bullfrog, and Sparrow- 
hawk—have met the wishes of, and lent assistance to, the 

Expedition. 
As a consequence, at this time of writing (August 20) 

all the observers, with the exception of the Chief of the 
Expedition, are at their posts, with huts and instruments 
erected, and as much skilled assistance as they can pos- 
sibly desire. The stations actually occupied so far are 

as follows :— 
(1) Garriacou. Rev. S. J. Perry and Mr. Maunder. 

This party has the Bud/frog, two officers of which will 
assist, as well as Lieut. Helby of the Sparrowhawk. 

(2) Boulogne. Prof. Tacchini and Mr. Turner. Lieut. 

Smith, of the Sparrowhawk, and a petty officer and 
skilled artificer, assist this party. 

(3) Hog Island. Prof. Thorpe. The Fantéme is 

anchored near the observing-station, and Prof. Thorpe 
will have the assistance of the officers. 

(4) Prickly Point. Capt. Darwin and Dr. Schuster. 

One or two officers of the “antéme, and Capt. Maling, the 
Colonial Secretary, assist this party. 

The fifth station, to be eventually occupied by Mr. 
Lockyer, is at Green Island, at the north-east corner 

of Grenada. 
Beresford (the Clerk of the Council), the Chief of the 
Police, Mr. Wright, and Dr. Boyd will assist him. 
The parties at Boulogne, Prickly Point, and Green 

Island occupy houses which have been placed at the 
disposal of the Expedition by Col. Duncan, Mr. Chad- 
wick (the Treasurer of the Island), and Mr. Belton 

respectively ; nothing can exceed the kindness which the 
Expedition has received, and the assistance rendered has 
been so effectual, that so far everything has gone without 
a hitch. The labours of the Governor in the cause of the 

Expedition have been unceasing; he planned a hut and 
sent a model to Barbados, and when it was approved (by 

telegraph) he had four ready awaiting the arrival of the 

parties, which were thus enabled to proceed at once to 

their stations. 
The weather chances are doubtful, but certainly they 

have improved since the arrival ot the Expedition. The 

observations of the local cloud conditions have been so 
continuous lately, not only by the observers themselves, 

but by many at the request of the Governor before the 
arrival of the Expedition, that there is no question that 
the best stations are occupied, and it is a matter of 
general satisfaction that Carriacou has been added to the 
line of stations. The local idea is that the hurricane 
which passed over St. Vincent—and so nearly over 
Grenada !—last Monday has cleared the air, as it has 

been noticed that spells of fine weather generally follow 
them. 

The Fantéme comes in on Sunday to convey the Green 
Island party to their station ; although this will leave very 
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Capt. Oldham, of the Sparrowhawk, Mr. | 

little time for the party to establish itself, it has been 

considered desirable to leave the southern observers un- 
disturbed as long as possible. The Governor and Mr. 
Lockyer will proceed in her to Carriacou to inspect the 

station there, while the hut and instruments are being 

erected at Green Island. The last week has been spent 

here in erecting and dismounting the instruments ancl 

overhauling everything, so that no time will be lost at 
the station itself. 

There are photographic difficulties ahead: with the 
ordinary plates brought out here, the film simply disap- 
pears in the developer in consequence of the usual tem? 
perature of the water, about 80°. The Germans and 

Americans are now supplying plates here which stand 

this temperature easily, but they do not seem to be known 

in England. It looks very much as if it will be safer to 

take some if not all of the photographs obtained—if any 

are obtained—to be developed at home. 
The Expedition will arrive in England on September 18. 
St. George, Grenada 

THE ZOOLOGICAL RESULTS OF THE 
“CHALLENGER” EXPEDITION 

Report on the Scientific Results of the Voyage of H.M.S. 

“ Challenger” during the Vears 1873-76 under the Com- 

mand of Capt. G. S. Nares, R.N., F.R.S., and Capt. F. T, 
Thomson, RN. Prepared under the Superintendence of 

the late Sir C. Wyville Thomson, F.R.S., &c., and now 

of John Murray, one of the Naturalists of the Expe- 

dition. Zoology—Vol. XIV. By Prof. W. A. Herd- 

man, and Hjalmar Théel. (Published by Order of Her 
Majesty’s Government, 1886.) 

OLUME XIV. of the Zoological Series of these Re- 
ports contains Parts 38 and-39. Part 38 forms 

the second part of Prof. W. A. Herdman’s Report on the 
Tunicata collected by the Expedition. It will be remem- 
bered that the first part was published in 1882, and that 
it treated of the Simple Ascidians. The Compou.id 

Ascidians are described in the present Report, and the 

free-swimming or pelagic forms will form a third and 
concluding Report. The Compound Ascidians have 

always been regarded by biologists as a most difficult 
group to describe. The impossibility of finding good 

diagnostic characters in external markings or general con- 

tour compels the investigator to search for such in minute 

internal structure—a laborious proceeding, and one that 
up to this had had no practical illustration. The large col- 

lection of Compound Ascidians made during the Expedition 
represented 102 species or well-marked varieties, and 
these are arranged in twenty-five genera. Eighty-eight 

of the species and ten of the genera are described here 

for the first time, and two new families have been esta- 

blished. 
The families and genera seem to be uniformly distributed, 

but they are more numerously represented in the southern 
than in the northern hemisphere ; indeed, the Compound 
Ascidians, like the Simple Ascidians, attain their greatest 

numerical development in the southern temperate zone. 
The Botryllidze appear to be confined to the northern 

hemisphere, having there a very wide range. The 
Distomidz are well represented in both hemispheres. 
The Polyclinidee almost exclusively belong to the 
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southern hemisphere. The Diplosomidz are from tropical 
seas. The family of the Ccelocormide is only known 

from the southern hemisphere. In the Didemnida the 

genera are well represented in both hemispheres, while in 

that of the Polystyelidze the southern and northern forms 

belong to different genera. 
The Compound Ascidians are not deep-seaforms. While 

between shore-mark and a depth of 50 fathoms over 60 

species and varieties were found, but 12 species were 
met with at depths between 100 and 250 fathoms; 4 
species extended to a depth of 500; 7 species to a depth 
of 1000 fathoms ; and one strange form, Pharyugodiclyon 
mirabtle, was found at a depth of 1600 fathoms. While 

as a matter of course the shallow-water forms have been 
better known from being so much more easily collected than 

the deep-sea species, still Prof. Herdman seems amply 

justified in his conclusions that the Compound Ascidians 

are essentially ‘‘a shallow-water group, that they are 
abundant around coasts in a few fathoms of water, and 
that they rapidly decrease in numbers as greater and 

greater depths are reached.” 

As to the phylogeny of the group, the author has come 
to the conclusion that the Compound Ascidians are poly- 

phyletic in origin, being made up of several branches 

which at differing periods have arisen from the Simple 
forms. 

As introductory to the description of new genera and 
species, we find a very complete and most instructive 

chapter devoted to the history, bibliography, and anatomy 

of the group. The general anatomical details are illus- 

trated by some excellent woodcuts. The details of the 
anatomy of the various species are given in connection with 

their description, and are largely illustrated on the forty- 
nine plates drawn by Prof. Herdman which accompany 
the memoir. ‘The investigation of the Ascidians, despite 

the existence of some few brilliant memoirs, is now for 

the first time done justice to; and, while we congratulate 

the author on his excellent work, we recognise in it not 

only an elaborate Report, but in addition a monograph of 
a, to this, very imperfectly known group. 

Part 39 is a Report on the Holothuroidee, by Hjalmar 
Théel, Part 2. In the second portion of this Report on 

these soft-bodied Echinoderms, Théel has not rested 

satisfied with giving a description only of the new forms 
of the groups Apoda and Pedata, which were brought 
home by the Expedition, but he has added a series of 

short accounts of all the forms known, even quoting the 

doubtful or little-known forms. Thus we have in this 
report also a veritable monograph of another most inter- 
esting group. Although unable to say much as to the 
bathymetrical distribution of these forms, still the Cia/- 

lenger dredgings have added many facts to our previous 
knowledge: Up to 1872 very few forms were known from 

depths exceeding 100 fathoms, and scarcely one from 
below 200 fathoms. Now we know cf a number of forms 
met with at a depth of 500 fathoms, and these are gene- 

rally distinct from shallow-water forms though belonging 
to the same genera. Several species have a vast bathy- 

metrical distribution, some individuals still living near the 
shore, while others have descended without any notable 
change to depths of from 5 to 700 fathoms. Some few 

belong to genera that have no representatives in depths 

shallower than 500 fathoms. Among the very deep-sea 
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forms we find Cucumaria abyssorum, at a depth of from 
1500 to 2223 fathoms ; Syzapta abyssorum, at a depth of 
2350 fathoms; Pseudostichopus villosus, at a depth of 
1375 to 2200 fathoms ; and the deepest-living of all the 
forms, Holothuria thomsoni, at a depth of from 1875 to 
2900 fathoms. Some fifty-three new species or strongly- 

marked varieties are described and figured. A valuable 

bibliography is annexed 
species have been re-described from fresh specimens, 
thus rendering this Report of immense value to the 

working zoologist. 

OUR BOOK SHELF 

Miscellaneous Papers relating to Indo-China. 
Triibner’s Oriental Series. 
Co., 1886.) 

IN Oriental matters, more than in any other branch of 
investigation, the student is beset at every step by the 
difficulty of knowing what has been done already, for, 
besides books and papers published in London and other 
European capitals (which are accessible enough), there 
are those published in the East itself by numerous Socie- 
ties as well as private individuals. In addition, many of 
the Journals and Proceedings of Societies to which the 
student would desire to refer are long since out of print, 
and many of them fetch a very high price indeed. Such 
are the Chinese Repository, the Oriental Repertory, 
Logan’s Journal of the Indian Archipelago, and many 
others that could be named. In London these can be 
consulted at the British Museum, at the libraries of the 
India Office and the Royal Asiatic Society, and perhaps 
elsewhere ; but this is of little service to the student 
elsewhere in the British Islands, and still less to 
one who is working in the very field itself, in the 
Malay Peninsula, Java, Borneo, Bangkok, or China, 
Occasionally, an enterprising Society or publisher may 
republish some of these old papers, but this is not often 
done, for the number of immediate buyers is necessarily 
small, and the return therefore slow and doubtful. 

Recent events in various parts of Further India, in- 
cluding in this term that part of Asia west of Burmah and 
south of China, have attracted the public mind to these 
regions. Accordingly, the Straits Branch of the Royal 
Asiatic Society, which has its seat at Singapore, decided 
to publish a first instalment of papers relating to Indo- 
China, but mainly to the Malay Archipelago, scattered 
about in various periodicals now beyond the reach of 
most students, and out of the question for those who are 
unable to consult large libraries. A selection of papers 
was made by officers of the Society in Singapore; these 
were carefully edited by Dr. Rost, the Librarian of the 
India Office, and the work was fortunate in being placed 
in Messrs. Triibner’s Oriental Series—a series of works 
which, whether we regard individual excellence or the 
range of Oriental knowledge which it embraces, stands 
unrivalled in the world, for in every direction it forms the 
high-water mark of European study of the East. The pre- 
sent volumes include selections from the papers published 
in Dalrymple’s Oriental Repertory, the old Astatic Re- 
searches, and the Journal of the Asiatic Society of Bengal. 
It may be hoped that the Society will feel able and willing 
tocontinue theissue of similar selections from other sources. 
The papers commence about 1808, and the latest are 
dated about 1860, and they embrace almost every subject 
of interest relating to the East. Some of the earlier 
reports are now of merely historical interest, such as 
Topping’s account of Keddah, Barton’s surveys and de- 
scription of Balambangan, and the history of the forma- 
tion of the East India Company’s establishment at 
Penang. But others are of more value. There are 

2 Vols. 
(London: Triibner and 
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the gum vine of Penang, the caoutchouc vine of Sumatra, 
and metals in the Malay Peninsula. In philology and 
ethnology we have a paper on traces of the Hindu language 
amongst Malays (by Marsden); Dr. Leyden’s famous 
paper on the languages and literature of the Indo-Chinese 
natives, the alphabets of the Philippine Islands, &c. 
There are several papers on geology and natural history. 
Two of the latter are catalogues of the Mammalia and 
reptiles inhabiting the Malay Peninsula, by Dr. Cantor ; 
while a third is a catalogue of the botanical collection 
brought home by the same naturalist in 1841. Another 
paper re-published has a peculiar interest, in view 
of the surveys undertaken by the French two years 
ago in the Krau isthmus for the purpose of cutting a 
canal, This is a report by Capts. Fraser and Forlong on 
a journey from the mouth of the Pakchan River to Krau, 
and thence across the isthmus to the Gulf of Siam. In 
the 16th paragraph of that report they urged that the Bay 
of Bengal could be connected with the China Sea by 
cutting through the isthmus at comparatively little ex- 
pense. ‘They enter into calculations showing how easily 
this could be done, the advantages of the route, &c. 
These calculations of distance, cost, c., are exceedingly 
elaborate, and show that the two officers entered tho- 
roughly into the matter. 

It will thus be seen that the volumes offer much of 
interest to several classes of students, and we repeat the 
hope that the Singapore Society may shortly be in a | 
position to continue the publication of further selections. 

LEEPER S LO LAE BDILOR 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice ts taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

Physiological Selection and the Origin of Species 

SEEING that criticisms on the theory of physiological selection 
are flowing through channels other than the pages of NATURE, 
and this in a volume larger than could at first have been antici- 
pated, it seems desirable that I should now permit them to 
exhaust themselves before undertaking a further and a general 
reply. On the present occasion, therefore, I will only ask you 
to be good enough to insert the following remarks. 

In order to put myself right with my critics, I should like 
them to remember that the paper published by the Linnean 
Society is designedly restricted to a preliminary statement of 
principles, which, it was hoped, might fulfil its avowed object 

_ of inducing other naturalists to co-operate with me in verifying 
the theory by observation and experiment, in the ways suggested. 
Such being the design, all details as to facts and references were 
intentionally omitted, and the same has to be said for all objec- 
tions to the theory which had occurred to my own mind. All 
these things will require to be gone into with the utmost care, 
should the course of verifying inquiry eventually prove that the 
voice of Nature pronounces for the theory. Therefore, while I 
shall be thankful for all criticisms, I should like my critics to 
remember that they have not as yet my whole case before them. 
In particular, I may intimate that I should not haye published 
even the outlines of my theory had I not been prepared for the 
very obvious exceptions which are taken to it by Mr. Wallace 
in the current issue of the Fortnightly Review. 

I am much indebted to Mr. Francis Darwin for his reference 
to Mr. Belt’s anticipation of my theory, for the fact that in its 
general form this theory has independently occurred to so dis- 
tinguished a naturalist, appeals to me as an additional pledge 
of its probability. On the other hand, I am greatly dis- 
heartened by his further statement that he has reason to suppose 
his father was ‘‘familiar with the principle of physiological 
selection,” and yet ‘‘did not regard it with any great favour.” 
Hitherto I have been under the impression that it was a theory 
to which the judgment of his father would probably have in- 
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clined, and therefore I shall await with no ordinary interest the 
statement of his reasons for thinking otherwise, whether this be 
communicated through your columns or privately to myself. It 
only remains to add that, if Mr. Darwin will be kind enough to 
turn to p. 380 of my paper, he will find that I have quoted zx 
extenso, and with its context on both sides, the passage from the 
“Origin of Species” which he extracts. But it does not appear 
to me that this passage furnishes any evidence that the theory of 
physiological selection was ever present to the mind of the 
writer—less evidence, for instance, than there is-from a passage 
in one of his earliest writings that the theory of natural selec- 
tion was present to the mind of Mr. Herbert Spencer. 

GEORGE J. ROMANES 
Geanies, Ross-shire, September 4 

Actinotrocha of the British Coasts 

I HAVE been reminded by Mr. T. Bolton, of Birmingham, 
that about three years ago I sent him living specimens of what 
Mr. A. G. Bourne afterwards identified as Phoronts. At the 
time I was under an impression, from hasty observation of the 
arrangement of the tentacular crown, and before I had seen the 
entire animal, that I had found a new Polyzoan allied to 
Lophopus. Phorontis occurs here in company with Sfzo setz- 
cornis ; a solitary individual or a small group of the former, in 
the midst of a colony of the latter. A block of stone densely 
populated with these annelids is a most interesting object in a 
tank. To me they have proved so interesting that I believe I 
have spent more time over them than over any other marine 
organism. 

I take the opportunity of calling attention to what I believe 
is an undescribed species of Peridimzum that annually recurs in 
these waters. The form is flattish, and the outline bi-conical, 
having one end bifurcated, with a flagellum in the fork, and a 
central ciliary groove. By degrees it loses its present form, and 
assumes that of a spheroid. 

I will gladly send specimens of either or all of these organ- 
isms to any naturalists who may wish to study them, if the cost 
of carriage be defrayed and the applicants not very mumerous. 

Sheerness-on-Sea W. I. SHRUBSOLE 

A New Aérolite 

ON May 28 last a farmer of Barntrup, a small town of the 
Principality of Lippe, in the north-west of Germany, walking in 
the afternoon, 2h. 30m., on the edge of a neighbouring wood, 
suddenly heard repeated reports like those of a gun, followed 
shortly after by an indistinct rumbling as of thunder. At the 
same time a meteorite came crashing through the leaves of a 
tree. The rumbling came from a south-westerly direction, the 
temperature was warm, the sky bright, and almost entirely 
cloudless. 

This is the twelfth case of a meteoric fragment being found in 
the north-west of Germany. It is a monolith of about the size 
of a walnut, and weighs 17°3 grammes (specific weight = 3°495). 
It is covered with a black crust chipped off in places by the fall. 
Under this crust it is of a light gray colour and granitic sub- 
stance, dotted in places with small yellow crystals, which are 
probably troilite or schreibersite. It has been lately presented 
to the Detmold Museum. L, HAEPKE 

Bremen, Germany 

DRAPER MEMORIAL PHOTOGRAPHS OF 
STELLAR SPECTRA EXHIBITING BRIGHT 
LINES 

“pee spectra of ordinary stars, whether examined 
directly by the eye, or indirectly by means of 

photography, present little variety. The comparatively 
few cases of deviation from the usual type are therefore 
particularly interesting, and the occurrence of bright lines 
in a stellar spectrum constitutes perhaps the most singular 
exception to the general rule. The brightness of the F 
line in the spectra of y Cassiopeize and $8 Lyra was 
noticed by Secchi. Rayet afterwards found three rather 
faint stars in Cygnus, the light of which was largely con- 
centrated in bright lines or bands. The adoption at the 
Harvard College Observatory of a system of sweeping, 
with a direct-vision prism attached to the eye-piece of the 
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equatorial telescope, resulted in the discovery by the 
present writer of several additional objects of the same 
class. Still more recently, Dr. Copeland, during a 
journey to the Andes, has extended the list by the dis- 
covery of some similar stars in the southern heavens. 
Among the photographic observations which have been 

undertaken at the Harvard College Observatory, as a | 
memorial to the late Prof. Henry Draper, are included a | 
series of photographs of the spectra of all moderately 
bright stars visible in the latitude of the Observatory. A 
recent photograph of the region in Cygnus, previously 
known to contain four spectra exhibiting bright lines, has 
served to bring to our knowledge four other spectra of | 
the same kind. One of these is that of the compara- 
tively bright star P.Cygni, in which bright lines, ap- 
parently due to hydrogen, are distinctly visible. This 
phenomenon recalls the circumstances of the outburst of 
light in the star T Coronz, especially when the former 
history of P Cygni is considered. According to Schon- 
feld, it first attracted attention, as an apparently new star, 
in 1600, and fluctuated greatly during the seventeenth 
century, finally becoming a star of the fifth magnitude, 
and so continuing to the present time. It has recently 
been repeatedly observed at the Harvard College Ob- 
servatory with the meridian photometer, and does not | 
appear to be undergoing any variation at present. 

Another of the stars shown by the photograph to have | 
bright lines is D.M. + 37° 3821, where the lines are un- 
mistakably evident, and can readily be seen by direct 
observation with the prism. The star has been over- 
looked, however, in several previous examinations of the | 
region, which illustrates the value of photography in the | y ; 

| glad to say that this call was heartily responded to by detection of objects of this kind. 
The other two stars first shown by the photograph to | 

have spectra containing bright lines are relatively incon- 
spicuous. The following list contains the designations 
according to the Durchmusterung, of all eight stars, the 
first four being those previously known ;:—35° 4oo1, 

35. 4013, 36° 3956, 36° 3987, 37° 3821, 38° 4o10, 37° 3871, 
35 3952 Or 3953. 

which the bright lines are most distinct. 
EDWARD C, PICKERING 

PEAT FLOODS IN THE FALKLANDS 

(Pe accompanying narratives of a singular.visitation 
which has befallen the town of Stanley in the Falk- 

lands may be of some interest to the readers of NATURE. 
Though the causes are so different, the effects of the 
bursting of a peat-bog in some respects curiously simulate 
those of a lava-flow. The papers have at different times 
been sent to Kew from the Colonial Office. It is partly 
in the hope that their publication may lead to some prac- 
tical suggestion for dealing with the trouble that I ask for 
their insertion in your columns. 

W. T. THISELTON DYER 

THE ACTING-GOVERNOR BAILEY TO GOVERNOR 
CALLAGHAN, C.M.G. 

Stanley, Falkland Islands, January 1, 1879 
SiR,—I regret to have to report to you the circum- 

stances attending an accident which happened early on 
the morning of November 30 last. 

Just after midnight on Friday, November 29, one of 
the inhabitants was awakened by the continued barking 
of his dog, and thinking that a cow had strayed into his 
garden, he went outside, when to his alarm he found that 
his house was surrounded by a black moving mass of 
peat several feet in height, and travelling down the hill at 
about four to five miles an hour. It was not until day- 
light that the extent of the disaster was manifested. 

The sufferers by the calamity were quite shut off from 
communication with the rest of the settlement, until they 

Cf these 37° 3871 is P Cygni, and | 
37° 3821, as above stated, is the star in the spectrum of | 

had cut a way for themselves through the heap of liquid 
peat, which everywhere surrounded their dwellings. For- 
tunately no lives were lost. 

Immediately, when the report reached me, I proceeded 
to the scene of the disaster, and found the town in a worse 
state than it had been represented, all communication 
between the east and west end of Stanley being entirely 
cut off, except by boats. - At this time there was no per- 
ceptible movement in the mass of peat which covered the 
ground in confused heaps, except in Philomel Street and 
the drain on the east side—where I perceived the liquid 
peat moving down at a very slow rate. To get rid of this 
as quickly as possible, I found it advisable to turn all the 
water that could be damned up, and sluice the peat 
whilst in a liquid state, and by this means I eventually 
cleared Philomel Street. On following up the course 
which the slip had taken, the hill presented a curious 
appearance. From the peat bank, down to the brow of 
the hill, a distance of about 250 yards, the surface-peat 
lay in confused heaps direct from the opening of the bog. 
The moving power (whether water or liquid peat it is 
impossible to say) travelled over the ground faster than 
the heavier bodies, which were left standing 3 to 4 feet 
above the level of the ground. 

Proceeding to the top of the bog, I found a depression 
extending over 9 to 10 acres of ground, the edges 
cracking and filling up with water, and threatening 
another accident. 1 at once saw the necessity of calling 
upon the inhabitants to assist me in cutting a trench at 
the back of the hill, so as to draw off this accumulation 
of water, which seemed likely to float the loose peat left 
in the depression down into the settlement. I am 

every man in the settlement, the gentlemen finding sub- 
stitutes to take their places. 

All worked for eight days in the cold and the rain, but 
nevertheless they were unsuccessful in carrying the 

| trench through the bank into the bottom of the slip, 
| owing to the soft peat welling up from the bottom and 

filling the trench again. Seeing that the exertions were 
of little avail in the present state of the bog, I did 
not press the settlers to continue the work that was so 
disheartening in its results; and as I now felt satisfied, 
from the great quantity of water that had been drained 
off, and the cutting being at a levei, that this would pre- 
vent any further accumulation of water taking place in 
the slip, as there was no immediate danger of another 
accident taking place, the work was stopped, and I pub- 
lished the inclosed notice. 

With your Excellency’s permission I will, in the course 
of a few weeks, prepare sections of the bog and the 
settlement, showing a plan of drainage which will, I hope, 
prevent a similar accident happening again.—I have, &c., 

(Signed) ARTHUR BAILEY 
His Excellency Governor Callaghan, C.M.G. 

LIEUT.-GOVERNOR BARKLY TO EARL GRANVILLE 

Government House, Stanley, Falkland Islands, 
Sune 3, 1886 

My Lorp,—I regret to have to report that a slip of the 
peat-bog at the back of the town of Stanley, similar to 
that which occurred in November 1878, but about 200 
yards to the westward of the scene of that accident, took 
place last night. A stream of half-liquid peat, over rco 
yards in width and 4 or 5 feet deep, flowed suddenly 
through the town into the harbour, blocking up the 
streets, wrecking one or two houses in its path, and sur- 
rounding others so as completely to imprison the inhabit- 
ants. Fortunately, as the night was wet and stormy, 
almost every one was within doors, and the few who were 
in the wrecked houses escaped in time. One child was, 
unfortunately, smothered in the peat, whose body has 
been recovered, but no other casualties are known to 
have occurred. An old man is, however, reported to be 
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missing this morning, and it is feared he may also have 
perished, as part of his house is almost filled with peat. 

(2) The people of Stanley, as on the former occasion, 
showed great energy and resource in dealing with the 
danger, and before I myself reached the spot barriers 
had been erected and lanterns placed to keep the public 
from dangerous spots, whilst all those who had been 
driven from their homes had been accommodated by their 
neighbours. 

(3) This morning bodies of volunteers were early at 
work, clearing the streets, so far as it was safe to do so 
without risk of disturbing the superincumbent mass of 
peat and setting it in motion again, and draining the 
water from it as far as was practicable. I have also em- 
ployed a strong body of labourers, under experienced 
supervision, in the same work, and have directed the 
removal of all persons remaining in dangerously situated 
houses ; and there is now little risk of further accident. 

(4) The slip was caused, apparently, by the unusually 
heavy rains which have fallen during the last few days, 
and which the drains constructed by Mr. Bailey, the Sur- 
veyor, in 1878, proved insufficient to carry off. Deeper 
and wider cuttings will now be made, and I trust that the 
recurrence of any similar catastrophe may thus be pre- 
vented. The town of Stanley is, however, from its situa- 
tion and the mass of peat-bog on the high ground behind 
it, always to some extent exposed to danger of this nature 
in times of unusually heavy rainfall.—I have, &c., 

(Signed) ARTHUR BARKLY 
The Right Hon. Earl Granville, K.G., &c. 

THE BRITISH ASSOCIATION 

BIRMINGHAM, Tuesday 

HE Birmingham meeting has been one of unusual 
excitement, mainly originating in the pre-arranged 

discussions which have taken place in several of the 
Sections. It is generally felt that this comparatively new 
feature has given new life to the Association, and ought to 
become general in all the Sections. At present the 
arrangements are somewhat crude, and the discussions 
are apt to become unmanageable. In some cases each 
of the speakers has all he means to say already written 
out, so that the discussion becomes merely the reading 
of a series of papers on a given subject. In other cases, 
however, at the present meeting, the discussions have 
been to a large extent extemporaneous. This was espe- 
cially so with the joint meeting of Sections A and D 
to consider the subject of colour-vision, and with the dis- 
cussion in Section E on Geographical Education. Pro- 
bably the most lively and generally interesting discussion 
was that which followed Mr. Seebohm’s paper on Dr. 
Romanes’ theory of Physiological Selection. Among 
those who took part in this were Profs. M. 
Foster, Newton, and Francis Darwin. On Saturday 
there was a lively and instructive discussion in Sec- 
tion C on Pre-Glacial Man, in which Prof. McKenny 
Hughes, Mr. Pengelley, Prof. Boyd Dawkins, Mr. De 
Rance, and others took part. The address of the 
President, Sir William Dawson, was a great popular suc- 
cess, so far as he could be heard. Prof. Riicker’s lecture 
on soap-bubbles was universally admired, the experiments 
being unusually brilliant. Prof. Roberts-Austen’s lecture 
to working men, on Saturday night, on the colour of 
metals, was greatly appreciated by a crowded audience. 

The weather has not been so good as could have been 
wished, so that the excursions and garden parties have 
been somewhat damped. The sozvée in the highly inter- 
esting Industrial Exhibition at Bingley Hall on Thursday 
evening was crowded and successful. Indeed the arrange- 
ments throughout made by the Local Committee for the 
entertainment of visitors have given complete satisfac- 
tion ; the comfort and convenience of the visitors having 
been provided for in every conceivable way. 

At the meeting of the General Committee yesterday, 
it was resolved to accept the invitation to Bath for 1888. 
For the Manchester meeting of next year, Sir Henry 
Roscoe was chosen President, the meeting to begin on 
Wednesday, August 31. The fact of an invitation having 
been sent from New South Wales for 1888, has been 
already noticed in NATURE. The invitation came up 
for consideration yesterday, with the result that it was 
decided to send a deputation of forty or fifty representa- 
tive members of the Association, to be selected by the 
Council in co-operation. with the Sectional Committees. 
The New South Wales Government have offered to pay 
all the expenses of such a deputation, but they insist, in 
somewhat dictatorial terms, that thedeputation shallconsist 
only of the most eminent representatives of British science. 
This subsidiary meeting will take place in Sydney in 
January 1888, when it is hoped representatives of science 
from all the Australasian colonies will assemble, and with 
the deputation hold a meeting, which will have for its 
object the promotion of science in Australia, and of more 
intimate relations between its representatives there and 
here. On the return of the deputation to this country it 
will report its proceedings to the Bath meeting; for the 
Australian meeting will not be regarded 4s a regular 
meeting of the British Association. On the whole, the 
decision come to at the General Committee meeting 
appears to give satisfaction. Victoria has also sent an 
invitation, but agreed to retire in favour of its sister 
colony. 

The number attending the Birmingham meeting is 
about 2500. 

Dr. MacAlister read on Thursday last to Section A 
a communication from the Grenada Eclipse Expedition, 
announcing that excellent photographs had been taken of 
the eclipse, and that successful experiments with the 
spectroscope had been made in the northern part of the 
expedition by Dr. Schuster, Capt. Darwin, and Prof. 
Thorpe. Dr. Schuster obtained two good and two fair 
photographs of the corona. Good spectra of the solar 
prominences have been obtained, showing the bright lines 
of highly incandescent vapours. Inthis respect the result 
resembles that obtained in the two previous eclipses, 
though it was thought possible that this year, being one 
when sunspots are tending to a minimum, would be 
marked by the more continuous spectrum that bespeaks 
lower temperature. The bright lines were especially well 
marked when the slit of the spectroscope was tangential 
to the sun’s disk, less marked when the slit was radial. 
Capt. Darwin was in charge of the coronagraph, an 
instrument by which a continuous series of photographs 
of the corona, before, during, and after totality, can be 
taken. Before and after the eclipse the photographs are 
taken by means of Dr. Huggins’s device for mechanically 
shutting off the glare of the sun. The idea of Capt. 
Darwin’s observations is to test the trustworthiness of 
Dr. Huggins’s method. If a complete continuity appears 
in the series of pictures taken by what may be called the 
artificial and the natural methods, the confidence of solar 
observers in the former method will be established. The 
series has been duly obtained, but until the plates are 
closely scrutinised in England it is impossible to pro- 
nounce on the success of the test. Dr. Thorpe was in 
charge of an instrument prepared by Capt. Abney for the 
determination of the intensity of the light sent out from 
different parts of the corona. He has been very success- 
ful, having made no fewer than fifteen determinations. 

The following is the list of grants which have been 
made this year by the Association :— 

A—WMathematics and Physics 

Solar Radiation res By i) ie xe Bs 20) 
Electrolysis... “A ao 50 Sac ah iy §0 
Ben Nevis Observatory a 74. eee ber wre 7S 
Standards of Light ... c 10 
Instructions for ‘Vidal Observations ee Ee, said NT 
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Chepstow Meteorological Observato: 
Magnetic Observations aes rth ep ae 4.0 
Electric Standards... 20 aoe an Si ee 5° 

B—Chemistry 

Silent Discharge of Electricity ae ese rs ce 20 
Absorption Spectra =. 40 
Translation of Foreign Records me 5 
Nature of Solution oon 20 
Influence of Silicon on Steel 30 

C—Geology 

Volcanic Phenomena of Vesuvius ... acs aoc eae 720 
Volcanic Phenomena of Japan BG ee ae wee 50 
Exploration of Cae Gwyn Cave... a0 op ZO 
Erratic Blocks ABD aes ee ae ec cod =e) 
Fossil Phyllopoda os aos oo con eee 20 
Carboniferous Flora of Halifa: nee Bes A er 25 
Microscopic Structure of the Rocks of Anglesey ... 7 10 
Eocene Beds, Isle of Wight awe as oc ae 20 
Circulation of Underground Waters eee 500 mee 5 
Erosion of Sea Coasts e. ay Wes ee oe 15 
‘Manure ” Gravels of Wexford ... oe sts eee TO 
Provincial Museum Reports ... tee 5 

: D—Biology 

Lymphatic System... one Sp otc m0 eee 25 
Naples Zoological Station ... Res on eas een LOO 
Plymouth Biological Station ane aes con ae £50 
Granton Biological Station ... va Soe wee mes 75 
Zoological Record... eee Fido cn tae et #100 
Flora of China nee wai aes an ae eee! 75 
Flora and Fauna of the Cameroons te bey noe 75 
Migration of Birds ... ae we not gt ae 30 
British Marine Area ... a ate = sod 5 

E—Geography 
Batho-Hypsographical Map ... SC ws “0 ces 5 
Depth of Permanently Frozen Soil ... sae a ae 5 

F—Economic Science and Statistics 

Regulation of Wages... . or06 . 10 

H—Anthropology 

Prehistoric Races, Greek Islands 20 
British Barrows ase ox ae «20 
North-Western Tribes of Canada 4 50 
Racial Photographs (Egyptian) so co ae 20 
Anthropological Notes and Queries Bo O08 mom IO 

Total ... 41300 

SECTION C 

GEOLOGY 

OPENING ADDRESS BY PrRor, T. G. BonnEy, D.Sc., LL.D., 
F.R.S., F.S.A., F.G.S., PRESIDENT OF THE SECTION 

T HAVE felt it a great honour and an especial pleasure to be 
asked to preside at the meeting of Section C in Birmingham. 
A great honour, because of the repute of my predecessors ; an 
especial pleasure, because, as born in the Midlands, I am 
naturally proud of the Midland metropolis, its intellectual 
activity, and its commercial enterprise. Besides this, there are 
few towns in England where I number more friends of kindred 
tastes than in Birmingham, Geology especially seems to thrive 
in this district, and little wonder when you reckon among your 
residents, in addition to a host of other workers, such leaders as 
Crosskey, malleus erraticorum, Allport, who taught me how to 
work with the microscope, and Lapworth, to whose genius my 
duller mind is under constant obligation. 

The addresses delivered at the annual meetings of the British 
Association afford a convenient opportunity for what may be 
termed stock-taking in some branch of science which has espe- 
cially attracted the attention of the author ; for a brief review 
of past progress ; for a glance forward over the rich fields which 
still await exploration. We may compare ourselves to pioneers 
in a land as yet imperfectly known, the resources of which are 
only beginning to be developed. Taking our stand upon some 
vantage-ground at the border of the clearings, we glance forward 
over plains as yet untrodden, over forests as yet untracked, to 
consider in what directions and by what methods of investiga- 

tion new lands can be won through peaceful conquest, new 
treasures added to the world’s intellectual wealth. 

I purpose, then, on the present occasion to offera few remarks 
upon a branch of geological investigation which appears to me 
one rich in promise for future workers. The key-note of my 
address might be conveyed in the following sentence: ‘‘The 
application of microscopic analysis to discovering the physical 
geography of bygone ages.”” The ultimate aim of geological 
researches is obtaining answers, in the widest and fullest sense, 
to these two problems in the history of our globe—the evolution 
of life upon it, and the evolution of its physical features. In 
the former a host of labourers, before and since the epoch of 
Darwin’s great book, have been employed in collecting and 
co-ordinating facts, and in framing hypotheses by scientific 
induction. In the latter the workers are fewer, but the results 
obtained are neither small nor unhopeful. In the past genera- 
tion, men like Godwin-Austen pointed out the principles of 
work and gathered no small harvest, but in the present the 
application of the microscope to the investigation of rock-struc- 
ture has facilitated research by furnishing us with an instrument 
of precision ; this, by disclosing to us the more minute mineral 
composition and structural peculiarities of rocks, enables us to 
recognise fragments, and sometimes even to determine the source 
of the smaller constituents in a composite clastic rock. The 
microscope, in short, enables us to declare an identity where 
formerly only a likeness could be asserted, to augment largely 
in all cases the probabilities for or against a particular hypo- 
thesis, and to substitute in many a demonstration for a 
conjecture. 

Once for all, Task you to bear in mind that this address is 
mainly a recital of other men’s work, so that I shall not need to 
interrupt its continuity by remarks as to the original observers. 
The subject is, indeed, one to which I have paid some attention, 
but I can only call myself a humble follower of such men as 
Godwin-Austen, ‘the physical geographer of bygone periods,” 
and Sorby, who was the first to apply the microscope to similar 
problems, and to whom in this class of investigation we may 
apply the well-known saying, Wihil tetigit guod non ornavit. 

With the deepest gratitude also I acknowlege the loan or the 
gift of specimens from Drs. Hicks and Callaway, from Messrs. 
Howard Fox, Somervail, Shipman, Gresley, Houghton, Marr, 
Teall, and J. A. Phillips, from Profs. Lapworth and Judd. 
Through their liberality I have had the opportunity of examining 
for myself the greater part of the materials which have already 
been described in the principal geological periodicals, and of 
adding many new slides to my own collection. 

The nature of the materials of grits and sandstones has been 
so admirably treated by Dr. Sorby in his presidential address to 
the Geological Society for 1881 that I may pass briefly over this 
part of the subject. I will, however, add a few details in the 
hope of placing more clearly before you the data of the problems 
which are presented to us. In order to exemplify the size of the 
fragments with which we have to deal, I have made rough 
estimates of the diameters of the constituent grains in a series of © 
quartzose rocks. Sometimes there is much variability, but very 
commonly the majority of the grains are tolerably uniform, both 
in size and shape. Ina slide from the Lickey quartzite, exposed 
in the railway cutting at Frankley Beeches, grains, often well 
rolled, ranging from *02” to ‘03’ are very common. Ina speci- 
men of Hartshill quartzite, they range from ‘o1” to *03”, 
but the most common size is a little under ‘025’. In a 
quartzite from west of Rushton (Wrekin) a good many grains 
range from ‘03” to '05.” In two speciments of quartzite (white 
and pale grey) from near Loch Maree, the grains commonly vary 
a little on either side of ‘02’, while in a specimen of the 
“fucoidal quartzite” (mouth of Glen Logan) much greater 
variety is exhibited, a good deal of the material being about ‘or’ 
in diameter, but with many scattered grains up to ‘03”. The 
grains in a pale grey quartzite from the Bunter beds at the north 
side of Cannock Chase range from about ‘or” to ‘or5”, and are 
very uniform. In aliver-coloured quartzite from the same locality 
they are about as long, but narrower and sharply angular in 
form. These will serve as examples of what we may call an 
average, moderately fine grit or sandstone. It is my impression 
that in a very large number of ordinary sandstones most of the 
grains range from about one to three hundredths of an inch. 
In rocks, however, to which most persons would apply the 
epithet ‘‘rather coarse-grained,” fragments of a tenth of an 
inch or more in diameter are common. 

It is extremely difficult to give, in general terms, an estimate 
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of the size of the crystalline constituents of ordinary granites, 
and the more coarsely crystalline gneisses. But speaking of those 
which enter into the composition of the ground mass, I should 
say that the individual quartz grains do not often exceed ‘03”, 
and are very frequently between this and ‘02’. In the finer- 
grained granites and more distinctly banded gneisses, and their 
associated quartziferous schists, about ‘or’ is a common size, 
while in the finer schists (believed by many geologists to be later 
in date than the aforesaid) they range from ‘oo2” downwards, 
and do not generally exceed ‘oor’. Feldspar crystals, where they 
occur, probably do not differ very materially in area from the 
quartz, though they are often, as might be expected, rather 
longer and narrower ; mica crystals, cut transversely, are often 
longer and usually much narrower. Of other constituents, as 
being either rarer or more liable to change, I will not speak in 
detail. The individual quartz grains, in the compact and glassy 
varieties of the more acid igneous rocks, are about the same 
size as those in an ordinary granite. 

Space does not permit me to enter upon the methods of dis- 
tinguishing between the materials furnished by the different 
varieties of crystalline schists, gneisses, and igneous rocks of 
similar chemical composition. For the most important of these 
I must refer you to Dr. Sorby’s address, but I may add that there 
are others which it would be almost impossible to describe in 
words, as they can only be learnt by long-continued work and 
varied experience. I do not pretend to say that in the case of a 
grit composed of fragments of about ‘o2” diameter we can suc- 
ceed in identifying the parent rock of each individual, but I 
believe we can attain to areasonable certainty as to whether any 
large number of its constituents have been furnished by granitoid 
rocks, by banded gneisses and schists, by fine-grained schists or 
certain phyllites, by older grits or argillites, or by lavas and 
scoria. There seem to be certain minute differences between 
the feldspars from a granitoid rock and from a porphyritic 
lava, and more markedly between the quartz grains from the 
tworocks. The latter can generally be distinguished from the 
polysynthetic grains furnished by certain schists or veins, and 
these not seldom one from another. Obviously the larger the 
fragments the less, ceterts paribus, the difficulty in their identifi- 
cation. When they exceed one-tenth of an inch the risk of 
important error is, I believe, to a practised observer compara- 
tively small. 

Obviously, also, the shape of the grains leads to certain 
inferences as to the distance which they have travelled from their 
original source, and as to the means of transport, but into the 
details of this I must forbear to enter. I will merely remind 
you that small angular fragments of quartz are so slowly 
rounded when transported by running water that, if well- 
rounded grains appear in large numbers in a sandstone, it seems 
reasonable to suppose that these are, in the main, wind-drifted 
materials, 

Thus every rock in which the constituent particles admit of 
recognition and of identification may be made to bear its part in 
the work of deciphering the past history of the globe. Where 
the constituents have been derived from other rocks, we obtain 
some clue to the nature of the earth’s crust at that epoch ; where 
the locality whence a fragment was broken can be discovered, 
the nature, strength, and direction of the agents of transport can 
be inferred. Some idea as to the structure and surface-contour 
of the earth in that district, and at that time, can be formed ; 
and thus the petrologist, by patient and cautious induction, may, 
in process of time, build up from these scattered fragments the 
long-vanished features of the prehistoric earth, with a certainty 
hardly less than that ofthe palzeontologist, when he bids the dry 
bones live, and repeoples land and sea with long-vanished races. 
The latter study is in vigorous maturity, the former is still in its 
infancy : so much wider then is the field, so much more fasci- 
nating, to many minds, is the investigation. There are many 
districts which are without fruit for the palzeontologist—there 
are few indeed which, to the petrologist, do not offer some hope 
of reward. The field of research is so wide that not one nor few 
men can gather all its fruits. It needs many workers, and it is 
in the hope of enlisting more that I have ventured to bring the 
subject before you to-day. 

Materials of the Coarser Fragmental Rocks of Great Britain » 
I proceed now to give a brief epitome of the constitution, so far 

* I have been obliged to exclude those of Treland, as I have so little material from that country, and for want of space h i 
Soe aera Pp ave not dealt fully with 

as I know it, of our British grits, sandstones, breccias, and con- 
glomerates. I shall exclude, as involving too many collateral 
issues, the Post-Pliocene beds, and dwell more on the earlier 

than on the later deposits, because the latter obviously may be 
derived from the former by denudation, so that it becomes the 
more difficult to conjecture the immediate source of the con- 
stituent particles. Further, in order to avoid controversy on 
certain questions of classification, or for brevity, I shall occasion- 
ally group together geological formations which I think separable. 

It may be convenient, however, to call your attention to the 
localities at which, at the present day, granitoid rocks (many of 
which may be of igneous origin, but are of very ancient date), 
gneisses, and crystalline schists are exposed in Great Britain, 
as well as those where considerable masses of igneous rock of 
age not later than Mesozoic occur. The former constitute a 
large part of the north-western and central highlands of Scotland 
and of the islands off its west coast ; they are exposed in Angle- 
sey and in the west and the north of Carnarvonshire ; they form 
the greater part of the Malvern Chain, and crop out at the 
Wrekin ; they occur on the south coast, at the Lizard, and in 
the district about Start Point and Bolt Head ; they rise above 
the sea at the Eddystone. It is probable that these last are the 
relics of a great mass of crystalline rock, which may have ex- 
tended over the Channel Isles to Brittany ; also, that we may 
link with the massif of the Scotch highlands the crystalline rocks 
of Western Ireland on the one hand, and of Scandinavia on 
the other. Among the indubitably igneous rocks we have 
granite, or rocks nearly allied to it, im Scotland, in the 
Lake district, in Leicestershire, and in Devon and Corn- 
wall. Feldstones, old lavas, and tuffs of a more or less acid 
type occur in Southern Scotland, to some amount also in the 
Highlands, in the Lake district, and in various localities of 
rather limited extent in West-Central England, as well as 
in the south-west region just mentioned, while in Wales we 
have, in the northern half, distinct evidence of three 
great epochs of volcanic outbursts, viz. in the Bala, in the 
Arenig, and anterior to the Cambrian! grits and slates. In 
South Wales there were great eruptions at the last-named epoch 
and in Ordovician times. I have passed over sundry smaller 
outbreaks and all the more basic rocks as less immediately con- 
nected with my present purpose. It is, I suppose, needless to 
observe that a coarsely crystalline rock, whether igneous or of 
metamorphic origin, must be considerably older than one in 
which its fragments occur. 

Cambrian and later Pre-Cambrian.—That the majority at 
least of the gneisses and crystalline schists in Britain are much 
older than the Cambrian period will now, I think, hardly be 
disputed by any who have studied the subject seriously and with- 
out prejudice. There are, however, later than these, numerous de- 
posits, frequently of volcanic origin, whose relation to strata 
indubitably of Cambrian age is still a matter of some dispute. 
Therefore, in order to avoid losing time over discussions as to the 
precise position of certain of these deposits, or the particular 
bed which in some districts should be adopted as the base of the 
Cambrian, I will associate for my present purpose all the strata 
which, if not Cambrian, are somewhat older. The latter, how- 
ever, exhibit only micro-mineralogical changes, and of their 
origin, volcanic or clastic of some kind, there can be no reason- 
able doubt ; so that the difference in age does not appear to 
be enormous ; that is to say, I include with the Cambrian the 
Pebidian of some recent authors, 

The utility of microscopic research has nowhere been 
better exemplified than in the case of the oldest rocks of St. 
David’s. Some authors have supposed that the base of the 
Cambrian series in this district has been ‘‘ translated” beyond 
recognition, others that it has been thrust out of sight by the 
intrusion of granitic rock. But low down in the series, beneath 
the earliest beds that have as yet furnished fossils to British 
palzontologists, there is a well-marked and widespread conglo- 
merate ; underlying this, with apparent unconformity, comes a 
series of beds very different in aspect, chiefly volcanic, and 
beneath this a granitoid rock. The conglomerate, in places, 
even without microscopic examination, proves the existence, 
though probably at some distance, of more ancient rock, as it is 
full of pebbles of vein-quartz and quartzite ; but in other parts 
it is crowded with pebbles closely resembling the feldstones in 
the underlying volcanic group, and in some parts becomes a 
regular avxose, made up almost wholly of quartz and feldspar, 

* I take the base of the Arenig as the commencement of the next forma- 
tion, the Ordovician, which thus represents one phase of the Lower Silurian 
in the variable nomenclature of the Geological Survey. 
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closely resembling those minerals in the granitoid rock, of which 
also small rounded pebbles occasionally occur. One or two 
fragments of a quartzose mica-schist, which is not known to occur 
im situ in the district, have also been found. It is therefore 
evident that not only is the volcanic series somewhat, and the 
granitoid rock considerably, older than the conglomerate, but 
also that an important series of rocks, some of which were 
thoroughly metamorphic, was exposed in the district when the 
conglomerate was formed. I have very little doubt that a study 
of the finer-grained sedimentary Cambrian beds overlying the 
conglomerate will corroborate, were it needed, the conclusion 
which the latter justifie-. Passing on to North Wales, the coarser 
beds in the Harlech axis, so far as they have been examined, 
are found to be full of fragmental quartz and feldspar, which 
is undoubtedly derived from a granitoid rock ; some beds being 
made up of little else. No rock of this character, so far as I am 
aware, is exposed in this part of Wales, but a ridge of granitoid 
rock extends from the town of Carnarvon to the neighbourhood 
of Port Dinorwig. Through this, apparently, the great feldstone 
masses which occupy considerable tracts on the northern margin 
of the hills between Carnarvon Bay and the valley of the Ogwen 
have been erupted, and over this comes a series of grits, slates 
and conglomeratic or agglomeratic beds, overlain ultimately by 
the basal conglomerate of the undoubted Cambrian series. It 
was formerly maintained that these feldstones were only lower 
beds of the Cambrian metamorphosed—practically fused by 
some ‘‘metapeptic” process. This notion, however, was quickly 
dispelled by microscopic examination. The overlying conglo- 
merate is often crowded with pebbles, identical in all important 
respects with the feldstone itself, which also presents many cha- 

- racteristics of a lava flow as opposed to an intrusive mass, and is 
no doubt an ancient rhyolite now devitrified. There is some 
difference of opinion among the geologists who have worked in 
this district as to the exact correlation of various gritty, con- 
glomeratic or agglomeratic beds which succeed the feldstone, as 
is only natural where disturbances are many, and continuous 
outcrops generally few. But all agree on the existence of a 
series, into which volcanic materials enter largely, between the 
above-named basal Cambrian conglomerate and the feldstone. 
In this, then, and in the basal conglomerate we have again and 
again more or less rounded fragments of old rhyolitic lavas. We 
have numerous and varied /apz//7, probably of like chemical com- 
position. We have grits which are largely composed of quartz 
aad feldspar, resembling that in the granitoid rock, together with 
fine-grained quartzose schists and bits of rhyolite, all mingle 1 
together. We have also occasionally, as in the Cambrian con- 
glomerate near Llyn-Padarn, pebbles of the granitoid rock. 
Further, the basal conglomerate, as near Moel Tryfaen, is some- 
times crowded with fragments of gritty argillites. . Fine-grained 
schists, as will be noted, seem to be rare in this district, but, as 
such rocks occur 7 sz in the Lleyn peninsula, they will pro- 
bably be discovered more abundantly when the Cambrian 
conglomerate is examined further in that direction. 

Fine-grained micaceous, chloritic, and other schists occupy a 
considerable portion of Anglesey, and in the neighbourhood of 
Ty Croes there is an important outcrop of granitoid rock. The 
former were once regarded as metamorphosed Cambrian, the 
latter as granite which aided in the metamorphism at the end of 
the Ordovician period. In Anglesey the earlier Paleozoic rocks 
are not generally rich in fossils, so that it is sometimes difficult 
to settle their precise position. The oldest beds which have 
been thus identified have been placed in the Cambrian (Tre- 
madoc), but some experts have doubted whether quite so low a 
position can be assigned to them. Hence the exact age of the 
oldest Palaeozoic beds in thisisland is uncertain, as also whether the 
basal conglomerates near Ty Croes are of the same age as those 
in Carnarvonshire. This, however, is certain, that some of the 
Anglesey grits above the basal conglomerate are largely made up 
of quartz and feldspar derived from a granitoid rock. Others 
contain numerous fragments of very fine-grained schists, like 
those so abundant in the island, and the conglomerate contains 
pebbles sometimes full two inches in diameter, absolutely iden- 
tical with the rocks in the adjacent granitoid ridge (the foliated 
structure distinctive of some parts of it having been even then 
assumed), together with various metamorphic rocks, some green 
schistose slaty rocks, and some reddish slates. The last two were, 
I doubt not, cleaved before they became fragments; probably 
these were derived from the hypometamorphic series, which 
Dr. Callaway has described, and which also contains pebbles of 
the granitoid rocks. Fragments of the characteristic fine-grained 

schists are, so far as I at present know, less common among the 
Anglesey grits and conglomerates than one would expect, per- 
haps owing to their comparative destructibility; but I have 
found them occasionally and suspected their presence more 
often. Hence there can be no doubt that older crystalline rocks 
have Very largely contributed to the formation of at least the coarser 
members of the lower Palzeozoics of Anglesey. 

Passing now to Central England, we come to regions which 
may be regarded as almost the exclusive property of your local 
geologists. The Hollybush sandstone on the flanks of the 
Malvern is,’no doubt, largely composed of the finer debris of the 
older rocks of that chain, but the Malvern hills are only an 
unburied fragment of a vastly larger area of crystalline Archean 
rock. ‘This is just indicated some seven miles further north in 
the Abberley Hills. It crops up at either end of the Wrekin, 
and for a little space near Rushton, but in the later fragmental 
rocks of the district we have abundant proofs of its existence. _ 
The central part of the Wrekin is composed of volcanic rocks, 
rhyolites of varied kinds, with agglomerates ; these were once 
regarded by our highest authorities as greenstones intrusive in 
beds of Ordovician age, but Mr. S. Allport has taught us their 
true nature, and Dr. Callaway has proved their far greater 
antiquity. Similar rocks are to be found elsewhere in the 
neighbourhood of the Wrekin, and in the district farther west. 
We cannot affix a precise date to the volcanic outbursts of the 
Wrekin, but we can prove that they are not newer than the 
quartzite which fringes the hill, as it contains fragments of the 
perlitic and other glassy rocks of the apparently underlying 
series. This quarzite is certainly much older than the newer 
part of the Cambrian, and pebbles of rhyolites, resembling 
those of the Wrekin, occur in the indubitable Cambrian beds 
farther west. For instance, a grit at Haughmond Hill is quite 
full of fragments of volcanic rock, many of these scoria ; another 
suggests the derivation of some of its materials from a mica- 
schist, while, according to Dr. Callaway, the conglomerates and 
grits of the Longmynds (which form the main part of the mass) 
are largely derived from older rocks, the former being crowded 
with pebbles of purple rhyolite, quartz, feldspar, mica, and 
occasional bits of mica-schist. A most interesting conglomerate, 
apparently older than the quartzite, occurs at Charlt_n Hill. 
This contains more or less rolled fragments of grits, quartzites, 
and argillites, looking in several cases as if they had undergone, 
before being broken off, the usual micro-mineralogical chanzes. 
It contains also fragments of rhyolite and many of coarse gran- 
itoid or gneissoid rocks of Malvernian type, besides numerous 
grains of quartz and feldspar of a like character. Finer-grained 
gneissoid rocks and schists, micaceous, hornblendic, or chloritic, 
are present in fairamount. ‘The last bear some resemblance to 
the Rushton rocks, and remind me strongly of rocks which occur 
in the Highlands and in the Alps, apparently not in the lowest 
part of the Archzean series. Some also resemble the Anglesey 
schists. The quartzite itself is largely made up of grains of 
quartz which appear to me to have been derived from old 
granitoid rocks. Occasional grains, however, suggest by their 
compos:te structure derivation from a quartzose rock of finer 
texture, and, as already said, bits of the Wrekin rhyolite some- 
times occur. The same is true of the Lickey quartzite, in regard 
to all three constituents, in which an occasional grain of micro- 
cline, very characteristic of old granitoid rocks, has been 
observed. The ‘quartz grains in this and in the former rock 
are occasionally very much rounded. The Lickey quartzite 
has lately been shown by Prof. Lapworth to overlie rhyolitic 
rocks, and it is much older than the lowest Silurian. Not 
improbably it is of the same age, and was once connected 
with that of the Wrekin district. The Hartshill quartz- 
ite, near Nuneaton, has a similar composition, is below 
Cambrian, and overlies some rhyolitic rocks. Thus these in- 
sulated areas prove the existence of an old fragmental series, 
which is largely composed of materials derived from pre-existing 
and much more ancient Archean rocks. It is difficult to assign 
a date to the unfossiliferous rocks forming the rugged hills of 
Charnwood Forest, but, as they have been affected by very 
ancient earth-movements, and there is nowhere any valid evidence 
of volcanic activity in the true Cambrians, they may be assigned 
with most probability to the antecedent epoch, which seems to 
have been one of great disturbance. Microscopic examination 
has shown that materials of volcanic origin enter largely into the 
composition of these Charnwood rocks, even the’ most finely 
grained ; but besides occasional fragments of slaty rock in the 

| breccias, for which a high antiquity cannot be asserted, we find 
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some pebbles of vein-quartz and two or three beds of quartzite. 
The grains in these appear to have been derived from old granitoid 
rocks, and not from the porphyritic rhyolites of the district. In 
one case, at the Brande, they are most conspicuously rolled, and 
this has happened, though less uniformly, in a grit from near the 
ruins, Bradgate, which also contains grains of compound structure. 
In conclusion, I must briefly notice the so-called Torridon sand- 
stone of North-Western Scotland, which is in many respects 
invaluable to the student. That it is not later than the base of 
the Ordovician is indisputable ; that it is underlain by and derived 
from a mass of Archzean rocks—gneisses, more or less granitoid, 
with occasional schists—is universally admitted. Its coarser base- 
ment beds are crowded. with fragments of the underlying gneisses 
and schists, and since the epoch of their formation no material 
change has taken place in either the one or the other. The finer 
beds, though other materials occasionally occur, are largely, 
sometimes almost exclusively, composed of grains of quartz and 
of feldspar identical in every respect with those in the underlying 
series. It may be a fact of some significance, for it agrees with 
what I haye elsewhere noticed in very old fragmental rocks, that 
the feldspar appears to have been broken off from the parent rock 
while still undecomposed, and in many cases is even now remark- 
ably well preserved. It would seem, therefore, as if the denu- 
dation of the granitoid rock had been accomplished without 
material decomposition of its feldspar, but I must not allow myself 
to digress into speculations on this interesting and suggestive 
fact. While referring to this district I may mention the quartzites, 
though, strictly speaking, they are Ordovicianin age. These in 
some cases consist all but exclusively of quartz grains derived 
from the Archzean series, which, however, are generally smaller 
than those in the Torridon ; it would seem as if the feldspar of 
the parent rock had either decomposed z# sit, or had been 
broken up in consequence of the longer distance from the source 
of supply. This quartzite is sometimes of singular purity, con- 
taining little or no earthy material, and only rarely a flake of 

- mica or a grain of feldspar, tourmaline, or epidote (?). 
Ordovician- Silurian.—In regard to the earlier of these forma- 

tions I am better acquainted with the volcanic than with the 
non-volcanic fragmental beds. Still, so far as I have seen, we 
find among the latter frequent indications of a supply of materials 
from regions of crystalline as well as of ordinary sedimentary 
rocks. The quartzite of the Stiper Stones (possibly earlier than 
the Arenig) appears to have derived most of its grains from 
granitoid rocks, and probably the same is true of many of the 
coarser beds in the Caradoc group of Shropshire and Eastern 
Wales. The Garth grit of Portmadoc appears to have derived 
much of its quartz from a like source as the Stiper Stones, but 
it also contains bits of a fine-grained quartzose schist and of 
older clastic rocks. A grit from the Borrowdale series of 
Chapel-le-dale contains, in addition, bits of old andesite and 
probably diabase, with fragments of a rather granitoid gneiss 
and quartzose schists. Fragments of cry-talline rock, both 
small and large, abound in the Upper Llandovery beds at 
Howler’s Heath, at Ankerdine Hill, in the Abberley district, on 
the west flank of the Malverns, and at May Hill, thus indicating 
that early in Silurian times far greater outcrops of crystalline 
rock existed than are now visible west of the Severn. Mr. W. 
Keeping (Quart. Journ. Geol. Soc. vol. xxxvii. p. 149, &c.( calls 
attention to the abundance of fragments of quartz, feldspar, and 
mica in the ‘‘ greywackes” of the Aberystwith district, which 
give the rock sometimes quite a granitoid appearance, and adds 
that, in his opinion (2dzd. p. 150), ‘‘ the abundance of feldspar 
erystals, so general in the Silurian rocks (Upper Silurian of 
North Wales, South Wales, and the Lake district), points to the 

_ neighbouring presence-of a vast mass of early, perhaps primeval, 
igneous rocks as the great source of sediment supply in Silurian 
times.” What I have seen of the Denbigh grit of North Wales 
and of the Coniston beds of the Lake district confirms this con- 
clusion. It is true that some of the material may have been 
supplied by Ordivician volcanic rocks, and that the quartz grains 
in the specimens which I have examined are not large. But 
we must remember that the latter can hardly have been furnished 
by the lavas of the Lake district ; and those of North Wales, 
though richer in silica, do not, so far as I know, generally con- 
tain large quartzes. These, indeed, may have been derived 
from the denudation of Cambrian rocks, but I should doubt 
the sufficiency of such an explanation. In one specimen, a Den- 
bigh grit from Pen-y-glog, near Corwen, there occurs, besides 
one of smaller size, a fragment about ‘1 in diameter, exhibiting a 
micrographic arrangement of quartz and feldspar. In Cornwall, 

among beds which are almost certainly Ordovician or Silu- 
rian, we find similar evidence of derivation from much more 
ancient rocks. The conglomerates of the Meneage district con- 
tain, in addition to quartzites, greywackes, and other old sedi- 
mentary beds, abundant fragments of a moderately coarse- 
grained granitoid rock, and occasionally a hornblendic rock 
similar to the well-known Lizard schist. A series of specimens 
which I have examined microscopically shows, in addition to 
compact igneous rocks, apparently volcanic, quartz grains pro- 
bably derived from granitoid rock, various fine-grained schists 
and schistose argillites or phyllites, quartzites, grits, and other 
older clasticrocks. One fragment of schist contains little eyes of 
feldspar, and in general structure reminds me of some in the so- 
called ‘‘Upper Gneiss” series of North-Western Scotland. 
Another, a fine-grained mica-schist or a phyllite, exhibits a cleay- 
age transverse to the rumpled foliation. 

A rich harvest probably awaits the explorer in the “‘ grey- 
wackes” of the southern uplands of Scotland. A ‘* Lower 
Silurian” conglomerate from Kingside, Peebles-shire, con‘ains 
numerous fragments of igneous rocks, probably of volcanic 
origin, and bits of granitoid rock, with some which are either 
very old quartzites or perhaps vein-quartz. These have been 
crushed and re-cemented before being detached from the parent 
rock. The basement conglomerate of the Craig Head limestone 
group (Llandeilo-Bala) is full of rounded fragments of volcanic 
rocks. These, as in the last-named case, exhibit considerable 
variation ; the majority, however, are probably andesites, and 
perhaps in one or two cases even basalts. A Middle Llandovery 
conglomerate from near Girvan is largely made up of fragments 
which appear to"have been derived from very ancient quartzose 
rocks. The greywacke of rather later age from near Heriot, 
Edinburghshire, contains, with numerous volcanic fragments, and 
a little argillite, a few bits of fine-grained quartz-schist, together 
with grains of quartz and feldspar, suggestive of derivation from a 
more coarsely crystalline rock. 

Old Red Sandstone and Devonian.—lt is, 1 believe, indisput- 
able that when the Old Red Sandstone of Scotland was formed 
a great period of mountain-making had ended and one of 
mountain-sculpture was far advanced. The conglomerates are 
often full of fragments of the crystalline rocks of the Highlands, 
and no doubt the sandstones derived their quartz grains from the 
same source. In the southern half of the country, however, as 
is well known, volcanic materials, more or less contemporaneous, 
play an important part. I have not been able to examine closely 
the Old Red Sandstones of England and Wales, but their fre- 
quent near resemblance to the sandstones of Scotland suggests 
a similar derivation. True, the materials may have been sifted 
from older clastic rocks, but there is nothing specially to suggest 
this, and the abundant pebbles of vein-quartz, which I have seen 
in one or two localities, seem rather more favourable to the other 
hypothesis. I have only examined microscopically a very few 
specimens of Devonian grit, all from the south side of the country. 
These certainly seem to have derived their materials, in part at 
least, from crystalline rocks, both granitoid and schists of finer 
grain; one specimen also apparently containing some bits of 
hypometamorphic rock. 

Carboniferous.—In Scotland some of the basement beds of 
this series so closely resemble the Old Red Sandstone that no 
further description is needed, and the same remark may be made 
of the very few overlying sandstones which I have carefully ex- 
amined. In the North of England the basement conglomerates, 
so far as I have seen them, are made up of earlier Palaeozoic 
rocks, but for many of the great masses of sandstone which occur 
in the series a source of supply is not so easily found. Dr. Sorby, 
who has made a special study of the Millstone grit of South 
Yorkshire, tells us that it is formed of grains of quartz and 
feldspar, apparently derived froma granite, and contains pebbles, 
sometimes an inch or so in diameter, of vein-quartz, of hard grits, 
of an almost black quartz-rock or quartz-schist, and of a non- 
micaceous granite. He also notes one fragment of a greenstone, 
and another either of a fine-grained mica-schist or of a clay-slate. 
The granite, he states, more resembled those of Scandinavia 
than any one now visible in Britain, and the bedding indicated 
a supply of materials from the north-east. In the Millstone grit 
near Sheffield he says that the grains appear to be but little 
worn, as if they had not been drifted from far. A few also appear 
to have been derived ftom schists. From what I have myself 
seen, I anticipate that Dr. Sorby’s conclusions may be extended 
to most of the other coarser Carboniferous clastic beds of Northern 
England, except that, perhaps, as was inferred by Prof. Hull, 
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another important, if not the principal, source of supply must be 
sought on the north-west. The materials of the basement con- 
glomerates and grits in North Wales appear to be either Palzozoic 
rock or vein-quartz and an impure jasper ; but a microscopic 
study of carefully selected specimens, especially from Anglesey, 
might produce interesting results. In Central England, as the 
Old Red Sandstone is commonly absent, and, if present, must 
have been speedily buried, we should naturally look further afield 
for the materials of the Coal-Measure sandstones and Millstone 
grit, where it occurs. But probably we shall be right in including 
this, as indicated by Prof. Hull, with the northern district. He 
also points out that in the south-western part of England and in 
South Wales there is good evidence that the materials have been 
brought by currents from the west. I have only examined one 
specimen from this region, but it has proved very interesting. 
It is from a Carboniferous grit near Clevedon, in Somersetshire. 
About one-third of the rock consists of quartz grains which I 
should suppose derived from schists or gneisses of moderate 
coarseness ; quite another third of fragments of a very fine- 
grained micaceous schist, about ‘03” long. It is possible that 
these may be phyllites, but I think it far more probable that 
they are true schists. They are very like some of the more 
minutely crystalline schists of Anglesey, and it is evident 
in some cases that the rock had been corrugated subsequent to 
foliation. ‘This grit also contains a few bits of feldspar and flakes 
of mica. I must not forget to mention some curious boulders 
which have been discovered occasionally in actual coal-seams. 
Through the kindness of Mr. Radcliffe I have been able to 
examine some specimens found at Dukinfield Colliery. They 
are hard quartzose grits and quartzites, bearing a general resem- 
blance to sundry of the earlier Paleozoic rocks. One of the 
latter is as compact and clean-looking as the well-known quartzite 
of the North-Western Highlands. Besides quartz, and perhaps 
a little feldspar, it contains a small quantity of iron-oxide (?), two 
or three flakes of white mica, a grain or two of tourmaline, and 
of a mineral resembling an impure epidote. A similar quartzite 
has been found by Mr. W. S. Gresley in a coal-seam in Leicester 
shire, and I have described another from the ‘‘ thirteenth coal” 
at the Cannock Chase Colliery. In each of these quartzites the 
two minerals last named may also be detected. 

Before quitting the Carboniferous series I must call attention 
to some interesting grits which during the last few years have 
been struck in deep borings. In the London district a red 
sandstone, in some places conglomeratic, has been found under- 
lying sundry members of the Mesozoic series. Some have 
thought this of Triassic age, but inasmuch as it is very doubtful, 
as we shall presently see, whether the coarser beds of the Triassic 
formations extended so far to -the east, and the dip of the red 
beds in the well at Richmond agrees better with that of the 
Paleozoic rocks in other parts of the buried ridge, I think these 
sandstones more probably older than any part of the Mesozoic 
series, perhaps not very far away from the base of the Carboni- 
ferous. Inthe boring at Gayton, in Northamptonshire, Lower Car- 
boniferous rocks were succeeded by reddish grits and sandstones. 
The finer beds much resembled the ordinary Old Red Sandstone, 
and, like it, suggested a derivation from fairly coarse-grained 
crystalline rocks. But of the origin of one rock, a quartz-feldspar 
grit, there can be little doubt. I may briefly describe it as very 
like the Torridon sandstone of Scotland, except that the cement 
is calcareous. I do not, indeed, claim for it a like antiquity, for 
I think it far more probably about the age of the lowest part of 
the Carboniferous series ; but it, too, must have been derived 
from granitoid rocks. While some of the grains are fairly well 
rounded, others, especially of feldspar, as in the Millstone 
grit of South Yorkshire, do not seem to have travelled 
very far. 
fermian.—The sandstones of the northern area belonging to 

this formation do not, as far as I have been able to ascertain, 
afford us much information. Quartz grains, of course, abound, 
but as they are rather small, it is not possible to be sure whether 
they have been primarily derived from a granitoid rock or a 
schist. The former, however, appears to me the more probable 
source. ‘They also contain fragments of feldspar still recognisable, 
flakes of mica, and possibly a little schorl. The frequent occur- 
rence of crystalline quartz as a secondary formation in these 
sandstones is a point of much interest, but has no relation to my 
present inquiry. The breccias near Appleby, Kirkby Stephen, 
&c., which I have not seen, indicate that at this time not distant 
masses of Carboniferous limestone, and of earlier Palzeozoic 
rocks, were undergoing denudation; but it appears to me im- 

probable that the finer materials of the sandstones were furnished 
by any rocks in the vicinity. 

The Permians of the central area offer a rich field for future 
work. For the materials of the sandy beds I should conjecture 
a distant source, but for the pebbles in the conglomerates, and 
the fragments in the breccias, we need not travel very far afield. 
The Lower Carboniferous Measures contributed limestone and 
chert, the former being especially abundant in the conglomerates, 
but the ‘‘ vein-quartz, jasper, slates, and hornstone,” mentioned 
by some observers, indicate that yet earlier rocks furnished their 
contingent, while of the igneous materials I will speak directly. 
I shall pass very briefly over the breccias, so well displayed, for 
instance, on the Clent and Lickey hills, at no great distance 
from this town, because I trust we shall have presented to us, in 
the course of this meeting, a sample of the rich harvest which is 
awaiting explorers. Earlier investigators looked towards Wales 
for the origin of these fragments ; we shall, I believe, learn that 
the majority are more probably derived from rocks, which, though 
now almost hidden from view, exist atno great distance. Some of 
the more compact traps may have come from the old rhyolites, 
which, by the labours of your geologists, have been detected 27 sttu 
beneath the Lickey quartzite, while we may venture to refer the 
‘red syenite” and ‘‘red granite” to outcrops of crystalline 
rocks of Malvernian age. These breccias have been regarded as 
proving the existence of glaciers in the Lower Permian age. It 
is, of course, possible that floating ice has been among the agents 
of transport, but after carefully examining the specimens in the 
museum of the Geological Survey on which glacial striz are 
asserted to occur, I am of opinion that the marks are due to 
subsequent earth-movements. On only one specimen did I 
recognise glacial striation, and this pebble is so different from 
the rest that I think it must have come from drift, and not from 
the Permian beds. 

No less interesting are the Permian breccias of Leicestershire. 
These have attracted the attention of an indefatigable local 
geologist, Mr. W. S. Gresley, and to his kindness I am indebted 
for the opportunity of examining both rock specimens and slices. 
As might be expected, fragments, which I have no hesitation in 
referring to the Charnwood series, are not wanting, though 
hitherto they have not occurred in any abundance; but perhaps 
the most interesting member is a tolerably hard conglomerate, 
containing rather abundantly pebbles of a speckled grit and ofa 
compact ‘‘ trap.” Microscopic examination of this conglomerate, 
which varies from a fairly coarse puddingstone to a grit, shows 
that the above-named speckled grit is composed of small and 
rather angular fragments of quartz, associated with grains of 
brownish and greenish material, which may be in some cases 
decomposed bits of a rather basic lava, in others possibly a 
glauconite of uncertain origin. But the ‘‘trap ” pebbles are yet 
more interesting. These are the more numerous, and are com- 
monly well rolled. They probably belong, roughly speaking, 
to one species, but exhibit many varieties. In a single slide I 
have seen at least six, perfectly distinct. Some are indubitably 
scoriaceous, others full of microliths of a plagioclastic feldspar, 
others almost black with opacite, others mottled brown devitri- 
fied glasses, more or less fluidal in structure. Probably they 
belong to the andesite group, with a silica percentage not very 
far away from sixty. In none have I observed any signs of 
crushing or cleavage, so that I cannot refer them to the Charn- 
wood series, but conjecture that they are relics of volcanoes 
later in age than the great earth movements which affected that 
series, though I cannot connect them with the more basic post- 
Carboniferous outbreaks of which we have indications at Whit- 
wick and elsewhere. Quartz grains also occur, and some of 
these exhibit a rather peculiar *‘ network ” of cracks which is 
characteristic of this mineral in the rocks of Peldar Tor, Sharpley, 
&c., and one such grain is attached to a fragment of minutely 
devitrified rock. Hence, as shown by larger fragments, the 
Charnwood series has contributed to the materials of this con- 
glomerate, but the more abundant appear to have been derived 
from volcanic vents, the locality of which is at present 
undiscovered. ? 

Trias.—Vhe Bunter beds and the lower part of the Keuper 
consist of more or les; coarse materials, while in the remainder 
of the latter such deposits are rare and local. Hence it is evi- 
dent that after the deposition of the Keuper sandstones a very 
different set of physical conditions prevail. The lower series 
consists of sandstones and conglomerates ; these beds occur in 

1 I pass by the interesting pebbles of hematite, which have received special 
attention from Mr, Gresley. 
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considerable force on the eastern side of the Pennine Chain, 
have a great development in Lancashire and Cheshire, and thin 
away towards the south-east, almost disappearing in eastern 
Leicestershire and in Warwickshire. As the Trias is followed 
southwards, along the valley of the Severn, the Bunter in like 
way dies out, while the Keuper marls may be traced on into 
Somersetshire and Devon. In that region also there is a grand 
development of the lower and coarser members. As might be 
expected, there are considerable differences between the lower 
Triassic deposits of the northern and southern areas, so that it 
will be convenient to speak of them separately. The northern 
group, as is well known, is separable in the Midland and_north- 
western district into the Lower Bunter sandstone, the Pebble- 
beds, and the Upper Bunter sandstone, over which come, more 
or less unconformably, the Keuper sandstones. Pebbles are 
either absent from, or very rare in, every part of the Bunter 
except the pebble-bed, and are generally small and scarce in the 
Keuper sandstones, except inthe basement breccias. It will be 
convenient to make a few remarks on them before dealing with 
the associated sands and sandstones. The pebbles in the Bunter 
conglomerate are most abundant, and generally attain the largest 
size in the Midland district. Towards the north-west, though 

the conglomerate attains a thickness of more than 500 feet, 
pebbles are rarer and smaller, and this, I believe, is also the 
case in Yorkshire, though the thickness of the deposit is not so 
great. I can, however, answer for the occurrence of pebbles of 
fair size and in considerable abundance for some distance to the 
north of Retford. In the Midland district they are very fre- 
quently from about 2” to 4” in diameter, though smaller are inter- 
mingled and occasionally some of large size ; these attain in 
certain localities to a diameter of 6”, or even a little more. The 
majority, as far as I know, are well rounded. In this district 
many different kinds of rock are found in the conglomerate ; the 
most abundant are quartzose—vein-quartz, quartzites, and hard 
grits or sandstones. Besides these we find chert and limestone 
from the Carboniferous series, various fossiliferous rocks of 
Silurian, Ordovician, and possibly Cambrian age, with mud- 
stones and argillites, more or less flinty, of uncertain date. 
Feldstones, using the term in a wide sense, are not rare, and 
granites or granitoid rocks sometimes occur. These, however, 
together with the scarce fragments of gneiss and schist, are usu- 
ally very decomposed. A hard quartz-feldspar grit, sometimes 
very like a binary granite, may be found, and I have noticed 
a peculiar black quartzose rock of rather schistose structure. As 
the lithology of the Bunter conglomerate has already attracted 
the notice of more than one author, I shall restrict myself to a 
brief mention of its more salient features. The most abundant 
rock is a quartzite, frequently so compact as to give a rather 
lustrous sub-conchoidal fracture, in which the individual grains 
can be with difficulty distinguished. In colour it varies mostly 
from white to some tint of grey, but is occasionally “liver- 
coloured.” Rather obscurely marked annelid-tubes are the only 
organic indications which I have observed in these quartzites, 
and these are very rare. Under the microscope the rock con- 
sists chiefly of quartz fragments, of various forms in different 
specimens, with an occasional fragment of feldspar (sometimes, 
I think, silicified), a flake of white mica, a grain of tourmaline, 
and of an impure epidote (?). Asa rule it is easy to distinguish 
this quartzite from the other indurated arenaceous rocks which 
occur in the conglomerate, especially from those containing 
fossils. 

The above-described quartzites differ in appearance both 
macroscopically and microscopically from those of Hartshill, the 
Lickey, and the Wrekin district, but they closely resemble the 
most compact variety, which I have already described as occur- 
ring in boulders in coal. They have also an extraordinary like- 

ness to quartzite pebbles in Old Red Sandstone and Lower Car- 
boniferous conglomerates of Southern Scotland and to the 
quartzites of the Northern and Western Highlands, already 
described, a liver-coloured variety of which, as I have been in- 
formed, occurs in the island of Jura. These quartzite pebbles, 
to my knowledge, may be traced into Lancashire on the one 
side of the Pennine Chain and to beyond Retford on the other. 
The quartz-feldspar grit consists mainly of quartz and feldspar, 
obviously the debris of granitoid rock. I have found it at 
various localities on the northern margin of Cannock Chase, and 

_ have received specimens from the Bunter beds near the Lickey 
and near Nottingham. The rock, macroscopically and micro- 
scopically, presents an extraordinary resemblance to the 
Torridon sandstone of North-West Scotland, and differs from 
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every other rock which I have seen 27 sé in any other part of 
Britain. The nearest approach to it is the quartz-feldspar grit, 
already mentioned as having been struck in the Gayton boring, 
Northamptonshire, but this has a calcareous cement. The feld- 
stones vary from micro-crystalline to glassy rocks more or less 
devitrified, some being slightly scoriaccous. They may be 
classified lithologically as quartz-felsites, rhyolites (more or less 
devitrified), quartz-prophyrites, porphyrites, and old andesites. 
Some specimens contain a considerable amount of tourmaline, 
and I have seen this mineral in the vein-quartz pebbles. It also 
occurs rather abundantly in a very hard, black quartzose grit. 
I have received varieties of feldstone, which I have found on 
Cannock Chase, from the Bunter beds of the Lickey and from 
Nottingham. In Staffordshire pebbles of granitoid rock, gneiss, 
and schist are not only rare, but also generally too rotten to 
admit of examination; but I found a few months since, in the 
conglomerate at Style Cop, near Rugeley, two pebbles of a 
whitish gneiss, which appeared to me to indicate a secondary 
cleavage-foliation, such as may be observed in many parts of the 
Scotch highlands. The black quartz-schist already mentioned 
exhibits a peculiar ‘‘squeezed-out” structure, which ordinarily 
indicates that the rock has undergone great pressure. 
The sandy matrix and associated sandstones of the conglomerate 

beds, together with those of the Upper and Lower Bunter, and 

of the Lower Keuper, consist mainly of quartz grains, most of 

which appear to have been derived originally from granitoid 

rocks. They are often more or less angular, but at certain 

horizons, as described by Dr. Sorby, Mr. Phillips, Mr. G. H. 

Morton, and others, well-rounded grains are so abundant as to 

suggest an exposure to the action of the wind, They are often 

stained red with iron peroxide, and mixed with more or less 

earthy matter. In Cheshire and Lancashire recognisable grains 

of feldsrar have been noticed by Mr. Morton and others, and 
probably this mineral is, in most cases, the source of the 
argillaceous constituents which are often intermingled with the 

quartz grains. Flakes also of white mica are sometimes rather 

common. Sofar as I have been able to judge, distinct grains of 

rolled feldspar are commoner in the north-western district than 

in Staffordshire, where, however, mica-flakes are sometimes rather 

abundant. 
The Keuper sandstone seems to me to differ from the above 

only in the general absence of the red colour, and in‘a more even 

bedding, especially towards the upper part (the waterstones), 

where they are interbedded with the marls. The appearance of 

these last suggests that the currents were gradually losing strength, 

and only capable of transporting the finer feldspathic detritus with 

occasional tiny plates of mica. 
The lithology of the lower part of the Trias in the southern 

area is as yet imperfectly worked out, and a rich harvest awaits 

the student. My own knowledge of it is but superficial, so that 

I must pass it by with a brief notice. The great beds of breccia, 

so finely exposed on the South Devon coast, are crowded with 

fragments, sometimes of large size; these have clearly been 

derived from the older rocks which are still in part exposed to 

the west and south-west, and probably had once a much greater 

extension in the latter direction. Fragments of Devonian lime- 

stone, grits, and slate, together probably with other Paleeozoic 

rocks, earlier and later, are mingled with granites, resembling 

those of Cornwall and Devon, and many varieties of more com- 

pact igneous rock. The fossiliferous quartzite pebbles which 

occur mingled with others in the Trias at Budleigh Salterton, 

have been discussed by the late Dr. Davidson in an exhaustive 

memoir (‘British Fossil Brachiopoda,” Jem. Palaont. Soc. vol. 

iv. p. 317). _ He refers the majority of the fossils obtained from 

them to the Lower Devonian age, but a few are Caradoc, and 

four occur in France in beds which are either Llandeilo or per- 

haps a llttle older. As the first two formations are represented, 

lithologically and palaontologically, on the opposite side of the 

Channel in France, and the third is at presentgonly known to 

occur in the Gres Armoricain of that country, he thinks it 

probable that these pebbles have been derived from rocks which 

are now concealed beneath the waters of the Channel. It may 

then, I think, be taken for granted that land to the west and 
south-west has supplied the materials of the Lower Trias of the 
southern district of England, and I may add that there is every 
reason to believe that outliers of the formation itself still exist 
beneath the sea. 

The so-called dolomitic conglomerates, which occur chiefly in 

2 In an excellent paper published in the Proceedings of the Liverpool 
Geological Society, vol. v. p. 52+ 
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Somersetshire, have been so fully worked out by Mr. Etheridge 
and Mr. Ussher as to require but a passing notice. It is evident 
that they differ somewhat in date, though probably all may be 
referred to the age of the Keuper, and that they are local breccias 
or conglomerates formed around the margin of islands or on a 
continental coast-line during a gradual subsidence and in com- 
paratively quiet waters. 
Jurassic.—Coarse detrital material is not very common in the 

Jurassic series. The limited Rhetic beds indicate a transition 
from the peculiar physical conditions of the Keuper to the marine 
conditions of the Lias, and the sediment in them was probably 
derived from the same source as the Keuper marls. Great clay 
beds also occur, as is well known, throughout the Jurassic series ; 
and the sandstones, so far as I have been able to examine them, 
do not enable me to offer any sugzestions as to their origin. Pro- 
bably some of the grains were originally derived from granitoid 
rocks, but they may have been directly obtained from other 
sandstones. <A grit, however, in the estuarine series of the lower 
oolites of Yorkshire (Mr. Phillips’s collection) looks as if it 
might. have been partly derived from a schist, but as this is the 
only rock from the northern area which I have had the 
opportunity of minutely examininz, it would be imprudent to 
speculate. 

Neocomian-Cretaceous.—I have examined very few specimens 
from the fresh-water Neocomians of the south of England, but, 
so far as I have seen, I should think it probable that the quartz 
had been derived from old crystalline rocks, though perhaps not 
immediately. The same remark applies to the sands of the 
upper and marine series, which, in one instance at least, exhibit 
exceptionally rounded contours.! Among these, however, con- 
glomeratic beds occur which have already attracted some 
attention. It is obvious that no small part of the materials, as 
at Farringdon, Potton, and Upware, has been derived from 
fossiliferous secondary rocks of earlier date. There are also 
pebbles of vein-quartz and quartzite which, however, may have 
heen obtained by the denudation of ‘Triassic rocks. The 
‘Lydian stone,” which is abundant in angular or subangular 
fragments at Potton and Upware, is for the most part chert 
from the Carboniferous Limestone, or in some cases from Jurassic 
rocks, but a few specimens may be flinty argillites, and thus of 
greater antiquity. One or two pebbles of older Palzeozoiec rock 
have been found, and a hard quartz grit has occurred, containing 
among its grains minute acicular crystals, probably of tourmaline. 
Potton has furnished one or two pebbles which appear to be a 
devitrified pitchstone, and a large pebble of porphyritic quartz- 
felsite has been sent to me by Mr. Willet from Henfield (Sussex). 
These conglomerates, together with others in the Upper Neo- 
comian of England, have been so fully described by Mr. Walter 
Keeping (Geol. Mag. Dec. 2, vol. vii. p. 414), that I need not 
enter into further details, though I am well aware that the subject 
is by no means exhausted. 

For a like reason I may pass briefly over the remarkable 
erratics found in the Cambridge greensand (Sollas and Jukes- 
Browne, Q. ¥. G. S. vol. xxix. p. 11). They occasionally 
slightly exceed a cubic foot in volume, but are generally smaller. 
Among them are diverse sandstones and grits, probably Palzo- 
zoic, granite, gneiss, various schists, quartzites, and slates, besides 
greenstone, a very coarse gabbro or hypersthenite, and a com- 
pact feldstone. I think it highly probable that many of these 
erratics came from the north, in some cases almost certainly from 
Scotland, and were transported by ice, though I am not satisfied 
that any exhibit true glacial striz. In the south of England a 
boulder of old quartzose rock, perhaps a piece of a coarse quartz- 
vein, crushed and re-cemented, has been found by Mr. J. S. 
Gardner in the gault, and in the chalk we have the well-known 
cases of the granitic rock and other boulders at Penley, near 
Croydon, and of coal (Wealden or Jurassic) in Kent (Godwin- 
Austen, 0. ¥. G. S. vol. xvi. p. 327). Mr. Godwin-Austen 
describes other instances of pebbles in chalk, and I have received 
two or three small specimens from Mr. W. Hill, from about the 
horizon of the Melbourne rock, which, however, have not yet 
thrown any light on the subject. 

Locene.—Previous writers have called attention to the fact that 
the sand of the Thanet, Oldhaven, and Bagshot beds is mainly 
composed of quartz. This is abundantly confirmed by my own 
observations. So far as I have seen, in all these the grains are 
not, as a rule, conspicuously rounded. It can hardly be doubted 

* Prof. Rupert Jones has called attention to sand-worn pebbles in the 
Upper Tunbridge-Wells sandstone of the Weald (Geo/. Mag. Dec. 2, vol. v. 
p. 287). 
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that older sandstones or granitoid rocks lying to the west have 
furnished the materials of the Bagshot series, which still has so 
wide an extension in that direction ; their lithological similarity 
would lead us to took towards the same quarter for the materials 
of the more limited Oldhaven and Thanet beds. The well-rolled 
flint pebbles in the Oldhaven series, and in occasional layers in 
the Bagshot, suggest the proximity of a shore-line of Upper 
Cretaceous rocks. 

I have had no opportunity of adding to what has been written 
on the lithology ofthe limited Pliocene deposits in England, and, 
as stated at the outset, have excluded from the scope of this 
address all beds of later date. which have been so ably discussed 
by Mr. Mackintosh, Dr, Crosskey, and many other geologists. _ 

Principles of Interpretation 

In attempting to interpret the facts which I have enumerated 
we must bear in mind the following principles :— 

(1) Pebbles indicate the action either of waves of the sea,! or 
of strong currents, marine or fluviatile. 

(2) The zone in the sea over which the manufacture of peb’ Jes 
can be carried on is generally a very narrow one. It extends 
from the high-tide line to the depth usually of a few feet below 
low-water mark. It is estimated that as a rule there is no 
disturbance of shingle at a greater depth than twenty feet below 
the latter. It is therefore probable that a thick and very widely 
extended pebble bed is not the result of wave action. 4 

(3) The movement of the deeper waters of the sea asa rule 
is so slight that only the very finest sediment can be affected by 
it. Now and then great currents like the Gulf Stream, or more 
locally ‘‘races,”” may have sufficient power to transfer pebbles 
and sand, but instances of this will be exceptional, and confined 
to rather shallow water. The larger coast currents, however, 
may transport mud to considerable distances, but in directions 
parallel with the main trend of the shores. 3 

(4) Except where very large rivers discharge their water into 
the ocean, or in sorne special case of (3), sediment is deposited 
comparatively near the shores of continents. Even in the case 
of very large rivers only the finer sediment is carried far from 
land. The Challenger soundings have shown that 150 miles is 
about the maximum distance from land within which any im- 
portant quantity of detrital materials is deposited.? As a rule (so 
far as I can ascertain), the coarser sediments are generally 
deposited within a few miles of the coast. Hence this is fringed 
by a zone of sediment, which, after passing a maximum thickness 
within a short distance from the shore, gradually thins away. I 
doubt whether this detrital fringe is often more than seventy or 
eighty miles wide ; probably the coarser sands do not usually 
extend for so much as a quarter of this distance. The inertia of 
the mass of the ocean water quickly arrests the flow of even the 
mightiest river or reduces it to a mere superficial current. Hence 
the great ocean basins are regions where rock-building is carried 
on slowly and chiefly by organic agency. ‘Their borders bear 
the burden, and the load taken off the continent is laid down 
on the bed of the adjacent sea. 

(5) Thus rain and rivers are generally more important agents 
of denudation and transportation than the sea, because unless 
the land be rising or sinking the zone over which the latter can 
operate is limited both vertically and horizontally. 

(6) The coarser materials of rock are capable of being trans- 
ported by streams to considerable distances without serious 
diminution of volume. Prof. Daubrée has proved experimentally 
that a stream flowing at the rate of about two miles per hour 
would roll angular fragments of quartz or hard granite into 
perfectly smooth pebbles after a transit of 25 kilometres 
(15% miles). During this process the fragments lost about four. 
tenths of their weight. Further transport reduced the volume of 
the pebbles very slowly. The loss afterwards varied from 1/1 
to 4/1000 per kilometre. To reduce a pebble of 2 inche: 
diameter to 1 inch diameter—that is, to diminish its volume 
by seven-eighths—would require a journey of from about 219 to 
875 kilometres (approximately from 137 to 548 miles). Thi 
approximation, rough as it is, becomes still less exact as the 
pebbles decrease in size ; the rate of diminution in volume (ceter 
paribus) bearing a relation to the area of the surface. Thus thi 
smaller the pebble the further it will travel without materia 
diminution of size. Sand grains are even rounded with extreme 

X The waves of lakes also have some rounding effect, but this—excep' 
in the case of very large lakes, such as Lake Superior—is not important ; 
and such cases are, of course, not of common occurrence. | : { 3 

2 LT except floating pumice, cosmic dust, &c., as comparatively unimportan' 
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slowness. According to the same author a quartz grain 1/50inch 

in diameter requires to be transported by water action some 

3000 miles before losing its angles. On this account the presence 

in asandstone of numerous well-rounded grains is taken to indi- 

cate the action of wind, for, as is well known, blown sands are 

much more quickly rounded.? 
(7) Thus deposits of gravel and coarse sand, of considerable 

vertical thickness and great extension, are more likely to indicate 
the immediate action of a river than of a marine current. If 
limited in extent they may have been formed at the embouchure 
of ariver into a lake orsea. If, however, they can be traced 
for long distances, they are more probably in the main sub-aérial 
deposits from rivers. 

The following examples may convey some idea of the kind of 
river which would be required to transport the more important 
deposits of grits and stones mentioned in the first section of this 
address :— 

The old river-gravels of the Sierra Nevada are ‘‘in some 
places 300 or 400 feet thick and almost homogeneous from top 
to bottom,”’ sometimes they even obtain a thickness of 600 feet. 
Mr. Whitney is of opinion that the fall in these old river channels 
was probably from roo to 130 feet per mile. Apparently, how- 
ever, we need not invoke so large a fall as this. The total fall 
of the Danube is 3600 feet, and its length 1750 miles. From 
Passau to Vienna the fall is 1 in 2200, from Vienna to Old 
Moldava 1 in 10,000. Yet the velocity of the current from 
‘Vienna to Basias (fifteen miles above Old Moldava) is ‘‘ from 
two to three knots an hour,” depending on the amount of water. 
This would suffice to transport pebbles of the average size of the 
English Bunter. Below the Iron Gates the fall is still less rapid, 
but sand is carried down for a very considerable distance. If 
then the rivers of the old continental land resembled the larger 
streams of Europe, they would suffice for the transport of the 
materials with which we have dealt, especially if aided by coast 
currents after the debris had reached the sea. 

(8) If boulders occur in a matrix consisting of fine mud, or 
mainly of organic material, they must (unless they are volcanic 
bombs) have floated thither either attached to large seaweeds or 
entangled in the roots of trees, or supported by ice. If they are 
rather numerous and a foot or more in diameter, in a marine 
deposit, the last is the most probable mode of transport. A cubic 
yard of ice will more than suffice to float a cubic foot of average 
rock, 

Conclusion 

The facts already mentioned, regarded in the light of the 
above principles, justify, in my opinion, the following inferences 
as to the past physical geography of our country. At the com- 
mencement of the Cambrian period great masses of Archean 
rock, granites, gneisses, and schists, must have existed, not only 
on the western side of Britain, but also over a considerable tract 
of land now coyered by the sea. Detritus from this continent 
became an important constituent in the Cambrian rocks, and in 
many cases, as at St. David’s, in Anglesey, Carnarvonshire, &c., 
the shore-line must have been very near at hand. With the 
Cambrian period commences a long-continued subsidence, so 
that its basement beds at different places are very probably not 
all of quite the same age. The land surface was from the first 
irregular, and it is very probable that waves of the sea were 
fretting away some parts, while rain and river, heat and cold, 
were still sculpturing others. But among the materials of the 
ancient land were not only granitoid rocks, gneisses, and schists, 
but also newer strata more distinctly of clastic origin, memo- 
rials of past denudation—quartzites and grits, phyllites and 
slates, not to mention others—and these, by their intimate struc- 
ture, sometimes indicate that great earth-moyements must have 
already occurred.” In many localities, perhaps as a result of 
these disturbances, there occurred, towards the conclusion of the 
Archean period, great volcanic outbursts—by which, no doubt, 
numerous cones were built up, and many of the materials of the 
so-called Pebidian group were supplied. It is, I think, at present 
hardly safe to attempt to trace the exact land boundaries of 
the Cambrian ocean, but the enormous masses of Archzan 
material which are entombed in the earlier Paleozoic strata of 
Wales and of North-West Scotland can, I think, only be ex- 
plained by the proximity of a great continental land—an extension 

* See on the subject of this paragraph Daubrée, ‘‘ Géol. Expériment.,” 
S vol. i. sec. 2, ch. i., and J. A. Phillips, Q. 7. G. S., vol. xxxvii. p. 21, &e. 

AItis evident, for instance, that the north-west strike, and other effects of 
folding, had been produced in the Hebridean series of North-West Scotland 
before the Torridon sandstone was deposited. 

| of the present Scandinavian peninsula—which not improbably 

had a general slope towards the south-east, the main watershed 

of which may have lain some distance to the west of the Outer 
Hebrides.!. But even over the more central parts of Britain 
there cannot have been deep or open ocean, We are con- 
stantly coming upon the traces of pre-Cambrian and early 
Cambrian land; some of our Mid-England Archean masses, 
like the Malverns, appear to have risen above the water, and 
to have undergone denudation after the great earth-movements 
which ushered in the Silurian period. Prior to this, after a time 

of repose in the Cambrian, at more than one epoch, and in more 
than one place, there were great volcanic outbursts, which ap- 
pear to have studded the sea with volcanic islands, and to have 
added to the heterogeneous materials from which the sediments 

were now formed. It is evident that in Silurian times the coast- 
line had extended southward and eastward. The coarse deposits of 
this age, in Wales, the Lake district, and Southern Scotland, com- 

ared with the finer mudstones and limestones of the Welsh border 
and of England, seem fully to bear out this assumption, which is in 
accordance witha well-known law of mountain-making. The Old 
Red Sandstone of Scotland and of Wales indicates a yet further 

continental extension towards the south-east. A great epoch 
of mountain-making in the Scotch highlands, which had per- 
haps been going on at intervals from the beginning to the end of 
the Silurian period, had now come to an end ; the southern up- 
jands had risen up, like a Jura to the Alps. But probably 

their elevation did not terminate the earth-movements, for the 

post-Silurian cleavage of the Lake district, and the absence of 

Old Red Sandstone both here and in Central England indi- 

cate that the Palzeozoic land mass continued to extend on its 

south-eastern flank. The Devonian period introduces us in the 

greater part of Great Britain to an epoch of limited and excep- 

tional deposits, and of widely prevalent terrestrial conditions. 
It seems almost certain that the Old Red Sandstones of Scotland 
and Wales are of fresh-water origin—the deltas of rivers, formed 

either in lakes or possibly in part as sub-aérial deposits. Streams 

of considerable volume and of some strength are indicated by 

the materials. In one case, the Old Red Sandstone of North-East 

Scotland, we may perhaps discern in the Great Glen some indi- 

cation of the old river course. Itis easy to ascertain the source 

of the materials of the Scottish Old Red Sandstones. They are 

as obviously the detritus of the Highland mountains—then pro- 
bably a far grander and loftier chain—as the nagelflue and the 
molasse of Switzerland are of the Alps. 

At this time marine conditions prevailed in the south of Eng- 

land. The sea appears to have deepened towards the south, 

but I suspect that a region of crystalline rock still existed at no 

great distance in that direction and in the west. Probably the 

Brito-Scandinavian peninsula curved round to the east so as to 

include some part of Brittany.” Another great epoch of subsidence 

now commenced, commemorated by the formation of the Car- 

boniferous limestone. At this I need hardly glance, as it has 

been so fully discussed by Prof. Hull and other writers. The 

land sank both in the north and in the south of England. There 

was deep sea over Derbyshire and Southern Wales, but the 

ground beneath our feet probably remained above water, forming 

either a continental promontory or a large island. 

There were other well-known interruptions to the sea, which 

also overflowed a considerable part of Ireland and districts far to 

the east of England. The Scotch highlands, however, probably 

remained above water, for, as is well known, the Carboniferous 

limestone of Central Scotland overlies a fresh-water formation, 

and is itself not wholly marine, since it contains coal, and like 

conditions prevailed in Northumberland. 

Gradually, however, the sea shallowed, and terrestrial con- 

ditions returned. In the later part of the Carboniferous series 

we have clear indications of two, or perhaps three, important 

currents, almost certainly those of rivers, bringing materials, in 

the southern district from the west; in the northern, from the 

north-west and probably the north-east. These materials may 

have been in part derived from older Palaeozoic rocks, but the 

facts when fairly considered seem to indicate that there was also 

an extensive denudation of crystalline and not improbably 

Archzan rocks, unless we suppose that great areas of eruptive 

Palzeozoic granite have now disappeared beneath the waters. At 

any rate, we may perhaps regard the open water between Ireland 

1 Possibly the comparatively rapid deepening of the Atlantic beyond the 

too-fathom line may have some relation to the western outline of this 

primeval Atlantis. _ ys 
2 Compare, as an illustration, 

western side of Italy. 

the curving round of the Alpine chain on the 
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and Scotland on the one hand, and to the east of the latter 
country on the other, as significant of a denudation earlier than 
that of the sea which has in later times divided the British Isles. 
Another epoch of carth-movements closed—as was to be expected 
—the Carbonilerous subsidence and deposition. We trace one 
line of flexures and of intens: compression along a broad 
zone, including the south of England, from Germany to Ireland ; | 
another less intense over the northern part of our country ; the 
axes of the former flexure striking a little north of west, of the 
latter about west-south-west. The one appears to me to indicate 
a thrust from a great mass of hard, more or less crystalline rock 
in the south, which probably led to the formation of a mountain- 
chain extending from North-Central Europe over the Channel to 
the southern margin of England. The latter may be explained 
by the presence of th: above-named north-western continent. 

In the Perauan time terrestrial conditions probably prevailed 
over a large partof Britain. It is extremely difficult to ascertain 
the exact circumstances under which the Permian beds of Cen- 
tral England were deposited, but I should thiak they imply a 
return to physical conditions not unlike those of the Old Red 
Sandstone, though perhaps the marine fossils which have been | 
found in Warwickshire may indicate that the water there had | 
some imperfect connection with the sea. I must not discuss the 
vexed question of the age of the Pennine Chain, but must con- 
tent myself with expressing my opinion that, at most, it can 
only, as yet, have very partially interrupted the continuity of the 
water in Northern England. The beds there appear to indicate 
a supply of materials from the north and north-west, as if the 
old rivers had not been wholly diverted by the great earth-move- 
ments which closed the Carboniferous period. Sir A. Ramsay’s 
view, that the water in which the dolomitic limestone was de- 
posited was more or less cut off from the open sea, seems to me 
by no means improbable ; in any case, it is a rather exceptional 
formation, and over the greater part of Britain, probably, land 
sculpture continued, and deposition was on the whole local. 

With the Trias a new era commences ; physical features had 
been now produced, which in all probability endured through a 
considerable part of Mesozoic times. The facts which I have 
laid before you, regarded in the light of the general principles 
indicated above, compel us to look away from the immediate 
vicinity for the bulk of the materials, coarse and fine, of which 
the northern ‘lrias is composed, though neighbouring hills may 
have furnished occasional contributions, especially to the earlier 
deposits. The analogy of the Old Red Sandstone, the Calciferous 
Sandstone of Scotland, and the Nagelflue and Molasse of Switzer- 
land, together with other peculiariti s too well known to need 
repetition, make it in the highest degree probable that the Bunter 
beds were not deposited in the ocean.! Hence they must be 
either deltas formed in an inland sea or in a lake, or true fluviatile 
deposits. Neither lake nor inland sea ap,ears likely to have been 
sufficiently large to admit of waves or currents capable of either 
rounding the pebbles or transporting the materials. We are 
therefore compelled to fall back upon the action of rivers. The 
sandy beds of the Bunter indicate a stream flowing from one- 
third to half a mile an hour, the pebbles one from two to three 
miles; that is to say, the Upper and Lower Bunter sandstones 
would require the former rate of movement, the Pebble Beds the 
latter. Now, we must remember that, in the West-Central dis- 
trict, the Lower Trias consists of three wedge-like masses, about 
a hundred wiles in length, of which the coarser is probably the 
more extensive. ‘The comparative uniformity of the deposits in 
each case indicates a uniformity of flow, and suggests either a 
large and broad stream, not liable to much variation, or one 
which, when flooded, quickly made a channel of its valley, and 
deposited mainly at such season. I have the greatest difficulty 
in understanding how a current of the requisite velocity could be 
maintained by the water of a river or rivers flowing into a lake 
or an inland sea, or in explaining the tripartite arrangement of 
the beds on the hypothesis that a basin was gradually filled up from 
the northward by astream which, like the Rhone at the upper end 
of the Lake of Geneva, gradually advanced its delta by flowing 
over the materials which it had previously deposited in the basin. 
Hence I believe that we must regard the Bunter beds as sub- 
aerial deltas, analogous to the conglomerates in the Siwalik 
deposits of India, and to the sandstone and nagelflue on the 

1 Compare also the Bunter and Keuper in the region traversed by the 
German Rhine. 

2 The analogy of the Indian conglomerates was suggested to me by Dr. 
Blanford. See Geol. Mag. Dec. 2, vol. x. p. 514. 
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outer zone of the Alps, deposits in all respects very similar to the — 
English Bunter. We may suppose, then, that rivers emerging j 
on each side of the Pennine Chain from a mountain land first 
formed the Lower Bunter sandstones, then, owing to increasing . 
upheaval in the mountain district, and corresponding depression 
in the lowlands, flowed more swiftly so as to cover this deposit 
with the Pebble Bed, and lastly, as its former conditions returned, 
laid upon this the Upper sandstones. I have spoken, for the sake 
of clearness, as if these were perfectly distinct formations, but it 
would by no means follow that some part of the finer beds 
to the south-east might not be contemporaneous with a por- 
tion of the coarser beds to the north-west, as the velocity 
first increased, and then diminished. As I have already said, 
the materials of the pebbles and of the sand make it im- 
possible to refer the main constituents to local sources. 
Many of the rocks do not exist in the Midland; there is 
no reason to suppose that at that time there were in this region 
masses of land of sufficient area and height to feed important 

From currents of any other kind we are precluded, so 
that I believe we may safely turn our eyes northward and look 
for the ultimate source of the Triassic sandstones and conglo- 
merates among the older rocks of the Scotch highlands, and 
their extension to east and to west, though very probably the 
materials may have been more directly supplied from Old Red 
Sandstone and early Carboniferous strata, in remnants of which 
identical fragments may still be seen, In like way we may re- 
gard the Trias of the south of England as the detritus of at least 
one great river, which flowed from the west or south-west. The 
materials of the Keuper came from the same directions in each 
case, but here, I think, we have indications of deposition in an 
inland sea. Breccias formed on its coasts, and sands were at first 
deposited in it; but presently the area of water increased, and the 
coarser materials must have been arrested in the uplands, while 
the fine sediment which forms the marls may have been carried 
out into the salt lake and slowly settled down in its calm waters.? | 
Its shores may have been hardly more favourable to a vigorous 
development of life than were its salt-saturated waters; during 
this period and the preceding Bunter the lowland border of the 
mountains, like some of the northern districts of India, may have 
been arid and barren regions of shifting sands. 

The Trias of Northern Scotland very probably indicates a 
repetition on a more restricted scale of the physical conditions 
of the Old Red Sandstone, but after this we observe signs of an 
encroachment of the Atlantic on the above-named old area of | 
continental land. 

The Jurassic series is represented in Northern Scotland on 
both the western and eastern coasts by marine or estuarine beds. 
This probably indicates important modifications in the river 
channels, subsidence on the west altering the slopes, reducing 
the length, and cutting away some of the feeding-ground. Traces 
may still be discerned in England of the two northern rivers, 
but that which in Triassic times was the larger contributor, 
appears in Jurassic to have been gradually enfeebled ; the other 
one and the south-western stream seem to have still flowed with | 
some strength. Sands, however, now become comparatively 
local. Probably the coarser materials, as a rule, did not reach 
the sea. This appears at all times to have been comparatively 
shallow and inclosed by land on every side but the south-east. 
The recent discovery of Oxford Clay beneath the Cretaceous 
beds at Chatham suggests that a narrow strait running in a 
northerly direction may have insulated the Palzeozoic rocks 

| 
| 

T Tt may be useful to give a rough idea of the quantity of rock which must 
have been denuded in order to obtain materials for the Bunter beds. Sup- 
pose, for purposes of calculation, we consider the Bunter beds, whic 
cover the district from the Cheshire coast to the Midland counties, as forming 
the section of a cone contained by two planes drawn through the axis so 
as to include an angle of 30. If be the height of this axis, and ~ the 

ah Take, radius of the base, the volume of this figure is for purposes 
36 

of rough calculation, =} mile, »=80 miles, r= 3; the volume is abcut 
133 cubic miles. Conceive this piled up to form a long mound, in section an 
isosceles triangle x mile high, with a base of 4 miles. The length would 
be over 65 miles. Thus the materials buried in the Bunter beds of the above- 
named district represent a chain of hills unfurrowed by valleys sooo feet 
high, 4 miles wide, and 65 miles long. Suppose the Pebble Bed, a like 
slice of a cone, axis one-tenti of a mile, base 70 miles 4 the volume is more 
than 4o cubic miles. Suppose the quartz and quartzite pebbles one-tenth 
of its volume; these represent a mass of 4 cubic miles, or a line of hills 
like the above rooo feet high, 2 miles wide, and 20 long. 

2 The lake may have gradually become salt, or possibly the Muschelkalk 
sea may have for a short space invaded Britain, and then have been 
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beneath the London district. The clays of the Lias, Oxfordian, 
and Kimmeridgian probably indicate a direct discharge of sedi- 
ment into the sea,! the limestones, depression sufficing to convert 
valleys into fjords, in the upper parts of which sediment was 
deposited so that the waters of the sea were clear. The deposits 
of the Purbeck and Weald indicate that the western river still 
drained an extensive area, and a gradual rise of land in later 
Jurassic times, especially towards the south, appears to have 
advanced the river delta eastwards, and to have limited the area 
of the Jurassic sea on the north. 

Towards the end of the Neocomian, owing to a widespread 
subsidence, the sea once more returned to South-Eastern England, 
and a communication appears to have been opened between it 
and the Speeton basin. This comparatively narrow strait was a 
region of considerable denudation and of strong and shifting 
coast currents.2,> The Cretaceous subsidence at first brought 
back physical conditions not very different from those prevalent 
in Oxfordian and Kimmeridgian times, but later on a very 
considerable depression must have so far submerged the northern 
continental land as either to break up the parts adjacent to 
Britain into groups of islands, or at least to flood the valleys so 
completely as to prevent any discharge of sediment into the sea. 
The erratics of the Cambridge Greensand suggest that a free 
communication into the northern ocean was established, anterior 
to the formation of the Chalk marl, through some part of the 
present interval between Scotland and Scandinavia, so as to set 
up a coast current with a southerly drift of shore ice near the 
eastern part of England; to this also may be due the erosion of 
the Cambridgeshire Gault. 

The larger part of Britain was dry land during the Eocene, 
though the sea after retreating appears to have again encroached 
over the southern and eastern districts of England. The sands 
may indicate that the western river again resumed its course ; # 
the extension of the London Clay up our eastern coast suggests 
that the northern river still flowed. But with the important 
disturbances which closed the Eocene and ushered in the con- 
tinental conditions of the Miocene—new flexures along the old 
east and west lines—the earlier physical features appear to have 
been finally obliterated, and the sculpture of the English low- 
lands began. ‘The tale of the volcanic outbursts of Western 
Scotland has been so well told by my friend and predecessor 
Prof. Judd that I need do no more than recallit to your minds. 
The Pliocene deposits of Eastern England indicate a new 
encroachment of the Franco-Belgian Tertiary sea. 

Thus ends my sketch, too lengthy, I fear, for your patience, 
yet too brief to: allow of a complete treatment of the subject. 

. It may, however, ‘suffice to indicate that in geology the ‘task 
of the least” is by no means despicable, and that great results 
may be hoped from apparently small means; that in this 
search for “ Atlantis through the microscope” we may find it 
very near at hand, and may discover analogies, as has been 
indicated in our President’s address, between the two borders 
of the ocean which severs Europe from America. An enlarged 
study of the materials of our Palaeozoic and later detrital rocks 
may indicate that from very early times there has been a recur- 
rence of similar physical conditions, and that in geology also 
a recurrence of effects indicates a recurrence of the same 
causes. The facts which I have brought before you have justified, 
I trust, my opening remarks as to the rich harvest which yet 
awaits investigations into the structure of the fragmental rocks, 
To resume the simile then used, I see the land of promise, 
stretching far away from beneath my feet, till it seems to melt 
into the dim and as yet unknown distance. Not speedily will 
its riches be exhausted. Our hands will long have vanished, our 
voices will long have been still, before the work of discovery is 
ended, and men have reached the shore of that circumfluent 
ocean which, at least in this life, limits their finite powers. 

7 The considerable distance to which the clays extend in a southerly 
direction may possibly indicate that, to the east of Scotland, a communica- 
tion had now been opened with the northern ocean, which had set up a 

~ current along the coast east of tte Pennine Chain. 
? Asthe Speeton beds continue to be clays, one would infer a drift from 

the south, but a current to the opposite direction would be more probable, 
and it is the opinion of Dr. Sorby that this was the case. His papers 
“On the Direction of the Currents indicated by the Coarse Sediments 
= = British Rocks’’ are most valuable (Yorks. Geol. Pol. Soc. v. 220, 

c.)- 
3 The occasional beds of flint pebbles indicate a neighbouring shore line 

of Cretaceous rocks rather than the denudation of beds of Cretaceous age, 
which had been deposited on parts of the western land during the period of 
depression. 

SECTION D 

BIOLOGY 

OPENING ADDRESS BY WILLIAM CARRUTHERS, PRES.L.S., 
F.R.S., F.G.S., PRESIDENT OF THE SECTION 

In detaining you a few minutes from the proper work of the 
Section, I propose to ask your attention to what is known of 
the past history of the species of plants which still form a por- 
tion of the existing flora. The relation of our existing vegeta- 
tion to preceding floras is beyond the scope of our present 
inquiry: it has been frequently made the subject of exposition, 
but to handle it requires a more lively imagination than I can 
lay claim to, or, perhaps, than it is desirable to employ in any 
strictly scientific investigation. 

The literature of science is of little, if any, value in tracing the 
history of species, and in determining the modification or the 
persistency of characters which may be essential or accidental to 
them. If help could be obtained from this quarter, botanical 
inquiry would be specially favoured, for the literature of botany 
is earlier, and its terms have all along been more exact than in 
any of her sister sciences. But even the latest descriptions, in- 
corporating as they do the most advanced observations of 
science, and expressed in the most exact terminology, fail to 
supply the data on which a minute comparison of plants can be 
instituted. Any attempt to compare the descriptions of Linnzeus 
and the earlier systematists who, under his influence, introduced 
greater precision into their language, with the standard authors 
of our own day, would be of no value. The short, vague, and 
insufficient descriptions of the still earlier botanists cannot even 
be taken into consideration. 

Greater precision might be expected from the illustrations that 
have been in use in botanical literature from the earliest times ; 
but these really supply no better help in the minute study of 
species than the descriptions which they are intended to aid. 
The earliest illustrations are extremely rude: many of them are 
misplaced ; some are made to do duty for several species, and 
not a few are purely fictitious. The careful and minutely exact 
illustrations which are to be found in many modern systematic 
works are too recent to supply materials for detecting any 
changes that may have taken place in the elements of a flora. 

But the means of comparison which we look for in vain in the 
published literature of science may be found in the collections of 
dried plants which botanists have formed for several generations, 
The local herbaria of our own day represent not only the 
different species found in a country, but the various forms which 
occur, together with their distribution. They must supply the 
‘most certain materials for the minute comparison at any future 
epoch of the then existing vegetation with that of our own day. 

The preservation of dried plants as a help in the study of 
systematic botany was first employed in the middle of the six- 
teenth century. The earliest herbarium of which we have any 
record is that of John Falconer, an Enzlishman who travelled in 
Italy between 1540 and 1547, and who brought with him to 
England a collection of dried plants fastened in a book. This 
was seen by William Turner, our first British botanist, who 
refers to it in his ‘* Herbal,” published in 1551. Turner may 
have been already acquainted with this method of preserving 
plants, for in his enforced absence from England he studied at 
Bologna under Luca Ghini, the first Professor of Botany in 
Europe, who, there is reason to believe, originated the practice 
of making herbaria. Ghini’s pupils, Aldrovandus and Cz.- 
alpinus, formed extensive collections. Caspar Bauhin, whose 
‘©Prodromus” was the first attempt to digest the literature of 
botany, left a considerable herbarium, still preserved at Basle. 
No collection of English plants is known to exist older than the 
middle of the seventeenth century ; a volume containing some 
British and many exotic plants collected in the year 1647 was 
some years ago acquired by the British Museum. Towards the 
end of that century great activity was manifested in the collec- 
tion of plants, not only in our own country, but in every district 
of the globe visited by travellers. The labours of Ray and 
Sloane, of Petiver and Plukenet are manifest not only in the 
works which they published, but in the collections that they 
made, which were purchased by the country in 1759 when the 
museum of Sir Hans Sloane became the nucleus of the now 
extensive collections of the British Museum, The most im- 
portant of these collections in regard to British plants is the 
herbarium of Adam Buddle, collected nearly 200 years ago, and 
containing an extensive series, which formed the basis of a 
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British flora, that unhappily for science was never published, 
though it still exists in manuscript. Other collections of British 
plants of the same age, but less complete, supplement those of 
Buddle: these various materials are in such a state of preserya- 
tion as to permit of the most careful comparison with living 
plants, and they show that the two centuries which have elapsed 
since their collection have not modified in any particular the 
species contained in them. The early collectors contemplated 
merely the preservation of a single specimen of each species ; 
consequently the data for an exhaustive comparison of the 
indigenous flora of Britain at the beginning of last century with 
that of the present are very imperfect as compared with those 
which we shall hand down to our successors for their use. 

The collections made in other regions of the world in the 
seventeenth century, and included in the extensive herbarium of 
Sir Hans Sloane, are frequently being examined side by side 
with plants of our own day, but they do not show any peculiari- 
ties that distinguish them from recent collections. If any 
changes are taking place in plants, it is certain that the 300 
years during which their dried remains have been preserved in 
herbaria have been too short to exhibit them. 

Beyond the time of those early herbaria the materials which 
we owe in any way to the intervention of man have been pre- 
served without any regard to their scientific interest. They con- 
sist mainly of materials used in building or for sepulture. The 
woods employed in medizyal buildings present no peculiarities 
by which they can be distinguished from existing woods ; neither 
do the woods met with in Roman and British villages and 
burying-places. From a large series collected by General Pitt- 
Rivers in extensive explorations carried on by him on the site of 
a village which had been occupied by the British before and 
after the appearance of the Romans, we find that the woods 
chiefly used by them were oak, birch, hazel, and willow, and 
at the latter period of occupation of the village the wood of the 
Spanish chestnut (Castanca vulgaris, Lamk.) was so extensively 
employed that it must have been introduced and grown in the 
district. The gravel beds in the north of London, explored by 
Mr. W. G. Smith for the palzeolithic implements in them, con- 
tained also fragments of willow and birch, and the rhizomes of 
Osmunda regalis, L. 

The most important materials, however, for the comparison 
of former vegetation of a known age with that of our own day 
have been supplied by the specimens which have been obtained 
from the tombs of the ancient Egyptians. Until recently these 
consisted mainly of fruits and seeds. These were all more or 
less carbonised, because the former rifling of the tombs had 
exposed them to the air, Ehrenberg, who accompanied Von 
Minutoli in his Egyptian expedition, determined the seeds 
which he had collected; but as he himself doubted the antiquity 
of some of the materials on which he reported, the scientific 
value of his enumeration is destroyed. Passalacqua in 1823 
made considerable collections from tombs at Thebes, and these 
were carefully examined and described by the distinguished 
botanist Kunth. He pointed out, in a paper published sixty 
years ago, that these ancient seeds possessed the minute and 
apparently accidental peculiarities of their existing representa- 
tives. Unger, who visited Egypt, published in several papers 
identifications of the plant-remains from the tombs ; and one of 
the latest labours of Alexander Braun was an examination of 
the vegetable remains in the Egyptian Museum at Berlin, which 
was published, afer his death, from his manuscript, under the 
careful editorship of Ascherson and Magnus. In this, twenty- 
four species were determined, some from imperfect materials, 
and necessarily with some hesitation as to the accuracy of their 
determination. 

The recent exploration of unopened tombs belonging to an 
early period in the history of the Egyptian people has permitted 
the examination of the plants in a condition which could not 
have been anticipated. And happily, the examination of these 
materials has been made by a botanist who is thoroughly ac- 
quainted with the existing flora of Egypt, for Dr. Schweinfurth 
has for a quarter of a century been exploring the plants of the 
Nile valley. The plant-remains were included within the 
mummy-wrappings, and, being thus hermetically sealed, haye 
been preserved with scarcely any change. By placing the plants 
In warm water, Dr. Schweinfurth has succeeded in preparing a 
series of specimens gathered 4000 years ago, which are as satis- 
factory for the purposes of science as any collected at the present 
day. These specin:ens consequently supply means for the closest 
examination and comparison with their living representatives. 

The colours of the flowers are still present, even the most 
evanescent, such as the violet of the larkspur and knapweed, 
and the scarlet of the poppy; the chlorophyll remains in the 
leaves, and the sugar in the pulp of the raisins. Dr. Schwein- 
furth has determined no less than fifty-nine species, some of 
which are represented by the fruits employed as offerings to the 
dead, others by the flowers and leaves made into garlands, and 
the remainder by branches on which the body was placed, and 
which were inclosed within the wrappings. 

[The following is a list of the species of ancient Egyptian 
plants determined by Dr. Schweinfurth; I am indebted to Dr. 
Schweinfurth for some species in this list, the discovery of which 
he has not yet published :—Delphinium orientale, Gay ; Coccu- 
lus Leaba, DC. ; Nymphaea caerulea, Sav.; Nymphea Lotus, 
Hook. ; Papaver Rheas, L. ; Sinapis arvensis, L., var. Allionii, 
Jacq. ; Merua uniflora, Vahl. ; Oncoba spinosa, Forsk. ; 
Tamarix nilotica, Ehrb. ; Alcea ficifolia, L.; Linum humile, 
Mill. ; Balanites egyptiaca, Del. ; Vitis vinifera, L. ; Moringa 
aptera, Gertn. ; Medicago denticulata, Willd. ; Sesbania egy pti- 
aca, Pers. ; Haba vulgaris, Moench; Lens esculenta, Mcench ; 
Lathyrus sativus, L.; Cajanus indicus, L.; Acacia nilotica, 
Del. ; Lawsonia inermis, Lamk. ; Punica Granatum, L. ; Epi- 
lobium hirsutum, L. ; Lagenaria vulgaris, Ser. ; Citrullus vud- 
garts, Schrad., var. colocynthoides, Schweinf. ; Apium graveolens, 
L. 3 Coriandrum sativum, L.; Ceruana pratensis, Forsk. ; 
Spheranthus suaveolens, DC.; Chrysanthemum coronarium, 
L. ; Centaurea depressa, M. Bieb. ; Carthamus tin:torius, L.-; 
Picris coronopifolia, Asch. ; Mimusops Schimpert, Hochst. ; 
Fasminum Sambac, L.; Olea europea, L.; Mentha piperita, 
L. ; Reumex dentatus, L. ; Ficus Sycomorus, L. ; Ficus Carica, 
L. ; Salix Safsaf, Forsk.; Funiperus phanicea, L.; Pinus 
Pinea, L.; Allium sativum, L. ; Allium Cepa, L. ; Phenix 
dactylifera, L. ; Calamus fasciculatus, Roxb. ; Hyphene the- 
baica, Mart. ; Medemia Argun, P. G. von Wiirtemb, ; Cyperus 
Papyrus, L.; Cyperus esculentus, L. ; Andropogon laniger, 
Desf. ; Lefplochloa bipinnata, Retz. ; Triticum vulgare, L. ; 
Hordeum vulgare, L. ; Parmelia furfuracea, Ach. ; Usnea pli- 
cata, Hoffm.] 

The votive offerings consist of the fruits, seeds, or stems, of 
twenty-nine species of plants. Three palm fruits are common : 
the Medemia Argun, Wiut., of the Nubian Desert, and the 
LHyphene thebaica, Mart., of Upper Egypt, agreeing exactly with 
the fruits of these plants in our own day ; also dates of different 
forms resembling exactly the varieties of dried dates found now 
in the markets of Egypt. Two figs are met with, /%cus Carica, 
L., and Ficus Sycomorus, L., the latter exhibiting the incisions 
still employed by the inhabitants for the destruction of the 
Neuropterous insects which feed on them. The sycamore was 
one of the sacred trees of Egypt, and the branches used for the 
bier of a mummy found at Abd-el-Qurna, of the twentieth 
dynasty (a thousand years before the Christian era), were moistened 
and laid out by Dr. Schweinfurth, equalling, he says, the best 
specimen of this plant in our herbaria, and consequently per- 
mitting the most exact comparison with living sycamores, from 
which they differ in no respect. The fruit of the vine is com- 
mon, and presents, besides some forms familiar to the modern 
grower, others which have been lost to cultivation. The leaves 
which have been obtained entire exactly agree in form with those 
cultivated at the present day, but the under surface is clothed 
with white hairs, a peculiarity Dr. Schweinfurth has not ob- 
served in any Egyptian vines of our time. A very large quantity 
of linseed was found in a tomb at Thebes of the twentieth 
dynasty, now 3000 years old, and a smaller quantity in a vase 
in another tomb of the twelfth dynasty, that is, 1000 years older. 
This belongs certainly to Zimum humile, Mill., the species still 
cultivated in Egypt, from which the capsules do not differ in 
any respect. Braun had already determined this species pre- 
served thus in the tombs, though he was not aware of its con- 
tinued cultivation in Egypt. The berries of Funiperus phenicea, 
L., are found in a perfect state of preservation, and present a 
somewhat larger average size than those obtained from this — 
juniper at the present day. Grains of barley and wheat are of 
frequent occurrence in the tombs ; M. Mariette has found barley 
in a grave at Sakhara of the fifth dynasty, 5400 years old. 

The impurities found with the seeds of these cultivated plants 
show that the weeds which trouble the tillers of the soil at the 
present day in Isgypt were equally the pests of their ancestors 
in those early ages. The barley-fields were infested with the 
same spiny medick (JZedicago denticulata, Willd.) which is still 
found in the grain crops of Egypt. ‘The presence of the pods 
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of Sinafis arvensis, L., among the flax seed testifies to the 
presence of this weed in the flax crops of the days of Pharaoh, 
as of our own time. There is not a single field of flax in Egypt 
where this charlock does not abound, and often in such quantity 
that its yellow flowers, just before the flax comes into bloom, 
present the appearance of a crop of mustard. The charlock is 
Sinapis arvensis, L., var. Allionii, Jacq., and is distinguished 
from the ordinary form by its globular and inflated silicules, 
which are as characteristically present in the ancient specimens 
from the tombs as in the living plants. Azmex dentatus, L., 
the dock of the Egyptian fields of to-day, has been found in 
graves of the Greek period at Dra-Abu-Negga. 

It is difficult without the actual inspection of the specimens of 
plants employed as garlands, which have been prepared by Dr. 
Schweinfurth, to realise the wonderful condition of preservation 
in which they are. The colour of the petals of Pupaver Rheas, 
L., and the occasional presence of the dark patch at their bases 
present the same peculiarities as are still found in this species 
growing in Egyptian fields. The petals of the larkspur 
(Delphinium ortentale, Gay) not only retain their reddish-violet 
colour, but present the peculiar markings which are still found 
in the living plant. A garland composed of wild celery (Apzzm 
graveolens, L.) and small flowers of the blue lotus (Wymphea 
cerulea, Sav.), fastened together by fibres of papyrus, was found 
on a mummy of the twentieth dynasty, about three thousand 
years old. ‘he leaves, flowers, and fruits of the wild celery 
have been examined with the greatest care by Dr. Schweinfurth, 
who has demonstrated in the clearest manner their absolute 
identity with the indigenous form of this species now abundant 
in moist places in Egypt. The same may be said of the other 
plants used for garlands, including two species of lichens. 

It appears to have been a practice to lay out the dead bodies 
ona bier of fresh branches, and these were inclosed within the 
linen wrappings which enveloped the mummy. In this way 
there have been preserved branches of considerable size of Ficus 
Sycomorus, 1, Olea europea, L., Mimusops Schimperi, W., and 
Tamarix nilotica, Ehrb, The Mimusops is of frequent occur- 
rence in the mural decorations of the ancient temples ; its fruit 
had been detected amongst the offerings to the dead, and de- 
tached leaves had been found made up into garlands, but the 
discovery of branches with their leaves still attached, and in 
on: case with the fruit adhering, has established that this plant 
is the Abyssinian species to which Schimper’s name has been 
given, and which is characterised by the long and slender petiole 
of the leaf. 
_ Innone of the species, except the vine to which I have re- 
rerred, which Dr. Schweinfurth has discovered, and of which he 
has made a careful study, has he been able to detect any pecu- 
liarities in the living plants which are absent in those obtained 
from the tombs. 

Before passing from these Egyptian plants I would draw 
attention to the quality of the cereals. They are good spect- 
mens of the cereals still cultivated. This observation is true 
also of the cultivated grains which I have examined, belonging 
to prehistoric times. ‘Che wheat found in the purely British 
portion of the ancient village explored by General Pitt-Rivers is 
equal to the average of wheat cultivated at the present day. 
This is the more remarkable, because the two samples from the 
later Romano-British period obtained by General Pitt-Rivers are 
very much smaller, though they are not unlike the small hard 
grains of wheat still cultivated on thin chalk soils. The wheat 
froin lake-dwellings in Switzerland, for which I am indebted to 
Mr. J. T. Lee, F'.G.S., are fair samples. My colleague, Mr. 
W. Fawcett, has recently brought me, from America, grains of 
maize from the prehistoric mounds in the valley of the Missis- 
sippi, and from the tombs of the Incas of Peru, which represent 
also fair samples of this great food substance of the New World. 
The early peoples of both worlds had then under cultivation 
productive varieties of these important food-plants, and it is 
remarkable that in our own country, with all the appliances of 
scientific cultivation and intelligent farming, we have not been 
able to appreciably surpass the grains which were harvested by 
our rude ancestors of 2009 years ago. 

In taking a further step into the past, and tracing the remains 
of existing species of plants preserved in the strata of the earth’s 
crust, we must necessarily leave behind all certain chronology. 
Without an intelligent observer and recorder there can be no 
definite determination of time. We can only speculate as to the 
period required for effeeting the changes represented by the 
various deposits. 
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The peat-bogs are composed entirely of plant-remains belong- 
ing to the floras existing in the regions where they occur. They 
are mainly surface-accumulations still being formed and going 
back to an unknown antiquity. They are subsequent to the 
last changes in the surface of the country, and represent the 
physical conditions still prevailing. 

The period of great cold during which Arctic ice extended far 
into temperate regions was not favourable to vegetable life. 
But in some localities we have stratified clays with plant- 
remains later than the Glacial epoch, yet indicating that the 
great cold had not then entirely disappeared. In the lacustrine 
beds at Holderness is found a small birch (Betula nana, L.), 
now limited in Great Britain to some of the mountains of Scot- 
land, but found in the Arctic regions of the Old and New World 
and in Alpine districts in Europe, and with it Prous Padus, 
L., Quercus Robur, L., Corylus Aveilana, L., Alnus glutinosa, 
L., and Pinus sylvestris, L. In the white clay beds at Bovey 
Tracey of the same age there occur the leaves of Arctostaphylos 

Qva-Ursi, L., three species of willow, viz. Salix cinerea, L, S. 
myrtilloides, L., and S. polaris, Wahl., and in addition to our 
alpine Betula nana, L., the more familiar 4. alba, L. In beds 
of the same age in Sweden, Nathorst has found the leaves of 
Dryas octopetala, L., and Salix herbacea, ., this being asso- 
ciated with S. polaris, Wahl. Two of these plants have been 
lost to our flora from the change of climate that has taken place, 
viz. Salix myrtilloites, L., and S. polaris, Wahl, 5 and Betula 
nanz, L, has retreated to the mountains of Scotland. Three 

others (Dryas octopztala, L., Arctostaphylos Uva-Ursi, L., and 

Salix herbacex, L.), have withdrawn to the mountains of 

Northern England, Wales, and Scotland, while the remainder 

are still found scattered over the country. Notwithstanding the 

diverse physical conditions to which these plants have been 

subjected, the remains preserved in these beds present no cha- 

racters by which they can be distinguished from the living 

representatives of the species. 
We meet with no further materials for careful comparison 

with existing species until we get beyond the great period of 

intense cold which immediately preceded the present order of 

things. The Glacial epoch includes four periods during which 

the cold was intense, separated by intervals of somewhat higher 

temperature, which are represented by the intervening sediment- 

ary deposits. During these alterations of temperature, extensive 

changes in the configuration of the land were taking place. 

The first great upheaval occurred in the early Glacial period, 

and was followed by a considerable subsidence. A second up- 

heaval took place late in the Glacial epoch. Various estimates 

have been formed of the time required for this succession of 

climatic conditions and earth-movements. The moderate com- 

putation of Ramsay and Lyell gives to the boulder-clay of the 

first Glacial period an age of 250,000 years, estimating the time 

of the first upheaval as 200,000 years ago, while the subsidence 

took place 50,090 years later, and the second upheaval 92,000 

years ago. ; 
The sedimentary deposits later than the Pliocene strata, but 

older than the Glacial drift, indicate an increasing severity in 

the climate, which reached its height in the first Glacial period. 

At Cromer, on the Norfolk coast, the newest of these deposits 

has supplied the remains of Salix polaris, Wahl., S. cenerea, 

L., and Aypuum turgescens, Schimp. This small group of 

plants is of great interest in connection with the history of 

existing species ; their remains are preserved in such a manner 

as to permit the closest comparison with living plants. Such an 

examination shows that they differ from each other in no par- 

ticular. In the post-Glacial deposits in Sweden, Salix herbacea, 

L., is associated with S. polaris, Wahl., as I have already stated. 

These two willows are very closely related, having indeed been 

treated as the same species until Wahlenberg pointed out the 

characters which separated them when he established Salix 

polaris as a distinct species in 1812. One of the most obvious of 

the specific distinctions is the form and venation of the leaf, a 

character which is, however, easily overlooked, but when once 

detected is found to be so constant that it enables one to dis- 

tinguish without hesitation the one species from the other. The 

leaves of the two willows in the Swedish bed present all the 

peculiarities which they possess at the present day, and the 

venation and form of the leaves of S, polaris, Wahl., from the 

pre-Glacial beds of Cromer, present no approach towards the 

peculiarities of its ally S. Aerbacea, L., but exhibit them exactly 

as they appear in the living plant. This is the more noteworthy 

as the vegetative organs supply, as a rule, the least stable of the 
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characters employed in the diagnosis of species. The single 
moss (//ypnum turgescens, Schimp.) is no longer included in 
the British flora, but is still found as an Arctic and Alpine 
species in Europe, and the pre-Glacial specimens of this cellular 
plant differ in no respect from their living representatives. 

The older beds containing the remains of existing species, 
which are found also at Cromer, have recently been explored 
with unwearied diligence and great success by Mr. Clement 
Reid, F.G.S., an officer of the Geological Survey of England. 
To him I am indebted for the opportunity of examining the 
specimens which he has found, and I have been able to assist 
him in some of his determinations, and to accept all of them. 
His collections contain sixty-one species of plants belonging to 
forty-six different genera, and of these forty-seven species have 
been identified. Slabs of clay-ironstone from the beach at 
Happisburgh contain leaves of beech, elm, oak, and willow. 
The materials, however, which have enabled Mr. Reid to record 
so large a number of species are the fruits or seeds which occur 
chiefly in mud or clay, or in the peat of the forest bed itself. 
The species consist mainly of water or marsh plants, and repre- 
sent a somewhat colder temperature than we have in our own 
day, belonging as they do to the Arctic facies of our existing 
flora. ; 

Only one species (7rafa natans, L.), has disappeared from 
our islands ; its fruits, which Mr. Reid found abundantly in one 
locality, agree with those of the plants found until recently in 
the lakes of Sweden. Four species (Prunus spinosa, L., 
Gnanthe Lachenali?, Gmel., Potamogeton heterophyllus, Schreb., 
and Pinus Abies, L.) are found at present only in Europe, and 
a fifth (Potamoge'on trichoides, Cham.) extends also to North 
America; two species (Peucedanum palustre, Mcench, and 
Pinus sylvestris, L.) are found also in Siberia, whilst six more 

(Sangursorba officinalis, L., Rubus fruticosus, L., Cornus san- 
guinea, L., Euphorbia amygdaloides, L., Quercus Robur, L., 
and Potamogeton crispus, L.) extend into Western Asia, and two 
(Fagus sylvatica, L., and Alnus glutinosa, L.) are included in 
the Japanese flora. Seven species, while found with the others, 
enter also into the Mediterranean flora, extending to North 
Africa: these are Zhalictrum minus, L., Thalictrum flavum, 

L., Ranunculus repens, L., Stellaria aquatica, Scop., Corylus 
Avellana, L., Zannichellia palustris, L., and Cladium Mariscus, 
Br. With a similar distribution in the Old World, eight species 
(Bidens tripartita, L., Myosotis cespitosa, Schultz, Sueda mart- 
tima, Dum., Ceratophyllum demersum, L., Sparganium ramo- 
sum, Huds., Potamogeton pectinatus, L., Carex paludosa, 
Good., and Osmunda regalis, L., are found also in North 
America. Of the remainder, ten species (Wuphar luteum, Sm., 
Menyanthes trifoliata, L.,. Stachys palustris, L., Rumex maris 
timus, L., Rumex Acetosella, L., Betula alba, L., Scirpus pauci- 
Horus, Lightf., Taxes baccata, L., and Tsoetes lacustris, L.- 
extend round the north temperate zone, while three (Lycopus 
europaeus, L., Alisma Flantago, L., and Phragmites communi,) 
Trin. ), having the same distribution in the north, are found also 
in Australia, and one (Aifpuris vulearis, L.) in the south of 
South America. The list is completed by Ranznculus aquatilis, 
L., distributed over all the temperate regions of the globe, and 
Scirpus lacustris, L., which is found in many tropical regions 
as well. 

The various physical conditions which necessarily affected these 
species in their diffusion over such large areas of the earth’s 
surface in the course of, say, 250,000 years, should have led to 
the production of many varieties, but the uniform testimony of 
the remains of this considerable pre-Glacial flora, as far as the 
materials admit of a comparison, is that no appreciable change 
has taken place. 

Iam unable to carry the history of any existing species of 
plant beyond the Cromer deposits. Some of the plant-remains 
from Tertiary strata have been referred to still living species, 
but the examination of the materials, as far as they have come 
before me, convinces me that this has been done without sufficient 
evidence. The physical conditions existing during even the 
colder of the Tertiary periods were not suitable to a flora fitted 
to persist in these lands in our day, even if the period of great 
cold had not intervened to destroy them. And in no warmer 
region of the earth do these Tertiary species now exist, though 
floras of the same facies occur, containing closely allied species. 
The sedimentary beds at the base of the Glacial epoch contain, 
as far as we at present know, the earliest remains of any existing 
species of plant. 

It is not my purpose to point out the bearing of these facts on 

any theoretical views entertained at the present day: I wish 
merely to place them before the members of this Section as data 
which must be taken into account in constructing such theories, 
and as confirming the long-established axiom that by us, at 
least, as workers, species must be dealt with as fixed quantities. 

SECTION H 

ANTHROPOLOGY 

OPENING ADDRESS BY SIR GEORGE CAMPBELL, K.C.S.I., 
M.P., D.C.L., F.R.G.S., PRESIDENT OF THE SECTION. 

I FEEL much diffidence in taking this chair, for, though in 
former days I used to pay a good deal of attention to what was 
then called ethnology, I have been for many years immersed in 
perhaps more exciting but, I am afraid, less satisfactory occupa- 
tions ; and I feel that Iam very far behind in scientific know- 
ledge and scientific methods. I only venture to address you 
because I take for my subject practical, rather than scientific, 
anthropology ; the study and cultivation of the creature man 
as he exists, rather than that branch of the subject which seeks 
to inquire into his origin and development. Intensely interesting 
as are inquiries into the origin of man, it must be admitted that 
our knowledge on the subject is still very limited and our progress 
slow ; that we have not yet got hold of the missing link, and 
scarcely know whether the flint implements are the work of man 
or of some earlier intelligent creature. We are hardly on firm 
ground till we come to man very much in the form in which we 
now have him, and even already divided into the principal 
varieties which exist to this day. I now then invite you to 
approach the subject rather as practical agriculturists deal with 
the subject of horses and cattle than as scientists who trace these 
animals to very ancient prehistoric types; and in dealing with 
man from this point of view I am emboldened by the considera- 
tion that here also science has not yet completely conquered the 
field, and that very much is open to those who bring to it only 
a quick eye and careful observation. I think it can hardly be 
doubted that, in distinguishing well-marked types of humanity, 
the eye is after all the easiest and perhaps the safest guide. 
With that alone one can recognise the unmistakable differences 
of colour, size, facial features, set of the eye, character of the 
hair, and one or two other features by which the physical 
characters of different types of humanity are varied. On the 
other hand, when we come to nicer and more subtile distinctions, 
especially among the mixed races which occupy most of the 
world, we must confess that anthropometric science as applied 
to craniology, &c., gives us results only partially conclusive. I 
have an unusually narrow head. I can hardly be fitted with a 
hat without making the hatter elongate it; my next brother 
has so remarkably broad a head that he cannot be fitted 
without altering a large hat the other way : and so I think it is 
in many families and races, as any one who tries to puzzle out 
craniological results will find. 

So again as regards other guides to race. It is admitted that 
language is not alwaysa safe guide, but still it is a very import- 
ant element in ethnological inquiries, especially among primitive 
races. Ihave paid some attention to that, and my impression 
is strong that language tests of race are to be found in the few 
simple elementary words and forms which any observer can 
easily master and examine, and not in the higher developments 
of the language, which are generally much intermixed with and 
influenced by foreign elements. I roughly put together a few 
dozen test words, &c., which we found very efficacious in India. 
Take English, too ; the origin of the race is found in the lower 
and monosyllabic words, though the majority of the English 
words ina dictionary are Latin and French. 

There is another race-guide which requires much care and 
some scientific accuracy, though not of what we should calla 
properly anthropometric character—I mean laws, customs, and 
habits. Like language these too may be varied by foreign 
influences, but I incline to think that they are more important 
for our purposes than has always been recognised, and are at 
least as persistent as, perhaps more persistent than, language. 
At any rate, they are certainly most important as affecting the 
modern history and cultivation of man; and while some laws 
and customs require scientific study, many habits and practices 
are on the surface, and open to the observation of every intelli- 
gent observer. I might class food and drink among such habits, 
as being those which bear most directly of all on physical 
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For instance, one scarcely realises till one goes 
to China how important is the cow as pre-eminently an Aryan 
animal, the early sacredness of which was founded upon uses 
almost ignored by other great races, such as the Chinese. The 
Chinese, again, who will not touch milk, and reject some other 
food which we think among the best (pheasants, for instance), 

make constant and large use of food which we reject, such as 
puppies and rats. It is most interesting to inquire whether there 
is any foundation for either class of prejudices. 
Among other habits and institutions well worthy of observation 

_ I might cite marriage and the family descent, through the female 
or through the male, the forms of small self-governing com- 
munities, and the tenure ofland. Animals of nearly allied species 
seem to be divided by curiously sharp lines into polygamous and 
monogamous races. It is hard to understand why hares should 
be strictly monogamous, rabbits polygamous, partridges mono- 
gamous, pheasants polygamous, geese monogamous, ducks poly- 
gamous. We have yet to discover to which class man belonged 
before laws divided the race into two opposite camps in this 
matter. When we come to institutions and land tenure we 

approach the region of politics, but for my part I must at once 
say that, if we avoid mere party in politics, we anthropologists 
are called on to perform most important functions in the social 
politics of the day. What can be more important than to ascer- 
tain the effect on the race of modern urban life, of the increa-ed 

use of meat, of the diminished use of milk, of the enormously 
increased consumption of tea, of the more constant use of the 
eyes and the brain, viewing these subjects in their broad general 
results, rather than from a merely medical point of view? 

’ My view of the good work that may be done by the more 
popular methods in anthropology may be somewhat consoling to 
our countrymen generally, for they seem as a whole to be too 
busy for much science, and to be deficient in it. Isee it was 
stated that we have to get anthropometric instruments from 
abroad. But on the other hand our opportunies for observation 
far outrival all others. In our vast Empire we have every race, 
and every shade, every stage of progress, from the lowest to the 
highest ; every institution and every method of living. As 
rulers, as explorers, as merchants, as employers of labour, as 
colonists, we come into the nearest contact, and have the most 
intimate relations with almost every people and every tribe on 
the face of the earth. We are indeed a people who, if we make 
but the most moderate use of opportunities, may bring together 
such a mass of knowledge of mankind as to leave nothing 
wanting. Surely then in this country anthropology is no mean 
subject. 

Both in regard to the greatness of our dominion, the vastness 
of the population, and its infinite variety, India is by far the 
greatest of our fields, as it is that in which we have the most 
complete and effective official machinery. India is remarkable 
not only for its many countries, climates, and races, but also for 
the division of the populations into what one may call horizontal 
strata. There, under the caste system, every rank, occupation, 
and profession represents in some sort a race, and that in enor- 
mous variety. Whatever infiltration of blood there may be, every 

caste in India is at least as much a peculiar and separate race as 
were till lately Jews or gipsies in our own country, and more so, 
Every one of them has, too, its own institutions, its own rules 
of marriage and inheritance, its own laws and customs; and I 
need scarcely add that outside this Hindoo agglomeration of 
many races there are the various aboriginal races—also in great 
variety, and in a state of excellent preservation—tribes not of 
one family of the human race, but of almost every great family, 
from the purest Aryans of the north-west to what I may call 
extreme Mongolians in the east, and primitive blacks in the 
centre and south. 

Intruth, my experience of that great anthropological field India 
is my excuse for sitting here to-day. It has been my fortune to 
serve in very many parts of that great country, and, so far as 
my scanty acquirements permit, I have always taken great 
interest in, and inquired much about, the races and varieties of 
the peoples ; and I think I may claim this, too, that ever since 
I have been a good deal absorbed in politics, in all the travels 
I have made in several parts of the world, in Eastern Europe, in 
America, and elsewhere, I have never wholly forgotten my 
ethnological proclivities, and have pried about a good deal to 
pick up information regarding the various races and tribes. 

As India is in some sense an epitome of the world, so I may 
also say that the last provinces I administered, those forming the 
Government of Bengal, are or were an epitome of India. At 
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that time the whole of Assam and the eastern frontiers were 
under Bengal, and we certainly had a very much greater variety 
of races than any other province in India—perhaps I may say 
than any other country in the world. Among the more advanced 
races, besides the whole of the well-marked Bengalee nationality 
we had some twenty millions of Hindustanis on the north, the 
Ooryahs on the west, and the Assamese on the east ; then of 
the Indian aboriginal races, while in other provinces they have 
but scanty hill tribes, counted by thousands, we have in the 
western districts of Bengal may millions of these aborigines, 
settled, comparatively civilised, a fecund, colonising, and migra- 
tory people ; we have them in endless variety of both the great 
aboriginal families, the Dravidian and that now generally known 
as the Kolarian. Partly in the Central Provinces and partly in 
Bengal, it has indeed been my lot to admini.ter the whole of 
what I may call ‘‘aboriginal India.” I may here mention that 
the several aboriginal Dravidian tribes of this tract speak 
languages clearly Dravidian in their roots, and yet for the rest so 
distant from the cultivated Dravidian languages that the common 
origin must be very ancient indeed. But no one who sees these 
people can doubt their non-Caucasian character ; and that may 
go far to settle the question whether the Dravidians of the 
Peninsula are of Caucasian origin, or non-Caucasians overlaid 
by an Aryan over-crust. 

Again, on the north and east we have some forest tribes which 
may or may not be related to the aborigines of the interior of 
India. But as soonas we get into the hill country we meet with 
every form of what may be called the Indo-Chinese type—all 
the way from the frontiers of Nepal on the north, along the 
Eastern Himalayas, round both sides of Assam, and then on 
to Maneepore, the Chittagong hills, and the Burmese country. 
Here and there in this great extent of country we have many 
unelassed races with peculiar languages and institutions of their 
own—some very savage, others far advanced in civilisation. 
Among the latter I might mention, for instance, the Khassyahs, 
a very peculiar people with highly developed constitutional and 
elective forms of government, and also specially interesting as 
exhibiting far the best specimen of which I have anywhere heard 
of the matriarchal, or perhaps I should rather say matri-herital, 
system fully carried out under recognised and well-defined law 
among a civilised people. The result of observation of the 
Khassyahs has been to separate in my mind the two ideas of 
matri-heritage and polyandry, and to suggest that polyandry is 
really only a local accident, the result of scarcity of women ; as, 
for instance, in some parts of the Himalayas, where the hill 
women are in great demand in the adjoining plains, and the hill 
men are obliged to be content with a reduced number of women. 
Among the Khassyahs, on the other hand, there is no polyandry 
(so far as I have been able to learn) though there is great facility 
for divorce ; and heritage through the female becomes quite 
intelligible, I may say natural, when we see that the females do 
not leave the maternal home and family and join any other family, 
as dothe Aryans. Theyare the stock-in-trade of the family, the 
queen bees as it were ; they take to themselves husbands—only 
one at a time, and if he is divorced they may take another— 
but the husband is a mere outsider belonging to another family. 
The property of the woman goes in the woman’s family, the 
property of the man in his own maternal family. It should be 
added, however, that in these maternal families, though the 
heritage comes through the female, the males rule, as they ought 
to in all well-ordered communities. 
When I administered the Government of Bengal I did the 

best I could to obtain a classification of our many races, and a 
comparison of the languages brought together under my system 
of test words, and officially published in a large volume. We 
owe to the unrivalled experience of the late General Dalton a 
mass of information regarding the western aboriginal tribes, 
comprised in his great ethnological volume and many other 
publications ; and more recently that very distinguished Indian 
officer, Mr. A. Mackenzie, partly a Scotchman and partly a 
Birmingham man, has brought together in his ‘* North-East 
Frontier of Bengal” a full and most interesting account of the 
eastern tribes. Now I am happy to say that one of my old 
fellow-workers in Bengal, who at present most worthily and well 
administers the government of that province, has undertaken, 
through Mr. Risley, a much greater work than any of us have 
yet attempted, viz. a general survey of the whole people, not 
only as regards their physical characteristics and languages, &c., 
but also (and this is the newest and most important part of the 
undertaking) as regards their institutions, laws, and social rules. 
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It is hoped that, by obtaining accurate information of this kind 
regarding the many races, tribes, and castes of these great pro- 
vinces, a flood of light may be thrown on the social history of the 
human race, It is a very great undertaking, but successfully 
carried out must have very great results. I can conceive nothing 
more important and interesting, and only hope that something 
of the kind may be attempted for India as a whole. Some of 
the most important castes, the Brahmins for instance, are so 
widely spread that we can hardly realise their position without 
extending the survey over India. In Bengal I think they are 
little agricultural, while in some provinces they are among the 
best of the agriculturists. 

I could well wish that we had systematic inquiries of this kind 
nearer home. Europe is almost as good an anthropological field 
as India, and in our islands there is still very much room for 
investigation. In my own country of Scotland, after much 
asking, I have never been able to get any information who the 
Aberdonians are, and what is the language they speak, so different 
in its forms and intonations from the rest of Scotland. In England 
sone most interesting maps might be made if it were only to trace 
the letter , showing where it begins and where it ends. I have 
a belief that though languages may be changed and cease to 
indicate races, there is a great racial persistency in the letter 4 
or the absence of it. The Scotch and the Irish have adopted 
the English language, but no Scotchman or Irishman was ever 
in the smallest degree wanting in aspirates—an Englishman 
might perhaps call them hyper-aspirators. The greater part of 
England, on the contrary, is equally persistent in the dropping 
of #’s. The whole subject is most interesting, not only in regard 
to the use or omission of the % by various races, but also on 
account of the very singular—I may say phenomenal—tendency 
of so many of the English neither to maintain nor to abandon 
the 4, but simply to reverse the written language, omitting the 
A where it is written, and putting it in where it is not, ina 
peculiarly aggressive manner. It has been noticed, with truth, 
that we seem legitimately to drop the % in almost all words that 
come direct from the Latin, as ‘‘hour,” ‘‘ heir,” ‘ honour,”’ yet 
in the Latin we pronounce the % fully. Is the spoken language 
the true tradition? Can it be that, while the Greeks spoke in 
aspirates which they did not write, the Romans clipped those 
which they did write, and that the modern Englishman combines 
the practice of these two famous races ? Oris there any foundation 
for what I can call no more than a conjecture, viz. that the real 
English is that spoken by the Scotch, and that the corruption of 
the 4’s is French brought in by the Normans? If a language 
map showed the clipping of #’s to be coincident with large 
Norman settlements, that might be so. Perhaps a few hundred 
years ago it was the aristocratic thing to clip the /’s, and the 
fashion may have gradually gone to the lower classes like the 
swallow-tailed coat worn by the typical Irish peasant, while the 
upper classes have been partially reformed back to true English 
by contact with the Scotch—only partially though, for they still 
say “‘ wen” and ‘‘wale” instead of ‘‘when” and ‘‘ whale,” to 
say nothing of ‘‘idear” and ‘‘ Indiar.” 

This, however, is a digression. Iam afraid I have been long 
in coming to the main object of this address, viz. to recommend 
the systematic and scientific cultivation of man—what I may 
call *‘homi-culture,” in the same sense as “‘ oyster-culture,” 
‘*bee-culture,” or *‘ cattle-culture””—and that with a view both 
to physical and mental qualities. It seems very sad indeed, that, 
when so much has been done to improve and develop dogs, 
cattle, oysters, cabbages, nothing whatever has been done for 
man, and he is left very much where he was when we have the 
first authentic records of him. Knowledge, education, arts, he 
has no doubt acquired ; but there seems to be no reason to 
suppose that the individual man is physically or mentally a 
superior creature to what he was five thousand years ago. We 
are not sure that under very modern influences he may not retro- 
grade. No one doubts that, by careful selection and cultivation, 
cattle, vegetables, and many other things have been immensely 
improved. In regard to animals and plants we have very largely 
mastered the principles of heredity and culture, and the modes 
by which good qualities may be maximised, bad qualities mini- 
mised. Whyshould not man be similarly improved? It is true 
that the mind has a larger share in that which constitutes a man ; 
but after all this is only a question of degree—the cultivation of 
the mind doves enter very largely into animal-culture. I appre- 
hend there isno doubt that the superiority for our purposes of 
shorthorns, black-polled, and other famous breeds of cattle is 
very largely due to placid and well-regulated minds, which 

enable them to take calmly a short and happy life, and to 
assimilate their food, differing in this very much from their 
restless and often vicious ancestors. Surely, then,. if we only 
had the requisite knowledge, and, taking a practical view of life, 
could regulate our domestic arrangements with some degree of 
reason, rather than by habit, prejudice, and the foolish ideas 
cultivated by foolish novelists, man too might be greatly 
improved. 

It may be admitted that we are not in a position to begin 
confident man-culture at once. Much study is first required and 
much knowledge must be accumulated before we can be confi- 
dent in practice. The first thing that most strikes us in man, 
as compared with all domesticated and even most widely-spread 
wild animals, is the extremely small variation in man all over 
the globe. There are differences which seem large to us, but 
are extremely small from a more enlarged point of view. How 
enormous are the differences between different breeds of dogs, 
horses, and cattle! When we come to man the difference of 
which we make most is that of colour—a feature which we think 
quite trivial in animals. Who thinks very much more highly of 
a white than of a black cow, of a grey horse than of a black 
one? Our skilled eyes recognise variations of human feature, 
but they are so slight that the inhabitant of another planet would 
see no more difference than in the countenances of a flock of 
sheep. In size, compared to other animals, the differences are 
but slight. Probably there is no race whose average height really 
approaches six feet, and I doubt if any are on the average so 
small as five feet. In other physical features there are no con- 
siderable differences of formation whatever. Then as regards 
the mind we have yet to learn that there are very wide differ- 
ences of mental capacity between different races. Very likely | 
—probably, I may say —there are considerable variations, but 
they are not so wide as to be apparent without careful and 
accurate study. With the superficial knowledge we have, no 
one can say that Europeans, Hindus, Chinese, are born with 
brains superior or inferior to the other; and even in regard to 
the negro I do not know that it is yet shown that with equal 
advantages Negro babies might not grow up nearly or quite as 
intelligent as Europeans. I do not say that it is so, but only 
that the question has not yet been sufficiently worked out. The 
difference is not so radical as to be self-evident from the first. — 
Still, such experience as we have and the analogies derived from 
domesticated animals both tend to the belief that there ave con- 
siderable, if not excessive, variations in the qualities and capacities 
of different races of men. 

It seems to me, then, that.the first object to which observation 
and experiment should be directed is to ascertain how far the — 
qualities which distinguish different races, peoples, castes, and 
families are congenital and hereditary, and how far the result of 
education and surroundings. The distinguished President of the 
Anthropological Institute, Mr. F. Galton, has done much to 
make a beginning of the study of hereditary qualities in man, 
but there is still much to be done. To begin with very rudi- 
mentary facts, we hardly know whether courage in man and 
absence of courage in women are natural or artificial qualities ; 
whether right-handedness is natural or a very ancient fashion. 
Coming nearer to modern variations we do not know how far 
energy, enterprise, constructive power, and all the rest of it are 
qualities appertaining to particular breeds, like the qualities of 
pointers or greyhounds ; or whether they are more the result of 
education and surroundings. What is the effect on mind or 
body of vegetable and animal food respectively, and of the use 
of one stimulant and another? Why do particular races affect 
particular stimulants? Why is the Northern European more 
especially given to spirits, and the Chinese and Indo-Chinese 
races to opium? Is there anything in the breed that enables 
Britishers to rule over Hindus, or is it only education? Why 
has a Chinaman some virtues which an Irishman has not, and 
vice versa? Allthrough, the most important inquiry is to siftout 
those qualities in regard to which we must look to improvement — 
in the breed, and those which more depend on education, so 
that power may not be wasted by efforts in the wrong direction 
—by breeding for qualities which already exist, or educating 
where the breed renders a particular education hopeless. 
We must try to learn the direction in which we are to work 

first, and then the methods by which we may effect improvements 
in the ascertained direction—whether it be in the direction of 
breed or in that of education. f ‘ 
Now to come to the practical modes by which effect might be 

given to some such ideas as I have ventured to suggest. 
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To begin at the beginning, I think that, while so much effort 
and so much science have been expended, perhaps not very 
fructuously, in inquiries into the origin of man, too little syste- 
matic attention has been given to the radical differences between 
the modern man and modern animals. For instance, in the 
matter of speech no one can doubt that dogs and elephants and 
seals understand a great deal of language. One cannot see the 
individuals of a pack of hounds answer to their names without 
being satisfied that they not only attach a meaning to a few rude 
sounds, but can distinguish niceties and refinements of language. 
Again, we know that parrots and other creatures can speak our 
language ; but I have never seen the question whether any one 
creature can both speak and understand thoroughly worked out. 
Has it been carefully and thoroughly ascertained whether any 
animals really cry or laugh? Sir John Lubbock and others have 
given attention to the question whether, in habitation-building, 
and the like, bees and ants exercise an intelligent discretion or 
follow one unvarying hereditary instinct ; but I do not think any 
distinct conclusion has been arrived at. Can any monkey or 
other creature be educated up to the point of putting sticks on a 
fire and cooking chestnuts? I am afraid that on all these 
subjects there has been nothing but very desultory individual 
effort. 

Then as regards man-breeding. Probably we have enough 
physiological knowledge to effect a vast improvement in the 
pairing of individuals of the same or allied races if we could 
only apply that knowledge to mike fitting marriages, instead of 
giving way to foolish ideas about love and the tastes of young 
people, whom we can hardly trust to choose their own bonnets, 
much less to choose in a grayer matter in which they are most 
likely to be influenced by frivolous prejudices. As I am not 
preaching I need say no more on that—all that I could say is 
self-evident. But when we come to the very important question 
of the crossing of races there is very great need of scientific 

Both the general knowledge that 
we have of humans and the analogy of animals tends to show the 
great benefit of the crossing of breeds. Anglo-Saxon is an 
awkward term. Ido not stop to inquire whether it represents 
two races ; whether the peasant of the Lothians is an English- 
man and the peasant of the south of England a Saxon, or why 
one is superior to the other ; but using the word English for the 
Teutonic inhabitants of these islands I think one can hardly 
doubt that the English breed crossed with a dash of Celtic blood 
produces a better animal than either of the parent races. Witness 
the people of many parts of Scotland, of Ulster, and, I believe 
I may also say, of Cornwall. It is the use of the Celtic blood 
as an alloy that makes me specially unwilling to see High- 

landers, and even wild Irishmen, exterminated from these islands. 
It may be worse for all of us if that comes to pass. 

There is a popular belief that the cross between an 
Englishman and a Hindu produces a race inferior to either. 
I very much doubt the fact. Owing to the caste system (and 
it prevails with us almost as much as with the Hindus) half- 
castes are placed at a very great disadvantage, but I doubt 
if they are naturally inferior; at any rate, the question requires 
to be worked out. I think we have the means of doing 
so if we systematically went about it. So again as regards the 
cross-breeds between whites and Negroes. There is so much 
prejudice on the subject in the United States that it is very 
difficult to arrive at the truth. Some people think that the 
stimulating climate tends to make the white race in America 
wear itselfout, and that (apart from the present great immigra- 
tion from Europe) it would bea real improvement to the American 
race if the whites were crossed with the more phlegmatic blacks, 
say, in the porportion of six or eight of white to one of black, 
which now exists in the States. However, that is their affair, 
but a very important question for them, 

And this brings me to the effect of climate. Is it the fact 
that in course of generations settled in America the climate alters 
the British race—or perhaps I should say European races ? What 
is the tendency of the very peculiar Australian climate? It has 
passed into a popular proverb that the European race cannot 
survive in India beyond the second or third generation ; and the 
result of that belief has been of enormous practical importance, 
for no sort of colonisation has been attempted. Yet I wholly 
doubt if the belief can be supported by any facts whatever ; it 
is one of those things that are universally believed because they 
have neyer been tried, and therefore cannot be contradicted. 
Till little more than fifty years ago Europeans were not allowed 
to settle in India. To this day opportunities for education and 
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good up-bringing are very much wanting—the surroundings are 
most unfavourable to European children; yet a good many 
instances could now be quoted of Europeans brought up in India 
who are physically just as good as their parents. The mortality 
in the European orphan asylums is extraordinarily low. It is not 
at all certain that the race might not be adapted to the climate, 
especially as the cool hill regions are those least occupied by the 
natives, and most fit for many lucrative industries introduced by 
Europeans. 

Coming to physical and mental education, I have already 
alluded to some of the subjects which urgently require attention, 
the most important of which is, I think, the effect of what we 
call civilised life, and especially urban life. It is impossible to 
see the crowded and inferior dwellings in which so vast a popu- 
lation live in towns, without room for the gardens which their 
fathers had, and without the space and recreations natural to 
man, and not to fear for the result on the race. I might also say 
more on the question of physical education and on that of a 
mental education so general as to leave no mere primitive jungle 
plants as a stock on which to graft improved varieties ; a subject 
which is already engaging anxious attention. On many other 
questions to which I have briefly alluded I might enlarge, but I 
have detained you so long that I think you would prefer to get 
to business ; and so I will conclude by recommending practical 
anthropology to your earnest attention. 

NOTES 

WE have received the programme of the Finsbury Technical 

College for the session 1886-87. There is no change in the 

curriculum calling for remark. 

On September 3 a banquet took place in Bologna to celebrate 

the 190th anniversary of the discovery of animal electricity in 

that city by Galvani. 

Tue Bund announces that Prof. Forel, of Morges, in the 

Canton of Vaud, has discovered a natural gallery which goes 
right across the lower portion of the glacier of Arolla, in the 
Eringerthal, in the Valais. It constitutes a natural grotto in 
the heart of the glacier, and was explored to a distance of 250 
metres (273 yards) by the Professor and some fellow-members of 
the Swiss Alpine Club from Geneva, Neuchatel, and the Canton 
of Vaud. The average width was from 6 to 10 metres, broaden- 

ing out here and there to fully 25 metres; the height varied 
from 2 to 3 metres, At the spot where the party stopped, the 

cayern divided into two galleries, the exploration of which they 
reserved for another time. The glacier was found to rest direct 

on the ground. 

AccorbiING to a Kimberley journal, Dr. Holub’s exploration 

party is making but little progress. The whole of the party had 

been down with the fever, which has been severe this year in 

the Zambezi region. 

THE captain of the steamer Avdangorm officially reports at 
Malta that at 1 p.m. on August 30, in clear, calm weather, when 

about 14 miles north of Galita, a small island between Sardinia 

and Tunis, he noticed that the eastern and highest peak of the 
island appeared to be in eruption, while smoke resembling that 

ascending from Mount Etna was ejected at intervals from the 

crater. 

THE Pioneer of Allahabad states that news dated last April 
has been received from Mr. Carey, who is travelling from Leh 

towards China. He was then at Lob Nor. His course from 

Leh was south-eastward into Western Tibet, and then due 

north to Khotan, whence he made the Tarim River. After an 

excursion northwards towards the Baba Kul Lake he returned 

to the Tarim River, and followed it to Lob Nor. He is said to 

have probably entered Northern China before now. 

One of the projects formed by M. Paul Bert before leaving 
France as Resident-General in Tonquin and Annam, was the 
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formation of an Academy similar to that planned by Napoleon I. 

for Egypt. M. Bert has now issued a decree establishing the 
‘*Tonquinese Academy.” The preamble sets out that it is 
desirable to revive in the country, which has been disturbed for 

so long a time, the taste for literature and science, and to pre- 
serve to the people the vestiges of its glorious past ; as well as 
to collect the scattered evidences of its ancient splendour. The 
decree then goes on to provide that the seat of the Academy 
shall be at Hanoi, and that its functions shall be to investigate 

and collect everything of interest, from any point of view, relating 

to Tonquin, to preserve ancient monuments, to initiate the 

people into the knowledge of modern sciences and civilisation, 
by translating and publishing in the Annamite language részmes 
of European works, to translate into French extracts from the 

more important dynastic annals of Tonquin, as well as other 
works to be selected by a Commission, to aid in forming public 
libraries in the principal towns, and a national library at Hanoi, 

to publish a monthly bulletin in which scientific and other ques- 
tions shall be treated, and to put itself in relations with other 

Oriental Societies in Europe and Asia. The Academy is to 

consist of forty members and an unlimited number of corre- 

spondents. The dignity of am-lam is to be conferred by the 

Resident-General. Various degrees are to be given to Ton- 
quinese, and these are to be marked bya medal or emblem 

to be worn on the dress. Political questions are not to be 
discussed. 

WE regret to learn that difficulties arising out of the re- 
organisation of the Imperial College of Engineering, Tokio, 

have resulted in the loss to the new University of Japan of the 
services of Prof. T. Alexander. 

Mr. R. JASPER Mork, writing to the 7imes, from the House 
of Commons, on the subject of ‘* Science for the Masses,” inquires 
why some of the 600 papers which are not read before the British 

Association should not be delivered as lectures at the schools or 

public rooms of the West Midland district, where “large and 
appreciative audiences would have been found, and a foundation 

laid for the objects of the British Association.” ‘A few words 

spoken,” he says, ‘‘in a familiar manner to working-men and 

others by members of the British Assuciation would tend to 
make that taste for natural science the absence of which Sir 

John Lubbock deplores.” 

AT the last meeting of the Entomological Society of London, on 

the Ist inst., Mr. C. O. Waterhouse called attention to the various 

reports which had lately appeared in.the newspapers of the dis- 
covery of the Hessian Fly (Cecédomyia destructor) in Britain, and 

inquired whether any communication on the subject had reached 

the Society. The Rey. W. W. Fowler stated that he had been in 

communication with Miss Ormerod on the subject, and that she 
had informed him that neither the imago nor larva of the species 
had been seen, and that the identity of the species rested on the 
supposed discovery of the pupa. 

Pror, BruN has published in the Archives de Genéve an 
interesting study on the so-called lightning holes to be found in 
the High Alps. He and other investigators have found them at 
heights of from 3348 to 4000 metres, or between 11,000 and 

13,000 feet above the sea-level. Usually they are found on 

summits. Sometimes the rocky mass, which has been vitrified 
in the passage of the electric fluid, presents the appearance of 
small scattered pearls, sometimes of a series of semi-spherical 
cavities only a few millimetres in diameter. Sometimes there 
are vitrified rays going out from a central point to a distance of 
4 or 5 inches. Sometimes a block detached from the mass 

appears as if bored through by a cannon-ball, the hollowed 

passage being quite vitrified. The thickness of this vitrified 
coating or stratum never exceeds a millimetre, and is sometimes 
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not more than the quarter of that depth. The varying colours 
which it presents depend on the qualities and composition of the 
rock. The same may be said as to its transparency. On the 
Rungfischhorn the glass thus formed by the lightning is black, 

owing to the quantity of actinolite which the rock contains. It 
is brown on La Ruinette, the rock consisting of feldspar mixed. 
with gneiss containing chloride of iron. Under the microscope 

these lightning holes disp!ay many interior cavities, which must 
be attributed to the presence of water in the rock at the momen! 
of melting by the electric discharge. This vitrified material has 
no influence on polarised light. 

THE captain of the steamer 7¥essaly, belonging to the Houston 
Line, writing to the owners of that vessel, notes a strange expe- 

rience on his last voyage from Liverpool to Monte Video. On 
Thursday, July 1, at 11.35 p.m., the ship, which at the time 
was in lat. 0° 55’, long. 29° 34’ W., was suddenly and violently 
shaken and bumped, the shaking being accompanied by a loud, 
rumbling, metallic kind of noise. The first impression was that 

the ship was tearing the bottom out over hard rock, but know- 
ing there was nothing in the neighbourhood she could touch, 

save St. Paul’s rocks, and as they could not see land, the captain | 

concluded the machinery was going to pieces. A report received 
from the engine-room, however, stated that there was nothing 

wrong there. The engineer had slowed down instantly, under 

the impression that something had gone wrong. The carpenter 
reported the wells all free. The shock lasted about a minute ; 
no disturbance was visible on the water. About 8 minutes after 
the first shock, a second, not quite so severe, stopped the ship, 
which in the meantime had been going slowly. Subsequently 

they experienced a third shock—a slight one. The lead indi- 
cated 60 fathoms with no bottom. Being now satisfied that the 

shocks were caused by some submarine disturbance, the captain 

proceeded on his course. After steaming about 15 minutes, he 
experienced a fourth shock, only inferior to the first in severity 
and duration. After this all was quiet. During the shocks the 
compass cards were much agitated. 

WE have received a pamphlet by Prince Albert of Monaco 

describing the investigations which he has made during the past 
year in his yacht, the Wirondelle, into the Gulf Stream, and its: 

relations with the coast of France. After referring to the 
interest which the Gulf Stream possesses for various branches of 
science, the Prince describes. the knowledge of it possesse 
by the ancients, and the various investigations of modern times. 
The stream has been carefully studied by the Americans along. 

their coasts, but our knowledge of it farther out in the Atlantic 
is more doubtful. Its influence on the French coasts has never 

been experimentally studied, and to this particular point the 
work on the Hirondelle was directed. 179 floats were thrown 

out at various places to the north-west of the Azores. These 

were of three classes—hollow copper balls, oak barrels, and 
ordinary bottles, there being ten balls, twenty casks, and 149 
bottles. The various places of immersion formed a line about 

170 miles in length. The conclusion which the Prince draws 

from the results so far is that as far as 300 miles to the north- 

north-west of the Azores, the Gulf Stream shows no tendency to 

flow towards the north-east, and even its tendency towards the 

east is scarcely pronounced. The pamphlet contains two charts, 
—one of the places of immersion of the floats, with the dates and 

hours, the other of the voyage of the Hivondelle from the time it 
left Lorient until its return. ; 

THE session 1886 of the University College, Bristol, will 
begin on October 5. Lectures and classes are held every day 

and evening throughout the session. In the Chemical Depart- 
ment lectures and classes are given in all branches of theoretical 
chemistry, and instruction in practical chemistry is given daily 

the chemical laboratory. Excursions to some of the 
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mines, manufactories, and chemical works of the neighbourhood 
are occasionally made. The Department of Experimental 

Physics includes courses of lectures arranged progressively, and 

practical instruction in the physical and electrical laboratory. 
Those students who attend the mechanical engineering course 

enter engineering works during the six summer months, and, in 

accordance with this scheme, various manufacturing engineers in 

the neighbourhood have consented to receive students of the 

College into their offices and workshops as articled pupils ; 

the engineering laboratory is provided with a powerful testing- 
machine, and instruction in the use of tools is given in the 

workshop. Special courses in surveying are given, and excur- 
sions for field practice are frequently made. The Department 
for Geology, Biology, and Zoology includes various courses of 
lectures in all branches of those subjects, together with labora- 
tory instruction. In the Botanical Department practical in- 
struction is given by means of the Botanical Gardens, which 
contain upwards of 1000 specimens. 

THE additions to the Zoological Society’s Gardens during the 

past week include a Common Mole (Zalfa europa), British, 

presented by Mr. J. Scatcherd ; two Hawfinches (Coccothraustes 

wulgaris), British, presented by Mr. W. Strutt ; a Lanner Falcon 

(Falco lanarius), European, received; two Common Vipers 

(Vipera berus), British, presented by Mr. W. Robertson; a 

Common Viper (Vigera berus), British, presented by Mr. W. 
H. B. Pain; two Common Marmosets (Hapale jacchus) from 

Brazil, three Indian Crocodiles (Crocoatlus palustris) from India, 

deposited ; a Mesopotamian Fallow Deer (Dama mesopotamica), 

four Long-fronted Gerbilles (Gerbi//us longifrons), five American 

Milk-Snakes (Coluber eximus), an Argus Pheasant (Argus 

giganteus), born in the Gardens. 

OUR ASTRONOMICAL COLUMN 

CHANGES OBSERVED ON THE SURFACE OF MArs.—In the 
July number of the Bulletin Astronomique M. Perrotin gives a 
detailed account of his observations of Schiaparelli’s ‘‘Canals” 
made during the months of April and May of the present year 
(NATURE, June 3, p. 110), remarking that their appearance differs 
little from that observed in the Milan astronomer’s chart drawn 
in 1882, and that these markings appear to indicate the existence 
of astate of things, in the equatorial regions of the planet, 
which, if not absolutely permanent, at all events give evidence 
of considerable stability. But during the progress of the Nice 
observations of the ‘‘ canals,” some changes were noticed in the 
neighbourhood of the Kaiser Sea (Schiaparelli’s Syrtis Major), 
which M. Perrotin has thought it worth while to put on 
record. During the earlier observations this part of the planet's 
surface was dark, like all the Martial ‘‘seas,” and as it is 
represented in the chart. On May 21, however, the part of 
Syrtis Major extending from 10° to 55° of north latitude was 
‘seen to be covered with a luminous cloud forming regular and 
parallel bands, stretching from north-west to south-east on the 
surface, in colour somewhat similar to that of the continents, 
but not quite so bright. On the 22nd these cloud-like structures 
were more uniformly distributed than on the previous day ; they 
were also seen on the three following days, but were noted to 
be of considerably diminished intensity. On May 25 the Nice 
observers noted the visibility of the isthmus which is placed in 
Schiaparelli’s chart on the prolongation of Syrtis Major, below 
its junction with Nilus, in longitude 300° and north latitude 52°, 
and which had not hitherto been seen by them. M. Perrotin 
thinks it probable that these appearances are really due to clouds 
circulating in the atmosphere of Mars; at all events he con- 
cludes they arise from something connected with the atmosphere 
or with the surface of the planet capable of motion and of 
change in a comparatively short space of time. 

A SUSPECTED NEW VARIABLE STAR.—In Circular No. 8 
of the Liverpool Astronomical Society, Rev. T. E. Espin states 
that the star D.M. + 35° 4002 was observed by him on the 
night of June 26 last as a very red 85 mag. star. On August 

29 it was again observed with the same comparison stars, and 
was found to be barely 9°5._ There seems, therefore, reason for 
suspecting it of variation. Duner calls this star ‘‘ rouge-jaune 
foncé,” spectrum IIIé.!!, and identifies it with Pickering No. 
36 (Astronomische Nachrichten, No. 2376), which seems im- 
probable, as Pickering’s place is Im. 20s. preceding and 0° 7’ 
south, The Pee of D.M.+35° 4002 for 1885 is R.A. 20h. 6m. 3s., 
Decl. + 35° 

THE Tne Star OF 234.—In the Astronomische Nach- 
vichten, No. 2743, Mr. J. E. Gore publishes elliptic elements of 
the orbit of this binary. The components are of magnitudes 7 
and 7°4, and the star has always been a close and difficult object 
to measure even with large telescopes. Mr. Gore considers his 
orbit as provisional only, on account of the discordance of some 
of the recorded measures. The following are the elements :— 

P = 63°45 years Q = 124° 11’ (1880’0) 
T = 1881'15 SS Oe Bey 
e = 0°3629 a = 0'°339 

Y =47 21 Bh =+ 5°67 

Gore states that these elements satisfy the observations 
faisly well from 1844 to 1853, and from 1870 to 1880, but in 
the years 1858-66 the discordances are considerable. The posi- 
tion of the star for 18800 is R.A. Ith. 24m. 20s., Decl. 
+ 41° 58’. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 SEPTEMBER 12-18 

qao® the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on September 12 

Sunrises, 5h. 31m. 3 souths, rth. aoe II‘Os. ; sets, 18h. 21m. ; 
decl. on meridian, 4° 7' N.: Sidereal Time at Sunset, 
17h. 48m. 

Moon (Full on September 13) rises, 18h. Sm. ; sou) 23h. 38m. > 
sets, 5h. 16m.* ; decl. on meridian, 6° 34’S 

Planet Rises Souths ets Decl. on meridian 
h. m. h. m. m. Aa oh 

Mercury Zt UG) ge, UG) 18 8 Io 40N. 
Venus ... 3/30) =... 10740 17 50 Te) Gig} INIc 
Mars LOLA Ae ney LO) 19 55 16 46S. 
a yl Ch acg US HS eee) 5} 3, ONS. 
Saturn.. 5 33 yeh? BP os HO © 21 37aNe 

* Indicates that the rising is that of the preceding evening and the setting 
that of the following morning. 

Occultations of Stars by the Moon (not actually occulted at 
Greenwich) 

Corresponding 

Sept. Star Mag. Disap. Reap. pa Sean ae 

inverted image 
h. m. h. m. ° 

. » Aquarii 44 I 50 near approach 227 — 
13... 24 Piscium 6% ... 20 33 near approach 168 — 
16 ... v Piscium 44 7 12 nearapproach 56 — 

Sept. h. 
I 2t... Venus at least distance from the Sun. 

Variable Stars 

Star RA Decl. 
h. mm. ‘ h. m. 

U Cephei coy ONS 252) -e. OL LONE... Sept. 10, LON 25 ac7Z 
Aveo Gopeemeon. coo 6) Cvo CO EPUING cst gp) 8b LG) 38 m 
¢ Geminorum Oo SO ZVINiglae py Usp Sie Hy Lbs 

18, 23 6 m 

6 Librze 14 54°9 BS ZS coe sp Uh. 22 SY ee 
U Corone ... WS HEM con SIO ch INT See the Ann 2) 772 
U Ophiuchi... 17 10°8 I 20 N. 6p. 2 PS Ze 

and at intervals of 20 8 
B Lyre... 18 45'9 ... 33 14 N. ... Sept. 18, 21 0 7 
n Aquilze 19 46°7 © Zi} No. ess) gp US Se OLY 

StS; One O77 
5 Cephei 22) QAO. 57 5ONelens) yh 125 ol 

» %II5,22 Om 

M signifies maximum ; 77 minimum. 
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THE RECENT EARTHQUAKES 

THE earthquake record of the past week is a long and dis- 
astrous one. An earthquake of wide area and extraordinary 

intensity took place soon after ro o’clock on the night of August 
31, throughout nearly the entire portion of the United States 
east of the Mississippi, shocks being felt from the Gulf of 
Mexico northwards and from the Mississippi eastward to the 
Atlantic. The shocks were especially severe at Montgomery 
(Alabama), Cleveland (Ohio), Meadville (Pennsylvania), Raleigh 
(North Carolina), and Indianapolis (Indiana). In New York, 
Washington, Detroit, Milwaukee, Cincinnati, Louisville, Chat- 
tanooga, and other places severe undulations were felt. The 
shock was light at Chicago, and west of the Mississippi at 
Omaha, Ogden, or San Francisco no disturbance was felt. The 
bounds of the disturbed area are thus roughly defined to be the 
Mississippi, the Atlantic, the Gulf of Mexico, the Lakes and 
the St. Lawrence. Georgia and South Carolina appear to 
have been the most severely visited of all the States. At 
Augusta, in the former State, there were ten distinct shocks 
between 9.15 and 10.45 p.m., and the streets were filled with 
the terrified population. At Savannah five shocks were felt. 
Sharp shocks were also felt in New Jersey, and vibrations as far 
north as Philadelphia, Prof. Newcomb, of the Mawtical 
Almanac, Washington, reports that the first shock occurred at 
9.53.20, and the second at 9.54.30, lasting until 9.59. The 
Signal Service Bureau at Washington reports that four distinct 
shocks were felt there. The first began at 9.54, and lasted 4o 
seconds, the second at 10.0.4, the third at 10.10, and another 
at 10.30. Charleston, in South Carolina, suffered most severely, 
—the streets were blocked with fallen buildings, telegraph poles, 
and tangled wires. The population spent the night in the 
streets. As usual after violent earthquakes, fires broke out. 
The principal business quarter and two-thirds of the dwelling- 
houses have been destroyed, and the town was isolated from the 
outside world, the bridges and railroads being all destroyed. Sul- 
livan’s Island, a watering-place near Charleston, was submerged 
by a tidal wave. At Columbia, in the same State, ten distinct 
shocks of earthquake were felt, the last at 10.20 on the morning 
of the Ist inst. Fresh shocks were felt in the afternoon of the 
1st at Augusta, Charleston, and Columbus, and during the same 
day throughout North and South Carolina and Georgia, and 
many fissures opened, emitting fresh water, white sand, and blue 
mud from a great depth. At 11.55 on the night of the rst 
another violent shock in Charleston brought down several 
houses. Since that date, shocks of more or less violence have 
continued up to the present in the States above-mentioned. 

This earthquake is believed to have disturbed a greater extent 
of territory than any earthquake on record. Twenty-two States, 
covering an area of a million square miles, were affected. 
Toronto and London in Ontario are said to have felt some 
symptoms of disturbance. The natural phenomena accompany- 
ing the earthquake are curious. The fissures in the earth, 
whence the sulphurous fumes arise, are not confined to Charleston 
itself, but are found for miles round the town. From these 
fissures is exuded sand, white in some places, and red in others. 
From other openings brackish tepid water has been spouted 
from 15 to 20 feet high. These fissures are not made by the 
sinking of the ground, but by the tearing apart of the earth’s 
crust. Sometimes they are 20 yards long, and they are of 
uncertain depth. They could be seen to widen and contract 
during the shocks, and sand, water, and an unfamiliar sub- 
stance of an oily paste character was expelled. After these 
ejections mound-like cones remained. The water in the wells 
was observed to rise and fall. At Summerville, the holiday 
resort of the people of Charleston, detonations were heard about 
once in ten minutes in all directions, but they appeared to have 
no relation with the earthquake shocks. ‘There are some doubt- 
ful reports of flames being seen proceeding from the ground. 
The atmosphere during the earlier phenomena was oppressive, 
and so still was the air that the lamps burned out of doors for 
hours without flickering. A violent shock which visited part of 
South Carolina at 11 o’clock on the night of the 5th, was fol- 
lowed after an interval of five minutes by two brilliant meteors 
which shot across thesky from north tosouth. A curious occur- 
rence is reported by the Correspondent of the Zimes. He says 
that on the 2nd inst. at Charleston ‘* two showers of morsels of 
flints, abraded by mechanical action, were noticed, some 
having been recently fractured. The first shower fell at 7.30 
a.m., and the second at 11.” At the Signal Office at Wash- 
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ington the self-registering wind-vane shows a horizontal mark 
preceding and sub equent to the shaking, denoting a mild, 
steady, and almost invariable breeze. But during the 30 or 
40 seconds of the most violent shaking, the marks indicate: 
that the pencil point moved up and down the paper many times 
with great rapidity. The effect of the earthquake at sea is 
described by the captain of the steamer Palatka, He had just 
left Charleston, and was twelve miles off the harbour of Port 
Royal, in eight fathoms and a half, when he heard a terrible 
rumbling, lasting a minute and a half. There had been 
a heavy sea from the south-east, but when the rumbling 
began the wave-motion ceased, and the waters remained 
in a perfect calm until the rumbling ended, when the swell was 
again manifest. ‘The wind was south-east and light, the weather 
cloudy, the barometer 30°01, and the thermometer at 80°. The 
ship’s timbers vibratcd strongly. No unusual meteorological 
conditions prevailed at Charleston before, during, or after the 
earthquake on the first day, according to the officer of the Signal 
Service. Profs. Mendenhall and M‘Gee are investigating the 
effects of the earthquake at Charleston and Summerville. 

Earthquakes are also reported from Malaga, where a severe 
shock occurred, on the 1st and morning of the 2nd ; from Santa 
Cruz, in California, at 11.45 on the morning of the 2nd, where it 
is described as not violent, but long-continued ; and from Smyrna, 
where several sharp shocks were felt between 10 and 12 on the 
night of the 31st, that is almost simultaneously with the American | 
earthquake. A telegram dated the 5th inst., from Athens, 
reports that the shocks at Pyrgos have been renewed. ; 
We have received several letters relating to the earthquake in 

the Eastern Mediterranean of the 27th ult. Prof. Forel, of Morges, 
writes that, as it extended at least from Alexandria to Berne, it~ 
covered an area of about 25° diameter. At Berne the seismo- 
graph of the Observatory marked the shock at 1oh. 36m. 16s. 
local time, corresponding to 22h. 6m. 30s. Greenwich time. If, 
continues Prof. Forel, we admit, in accordance with the times 
recorded at Benevento, Fermo, Pesaro, and Zante, that the 
time of the shock at the centre was 22h. Im. 20s. + 70s. Green: 
wich time, then the seismic wave would have taken 5m, IOs. to 
reach Berne. It is said that the shock was felt at Alexandria 
15 minutes after midnight, in which case progress in that direc- 
tion was a little slower ; put into Greenwich time, this would 
be 22h. I5m., or about I4m. for transmission from Zante to. 
Alexandria. In Switzerland a small preparatory shock was felt 
in the Alps of Vaud, about 11 minutes before the Berne shock. 
Mr. Henry Simon, writing from Engelberg, in Obwalden, states 
that the shock was distinctly felt there as a swaying motion 
about 10.20 by several of the visitors and in different houses. 

THE SCOTTISH METEOROLOGICAL SOCIET 

THE following is an abstract of the Report of the Council 
read at the meeting of the Scottish Meteorological Society 

held on July 22 :— 

Since the general meeting of the Society in March, the num- 
ber of the Society’s stations has remained the same. 

The membership of the Society now numbers 719, being 7 
more than at the meeting in March. 7 

The preparation of a fourth paper on the climate of the 
British Islands, dealing with the monthly rainfall for the twenty 
years 1866-85, is now far advanced, and the results are prac- 
tically and scientifically of great interest. 

Much time has been spent in preparing for the press the whole 
of the observations of the Ben Nevis Observatory and those of the 
station at Fort William for the two years and a half from December 
1883 to May 1886. The volume will shortly be in the hands of 
scientific men in all parts of the world. In connection with 
these valuable observations, the investigation of the importan 
question of the bearing of the results on the weather of these 
islands is steadily advancing. ; 

The position of the Ben Nevis Observatory on an elevates 
isolated peak, and the adjoining low-level station at Fort William 
being close to the sea, and on a bank sloping down to it, renders 
this pair of stations second to none anywhere yet established for 
the investigation of some of the fundamental facts of meteoro- 
logy. Among the more important of these questions is the de: 
termination of the rate of decrease of temperature with height, 
and the rate of diminution of atmospheric pressure with height, 
for different atmospheric temperatures and sea-level pressures. 
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In these aspects the observations for the two years and a half 
from December 1883 to May 1886 have now been discussed. As 
regards decrease of temperature with heizht, it is shown to be 
at the rate of 1° F. for every 270 feet of ascent—a rate which 
closely agrees with the results of the most carefully conducted 
balloon ascents, and of those other pairs of stations over the 
world which are so situated as to yield trustworthy results for 
the inquiry. Ben Nevis Observatory and the Fort William 
station are among the very few such groups of stations that have 

yet been anywhere established. 
4 
q 

i 
* 

In researches into weather phenomena and weather pro- 
gn stics the most important point to determine is the normal 
difference between atmospheric pressure at the top of the Ben 
and at Fort William for the different atmospheric temperatures 
and sea-level pressures. This was empirically calculated from 
the observations, and thereafter the departures from the normals 
were asccrtained for the five observations of each day since the 
Observatory was opened. ‘The results showed a diminution of 
pressure from the calculated normals during the occurrence of 
high winds at the Observatory. The difference not unfrequently 
amounts to the tenth of an inch, and on one day the five con- 
secutive observations showed differences of about a tenth-and-a- 
half inch. ‘This diminution of pressure is doubtless occasioned by 
the winds, as they brush past the Observatory buildings, partially 
sucking out the air from the interior, thus lowering the pressure. 
‘This does not occur till the velocity rises to or exceeds the rate 
of 30 miles an hour. 

It thus became necessary to recalculate the normals for 
pressure, using in the computations only those observations 
which were made when the velocity of the wind fell short of 30 
miles an hour. This recalculation has recently been com- 
pleted, and the inquiry as to the bearing of the Ben Nevis 
bservation, on the weather of the British Islands is being 

pushed forward. 
__ The work at the Ben Nevis Observatory continues to be dis- 
charged by Mr. Omond and his a-sistants in a way that leaves 
nothing to be desired. Since the last meeting of the Society Mr. 
Omond has contributed a-valuable paper to the Royal Society 
of Edinburgh, on the observations of wind force recorded at the 
bservatory. From a comparison of the results obtained from 

the registrations of Prof. Chrystal’s anemometer, and the esti- 
mations of the force of the wind made by the observers on scale 
0 to 12, he has determined the velocity in miles per hour for 
each figure of the scale, 1, 2, 3, &c. The highest figure for 

_ which the double observations were sufficiently numerous, so as 
| to give a good average, was 8, which was found to be equivalent 
to a rate of 73 miles an hour. This velocity is of frequent 

j Occurrence ; and as regards the higher force 11, which occasion- ‘e 
4 | ally occurs, Mr. Omond estimates its equivalent at 120 miles an 
hour. Observations on the rain band have been undertaken by 
_ Mr. Rankin, the first assistant. 

__ The hygrometric observations made by Mr. H. N. Dickson at 
the Scottish Marine Station and the Observatory have now been 
partially discu sed by him, and the results submitted to a recent 
meeting of the Royal Society of Edinburgh. These results are of 

| considerable value in determining how far Glaisher’s factors, so 
_ largely used by meteorologists in hygrometric inquiries, may be 
used satisfactorily. As regards the remarkably dry states of the 
atmosphere, which are so prominent a feature in the climate of 
the Ben, Glaisher’s factors are altogether inapplicable, and hence 
the hygrometric observations of the Observatory, therefore, will 
require a specially constructed set of tables. 

The zoological work at the Marine Station has been carried 
on regularly. The principal work since March last has been 
the examination of the ova and larvze of fishes. Endeayours 
have been made to obtain the early stages of as many species as 
possible, and as only a few species breed at one season, con- 
siderable success has been achieved. The results of this work 
have been communicated to the Royal Society. 
_ Since the last meeting the Physical Department of the Scot- 

_tish Marine Station has been actively engaged in carrying on 

(the Thurso at three points, the Tummel, Forth at two points, 
Teith, Tweed, and Derwent) is being observed daily. _ Mr. 
florrison has continued his monthly trips to Loch Lomond and 

Loch Katrine, where he has observed the vertical distribution 
of temperature. The work on the Firth of Forth, usually carried 
on solely by serial temperature observations made on the A/edusa 

inside the Isle of May, has been supplemented by the captain of 
one of the Granton steam-trawlers, who was supplied with a deep- 
sea thermometer, and has been using it to good purpose in the 
North Sea fron 30 to 60 miles off shore. ‘The tidal variations 
of salinity in the estuary of the Forth were investigated by Dr. 
Mill and Mr. Morrison during a week’s stay at Kincardine, and 
the result embodied in a paper read to the Royal Society of 
Edinburgh. Two trips of the A/ed@usa on the Clyde supplied 
data for a paper which is presented to this meeting, as well asa 
quantity of observations not yet fully worked up. 

The work of collecting and discussing the sea temperatures 
around the coast of Scotland is being carried on by Dr. Mill 
and Mr. Morrison. Since last meeting the Meteorological 
Council of London has lent all the sea observations made at the 
Scuttish Coast-Guard Stations from 1879 to 1885 ; and observa- 
tions of river temperature made by direction of the Duke of 
Sutherland and Mr. Boyd, Peterhead, have also been received. 
The Government Grant Committee of the Royal Society of 
London has given a grant of 50/. towards the completion of 
this work. Thermometers have been lent for use in the deep 
water off Shetland to Mr. F. Coulson, who is at present on a 
dredging trip in his yacht in that locality. The National Fish 
Culture Association of England, which has been in correspond- 
ence with the station for some time as to physical observations, 
has now commenced operations at several light-ships and on 
board the mission-smacks in the North Sea. 

Mr. John Murray, of the Challenger Expedition, made a com- 
munication on the extent of the areas of the different mean 
annual rainfalls over the globe. He had been led to undertake 
this inquiry so as to find out the amount of material carried 
down from the land to the ocean, and which went to form ocean 
deposits. The amount of rain that fell upon the surface of the 
globe annually was estimated at about 34,000 to 35,000 cubic 
miles. Taking the inland drainage areas disconnected with the 
sea, such as the Sahara Desert, it is found that 77 cubic miles of 
rain fell upon these surfaces, which must be regarded as equi- 
valent to the amount of evaporation. The Americans had 
calculated that 99 million millions of cubic feet of rain fell 
annually over the Mississippi drainage area. Calculating the 
outflow of the river, they estimated that only one-fourth of that 
water reached the ocean. By extending their inquiry over large 
areas, it was hoped that it would be made of some practical 
importance. 

Dr. H_ R. Mill, of the Scottish Marine Station, read a:paper 
on the temperature of the water in the Firth of Clyde and its 
connected lochs. The configuration of the water system was 
explained by means of a bathymetrical chart. Roughly speak- 
ing, the Firth of Clyde contained two tracts of deep water—one 
in which the water is over 70 fathoms deep, running up Kil- 
brannan Sound, and the other rather deeper between Arran and 
Ayrshire—uniting with the first at the north of Arran, and 
continuing up Loch Fyne to near Ardrishaig, attaining its 
greatest depth off Skate Island, near Tarbert, where it is 107 
fathoms. ‘hese tracts of deep water are separated from the 
Atlantic by a broad plateau, which extends between the Mull of 
Cantyre and Girvan, and rises to within 25 fathoms of the 
surface. There are also three shallow lochs—Gareloch, Holy 
Loch, and Loch Ridden ; and four deep lochs—Upper Loch 
Fyne, Loch Goil, Loch Strivan, and Loch Long—which are 
shut off from communication with the outside waters by barriers 
rising in some cases to within a few fathoms of the surface. Dr. 
Mill then gave an account of the temperature in each of the 
regions as were ascertained during trips of the AZedwsa in April 
and June. He omitted, he said, discussing in detail the indi- 
vidual observations until fuller investigation gave the data for a 
general theory. In April, surface temperature over the whole 
Clyde district varied only from 42° to 45°, and the temperature 
at considerable depths had a range of not more than half a 
degree—41°°3 to 41°°8. The warmest water was found on the 
barrier plateau at the south end of the firth, and outside it, the 
deep lochs came next, and then the deep open basins. In all 
cases the temperature fell gradually, proceeding downwards for 
about 10 or 15 fathoms, and then remained constant to the 
bottom. By June a considerable heating of the surface-layers 
had taken place, and the different regions had undergone changes 
to a very different extent. The shallow lochs had been heated 
apparently from the surface and from the bottom ; the greatest 
rise in temperature was found beyond the plateau, then in the 
deep open basins, and the least in the deep lochs, one of 
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which, Loch Goil, was only half a degree warmer than in 

April. The range of surface temperature in June was from 

45° to 53°, and of bottom temperature from 42° to 47°°3, 

according to locality. Constant temperature to the bot- 

tom commenced at a much lower depth than in April. 

In the upper basin of Loch Long, which was discussed with more 

fulness, the surface-temperature was 48°°4, at 10 fathoms it was 

°-9 and from 55 fathoms to the bottom at 70 fathoms it was 
my) 

44°. But between 10 fathoms and 55 fathoms the water was 

colder than at either of these points, reaching its lowest tempera- 

ture of 42°°8 at 20 fathoms. It thus appeared that a lenticular 

mass of water floated between the warmer strata, the opinion as 

to the cause of which was meantime reserved until further light 

can be thrown on the phenomenon. In the Clyde district, 

Dr. Mill said, physical configuration is the determining cause 

of differences of temperature, and it appears that as the season 

advances, warmth descends from the surface everywhere by 

conduction, and travels inward from the sea by conduction and 

convection. The study of water climate, he said, was likely to 

lead to important results, but it must he carried on by a large 

number of observers, who would note the temperature of rivers 

and of falling rain, before any degree of completeness could be 

obtained. The paper was illustrated by a series of admirable 

charts. 

SCIENTIFIC SERIALS 

THE Fourna! of the Franklin Institute, August.—Capt. O. E. 

Michaelis, the applications of electricity to the development of 

marksmanship. ‘This is the conclusion of an interesting paper 

on chronoscopic and chronographic methods, illustrated by cuts 

of recent instruments.—W. Lewis, experiments on transmission 

of power by gearing (conclusion of the discussion).—F, Lynn- 

wood Garrison, the microscopic structure of car-wheel iron.— 

G. Richmond, the refrigeration-machine as a heater.—C. Hoele, 

a method of designing screw propellers.—F. E. Ives, correct 

colour-tone photography with ordinary gelatine bromide plates. 

A proposal to reduce the sensitiveness of the bromide films to 

the blue and green rays, by introducing into a plate-glass tank 

mixtures of aniline colour solutions, chiefly yellow and red, in 

certain proportions, thereby equalising the sensitiveness through- 

out the range of the visible spectram.—Joshua Pusey, sugges- 

tions towards a simplified system of weather signals, termed the 

index weather-signal system.—P. E. Chase, Herschel and Jevon 

on density of the ether. 

Annalen der Physik und Chemie, vol. xxvili, No. 8, August 

1886.—Prof. G. Quincke, electrical researches, No. xii., on the 

properties of dielectric fluids under strong electric forces. The 

dielectric constant of a number of liquids is examined by two 

methods, by attraction between two plane parallel plates im- 

mersed in the liquid, and by discharge of their charges through 

a galvanometer. High potentials were obtained by a Holtz 

machine, and measured by a long-range electrometer up to 

30,000 volts. The results show that with high electric forces 

the dielectric constant is less than with lower electric forces ; in 

other words, there exists an apparent tendency to saturation in 

inductive capacity. Measurements of the dielectric constant are 

always from 10 to 50 per cent. higher when made by the 

balance-method than those made by the condenser discharge 

method. In different dielectric fluids the spark-distance for the 

same difference of potentials is different, and always much 

shorter than in air. The potential requisite to produce a spark 

within a dielectric liquid increases with the spark-length, but at 

a slower rate. The strength of a steady electric current ina 

dielectric fluid increases more rapidly than the electromotive 

force which produces it ; an exception, apparently, to Ohm’s 

law.—L. Sohncke, electrification of ice by water-friction. Ex- 

perimental proof that water becomes negatively electrified and 

ice positively electrified by mutual friction. The author thinks 

thereby to explain the origin of thunderstorms by friction of 

cumulus and cirrus clouds.—E. Edlund, researches on the 

electromotive force of the electric spark. He finds the counter- 

electromotive force of the electric spark to be divisible into two 

parts, one at each pole, that at the positive pole decreasing, and 

that at the negative pole steadily increasing, as the air-pressure 

is diminished. He regards this as explaining the anomalies of 

unequal heating of the electrodes. —W. Donle, contributions to 

knowledge of the thermo-electric properties of electrolytes. 

According to these experiments the thermo-electromotive force 
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between two electrolytes, such as solution of sulphate of coppel 

and sulphuric acid is approximately proportional to. the ditfer- 
ences of temperature of the points of contact; the proportion- 
ality varying in some way with the concentration of the solu- 
tions. The electromotive force is usually less with more con 
centrated solutions. Through the heated junction of a chloride 
and a sulphate the current flows from chloride to sulphate. — 
Auerbach, on the electric conductivity of metal powders. 
Precipitated silver was used. The author finds an enormous 
reduction when the density is increased by mechanical force. 
R. Kriiger, on a new method of determining the vertical in- 
tensity of a magnetic field. This method consists in sending an 
electric current radially through a horizontal copper disk sus- 
pended by a thin wire, and observing the rotation of the disk,- 
R. Maurer, on the ratio of the sectional contraction to the 
longitudinal elongation produced in rods of glue-jelly. The 
rods were made of gelatine and water, and of gelatine and 
glycerine. One of the methods was an electrical one, consist- 
ing in observing the change of electrical resistance on stretching. 
These jelly rods exhibit the phenomena of residual strains very 

markedly.—M. Hamburger, researches on the duration of the 

impact of cylinders and spheres.—Dr. K. Noack, on the fluidity 

of absolute and diluted acetic acids. Curious minima of fluidity 

are observed by the author, varying with concentration and wit! 

temperature.—W. Miiller-Erzbach, the law of decrease of 

absorbing power with increasing distance. 

SOCIETIES AND ACADEMIES 

EDINBURGH ‘ 

Royal Society, July 19.—Mr. Robert Gray, Vice-President 

in the chair.—The Right Hon. Lord Rayleigh communicated 

paper on the colours of thin plates. He has laid down on 

Maxwell's triangle of colours a curve representing the variation 

of the colours of thin plates as the thickness of the plates in- 

creases.—Prof. Dr. Fr. Meyer communicated a paper on alge- 

braic knots.—Prof. Tait described Amagat’s ‘ manométre a 

pistons libres.” —Prof. C. G. Knott communicated a paper on 

the electrical properties of hydrogenised palladium. This paper 

contains the results of experiments on the resistance and thermo 

electric properties of hydrogenium or hydrogenised palladium. 

Up to a temperature of about 200° C. no special peculiarity is 

noticeable ; but at that temperature, or a little higher, hydrogen 

begins to escape from the wire, and this causes the particular 

specimen of hydrogenium to recover partially, if not wholly, its 

pure palladium characteristics. It is known that the resistance 

of a palladium wire charged with hydrogen at ordinary atmo 

spheric temperatures increases at_a rate almost strictly propo: 

tional to the amount of charge. 
at all temperatures up to 150° C., and in such a way that the 

total increase of resistance of a given palladium wire for a given 

rise of temperature is nearly the same at all charges ; or the 

temperature-coefficient for any particular specimen of hydrogen- 

ised wire is practically inversely proportional to the resistance 

as compared with the resistance of the wire in its pure uncharged 

state. Just before the hydrogen begins to escape, the resistance 

begins to increase somewhat more rapidly than at lower te 

peratures ; and this peculiarity is more marked in the specimens: 

of higher charge. When once the hydrogen begins to escapes 

the resistance begins to fall off rapidly as the temperature rises. 

to 300° C. At this temperature the wire cannot be distinguished: 

as the wire is cooled down again. 

below 150° C., the current is from pure palladium to hydro 

genium through the hot junction, is probably proportional to the 

difference of temperature in each case, and is greater for the 

greater charge. Thermo-electrically, fully saturated hydroge 

nium lies between iron and copper at ordinary atmospheric tem- 

peratures. On the thermo-electric diagram the hydrogeniums of 

different charge are represented (up to a temperature of 150° C.) 

by a series of straight lines perallel to palladium, whose thermo 

electric powers at o° C. range roughly from — 600 (pure palladium) 

to + 1400 (saturated hydrogenium) expressed in C.G,S. units 

(Compare Everett’s ‘‘ Units and Physical Constants,” p. 151.) 
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_ the slightest inequality in temperature. 

_ produced by hand. 

_ placed on a 2-inch diameter wooden 
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In other words, the electromotive force in a circuit of palladium 
and saturated hydrogenium,’ the temperatures of the junctions 
being 0° C. and 100° C., is 20 X 10 C.G.S. units, or ‘002 volts. 
The thermo-electric peculiarities of hydrogenium may be prettily 
shown by the following simple experiment. Let a palladium 
wire, by immersion to half its length in the electrolytic cell, be 
hydrogenised throughout that half length. Attach the ends of 
this seeming single uniform wire to the terminals of a galvano- 
meter, and let a flame be allowed to play gently at the central 
point of the wire. A large current is at once obtained, which 
grows to a maximum, and then diminishes to zero as the tem- 
perature rises toa red heat. There is no such current during 
cooling. This spurious neutral point is due to the hydrogen 
being driven out of the heated portion, partly, no doubt, into 
the contiguous colder portions. By following up with the flame 
the ever-shifting point of separation between the charged and 
uncharged portions, we may repeat the experiment indefinitely 
until the hydrogen is all driven out of the wire, or until the 
distribution of hydrogen has become fairly uniform,—Mr. 
Thomas Andrews communicated a paper on the electro-chemical 
reactions between metals and fused salts.—Mr. H. N. Dickson 
communicated a paper on the hygrometry of Ben Nevis and the 
Scottish Marine Station.—Mr, J. T. Morrison read a paper on 
the temperature of Loch Lomond and Loch Katrine during 
winter and spring ; also, a note on the surface temperature near 
a tidal race.—Mr. John Aitken gave further remarks on dew.— 
Prof. J. B. Haycraft gave a communication on the nature of the 
objective cause of sensation. 

SYDNEY 

Royal Society of New South Wales, July 7.—H. C. 
Russell, F.R.A.S., in the chair.—The following papers were 
read :—Further additions to the census of the genera of plants 
hitherto known as indigenous to Australia, by Baron Ferd. von 
Miiller, K.C.M.G., F.R.S. The author gives the number of 
Australian plant-genera recorded hitherto as 2248.—Notes on 
improvements in the construction of reflecting telescopes by 
hand, and experiments with flat surfaces, by Mr. H. F. Madsen. 
The author showed an 18-inch speculum, and the glass tool 
with which it wasworked. The latter was composed of three 
plates of 1-inch rough glass cemented to form a solid block, and 
worked to about one-quarter more convexity than the required 
concavity of the speculum, which was partly hollowed out at first 
by a leaden weight and emery. The speculum-glass was then 
ground by hand over the block, the two forming themselves into 
perfectly spherical surfaces having a high reflective power, and 
free from irregularities of less than 1/50,000 inch. ‘The specu- 
lum, having now an absolutely true surface, was polished with 
emery upon pitch, it being uppermost, and moved round with- 
out pressure. The pitch-polisher had an improved graduation, 
the result being that, without side motion, the speculum was 
polished by hand for hours without producing the trace of a 
ring. Both polisher and glass having been regularly raised in 
temperature, were left together until cool, when ten minutes was 
required to give the true parabolic curve, the glass being simply 
revolved on the polisher, great care being taken to avoid 

Without the aid of 
machinery, it is doubtful if larger specula than 18-inch could be 

Mr. Madsen investigated the thickness of 
the silver film of a speculum by a novel optical method, and 
confirmed the late Dr, Draper’s ‘‘chemical” estimate, viz. 
-1/200,000 inch. Two perfectly flat surfaces 5 inches diameter 
were taken and illuminated by a homogeneous yellow light of 
1/44,000 wave-length, falling at an angle of 30° incidence 
(Brashear’s colour-test), whereby a series of straight dark and 

_ coloured bands were visible. By silvering half the upper surface 
of one of these glasses the bands were displaced or broken at 
the edge, a distance of about 2 (x being the distance between 
two succeeding bands). The thickness of silver, 5, would be 
expressed by 

A (wave-length) 

5 

Several measurements gave less than 1/300,000 inch. Under 
the same optical methods the effects of heat and cold were ren- 
dered plainly visible and measurable. The true surfaces were 

chuck ; the light falling at 
On applying the finger without 

sec 30 = 0°c0000525,. 

65° gave a uniform colour. 
~ pressure upon the centre of the top glass, the colour changed to 

reguiar concentric rings, causing the glass to become concave by 
a measurable quantity. Placing the glass upon an iron support 
produced convexity (1/30,000 inch) ina regular curve. With a 
pressure of 8 lbs. on the centre, two wide bands of colour ap- 
peared, crossing in the centre, straining the glass in two direc- 
tions, and destroying its figure. These experiments show how 
the defining power of specula and lenses is injured by tempera- 
ture. 

Paris 

Academy of Sciences, August 30.—M. Emile Blanchard in 
the chair.—In the name of the Academy the President felicitated 
M. Chevreul on his hundredth anniversary, remarking that the 
case was unique in the annals of the Academy ; even Fontenelle, 
although spoken of as a centenarian, having died shortly before 
reaching that venerable age. M. Chevreul replied with a few 
touching words of gratitude for the sympathy of his confréres, 
after which a telegram was read from the University of Kasan 
complimenting the patriarch of the scientific world on his long 
and laborious life, so fruitful in valuable contributions to the 
progress of the technical arts.—On a remarkable case in the 
problem of planetary perturbations, by M. F. Tisserand. In 
the case of two planets revolving round the sun, or of two satel- 
lites round their planet, in orbits slightly inclined towards each 
other, it is shown that even if the proper excentricity be null 
there may be a very sensible apparent excentricity. In other 
words, if the movement of one orb was originally circular and 
uniform, the perturbations caused by the other would transform 
this movement into one approximating to a Keplerian elliptical 
orbit with a uniform rotation of the long axis. These results 
are compared with those obtained by A. Hall and S. Newcomb 
for the Saturnian satellite Hyperion, in so far as its movement 
results from the perturbations caused by the larger satellite 
Titan. —On the atomic weight of germanium, by M. Lecoq de 
Boisbaudran. The atomic weight of this body, provisionally 
determined by M. Winkler at 72°75, and by the author theo- 
retically at 72°28, is now found by M. Winkler to be 72°32. 
The law of proportionality between the variations of the atomic 
weight and those of the waye-lengths, a law already applied to 
gallium, here receives a fresh and important confirmation. It 
becomes at the same time highly probable that no appreciable 
error now exists regarding the atomic weights of caesium, rubi- 
dium, potassium, indium, gallium, aluminium, tin, and silicium. 
In fact the wave-lengths and atomic weights of Cs, Rb, K, In, 
and Al have served to calculate spectrally the atomic weight of 
gallium (afterwards verified analytically), while the A and atomic 
weights of In, Ga, Al, Sn, and Si have helped to determine 
spectrally the atomic weight of germanium.—Note on a reptile 
of the Permian formation, by M. Albert Gaudry. To this 
reptile, which was found by M. Bayle in the Permian 
beds of Télots, near Antun, the author proposes to give 
the name of Haftodus baylei (from értw and ddovs), the teeth 
adhering so closely to the maxillaries as at first sight to be 
scarcely distinguishable from them. In these rocks, where no 
animals higher than fishes were for a long time known to occur, 
there are now found four distinct types of Reptilia: Actinodon, 
Protriton, Stercorachis, and Haptodus.—Phosphorography ap- 
plied to the photography of the invisible, by M. Ch. V. Zenger. 
Observing Mont Blanc after sunset in September 1883, the 
author noticed that the blue-greenish glow\remained perceptible 
till 10.30 p.m. ; hence he concluded that the ice on the summit 
mingled with carbonate of lime emitted a light like that of Lake 
Geneva, and that it might be possible to fix the image of the 
mountain at night by means of the phosphorescent light of the 
ice, which is highly actinic. On his return he projected the 
images given by the photographic lenses in the dark chamber on 
a glass plate covered with a layer of Balmain’s phosphorus, just 
as such plates are prepared with collodion. After exposing it 
for a few seconds, he removed it in the dark from the chamber 
in order to place it in contact with a not very sensitive dry 
photographic plate. After an hour of contact in the dark, the 
image of the object appeared in all its details as in an ordinary 
case of photographic impression. Subsequent experiments 
tended to show that light may be absorbed, and afterwards 
slowly given back, and that images of objects invisible in the 
dark may be fixed by simple contact, or by the photographic 
apparatus. He found it useful to cover the plates with chloro- 
phyll, as when thus prepared they become sensitive to all the 
radiations of the solar spectrum from the ultra-red to the ultra- 
violet.—Observations of Winnecke’s comet made at the Obser- 
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vatory of Algiers with the 0.50 m. telescope, by M. Ch. Trépied. 
On August 23 the apparent position of this comet was :— 

Algiers mean Apparent Right Log. fact. Apparent Log. fact. 
time. Ascension. parall. Declination. parall. 

h,m. s. te pe Hes iis 

8 4 29 13 21 Ti65) :.. 11656 2... (3) 2) 30 See g0n7 31 

—On some’ non-linear differential equations, by M. Roger 
Liouville.—On the algebraic integrals of the problems of 
dynamics, by M. G. Keenigs.—Notes were submitted by M. 
Martin on an apparatus reproducing the motions of the heavenly 
bodies, and by M. L. Hugo on the geometrical forms of the 
hailstones which fell in Paris on August 23. 

BERLIN 

Chemical Society, July 26.—C. Liebermann, President, in 
the chair.—S. Gabriel has further examined isoquinoline ob- 
tained by the reduction of monochlorisoquinoline ; it melts at 20°. 
He has also prepared some new derivatives of dichlorisoquino- 
line.—Biedermann has prepared some derivatives of para- 
hydroxybenzylalcohol.—Raschig communicated a very interest- 
ing research on the nature of gold chloride. He has prepared 
nitrogen compounds corresponding to the three oxidation 
stages of gold, and these he has analysed by a new method ; he 
points out the analogy between the iodides of nitrogen and gold 
fulminate and the analogous compounds obtained from gold 
chlorides and methylamine.—Prof. Pinner reported on the {ol- 
lowing communications received by the Soc.ety :—Cleve, on 
naphthalenesulphonic acids and on the value of orientation de- 
termined with the help of phosphorus pentachloride.—P. 
Bradley, on thienylglyoxylic acid and its derivatives.—R. H. 
Mertens, on the nitration of di- and mono-methylaniline with 
dilute nitric acid. —R. Leuckart and E. Bach, on the action of 
ammonium formate on benzaldehyde and benzophenone ; bases 
are produced, that from benzophenone having the composition 

CeHs \cH .NH;. 
6H; / : 

formate with production of crystalline compounds which, how- 
ever, have not yet been further examined.—T. H. van’t Hoff 
and Ch. M. von Deventer haye studied the question of the 
temperature at which reaction takes place in chemical decom- 
position and the accompanying phenomena : first in the case of 
double salts, ¢. sodium ammonium racemate or copper 
calcium acetate; and secondly in the case of double decom- 
position, ey. the decomposition of magnesium sulphate and 
sodium chloride with formation of astracamite and magnesium 
chloride, the reaction temperature in this case being 31°.—B. 
Tollens describes what he considers the best method for pre- 
paring formaldehyde.—Werner Kelbe and H. Stein have a 
paper on the products of the action of bromine on aqueous solu- 
tions of xylenesulphonic acids. —H. von Perger gives a pre- 
liminary account of the results obtained from the action of ethyl 
acetoacetate and ethyl acetonedicarboxylate on hydrazo-com- 
pounds. 

Camphor also reacts with ammonium 

STOCKHOLM 

Geological Society, May 6.—Baron Nordenskjold gave an 
account of his researches on the atomic weights of certain rare 
terrestrial metals, pointing out the peculiar conditions under 
which they combine in some minerals. He further described 
the analyses of the dust which had fallen in 1883 in the 
Cordilleras, believed to be of cosmic origin, being connected 
with the much-discussed red glows in the autumn of that year. 
Baron De Geer expressed the opinion that the glow was a 
natural meteorological phenomenon, though very pronounced in 
1883, whilst Prof. Brogger sided with the usual view of its 
being caused by the Krakatdo eruption.—Dr. E. Svedmark 
exhibited a map of the district of Roslagen, near Stockholm, 
showing the lakes and valleys which were considered to be 
caused by the cracking of the earth’s crust. He also corrected 
the reported discovery of basalt at Toldnga, in the province of 
Scania, which on closer examination had been found to be 
diabase accompanied by the formation of tophus.—Dr. F. 
Syenonius read a paper forwarded by Dr. H. Sjogren, on the 
mud volcanoes in the neighbourhood of Baku, in which locality 
he has for a long time sojourned, in order to prosecute geological 
researches. The volcanoes occur in a line along the Caspian 
Sea some 120 miles in length. One of the greatest mud cones 
as 1000 feet high, and the crater 2100 feet in diameter, viz. 
almost equal to that of Etna, Three violent eruptions have 

taken place this and last year. They were accompanied by 
severe emissions of fire, as, for instance, once by a column of 
are 50 feet in height, visible at a distance of 80 versts. There 
are also violent discharges of gas, which on one occasion, on 
being fired, produced a fire-column 20 feet in height. The dis- 
charge was so violent that the current could only be fired at a 
height of 7 feet from the opening. The changes which the sur- 
rounding rocks and mountains had suffered through the influence 
of these volcanoes were of the greatest interest. 
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EARTHQUAKE DISTRIBUTION 

Alphabetical Catalogue of the Earthquakes recorded as 
having occurred tn Europe and adjacent Countries 

arranged to serve as a basts for an Earthquake Map 

of Europe. By Joseph P. O’Reilly, C.E., Professor of 
Mining and Mineralogy, Royal College of Science, 

Dublin. Transactions of the Royal Irish Academy, 
Vol. XXVIII. “ Sczence.” (Dublin, 1886.) 

HE distribution of earthquakes may be studied either 
geographically or topographically—either along its 

broad lines in connection with the general physics of the 
globe, or in its smaller details with immediate and minute 

reference to local peculiarities. The field of inquiry is in 
both directions vast and comparatively unexplored. As 
regards what we may call circumstantial seismography, 
little has been done in the particular application of gene- 
ral principles to explain the apparent caprices of disturb- 
ances. These are innumerable and fantastic; yet, by 
patient observation, they can to a certain extent be brought 

within the range of strict physical reasoning. The laws 

of wave-motion, taken in connection with the facts of 

geological formation, will account for a good deal. Not, 
however, for all. Subterranean agencies introduce an 
element of uncertainty into the calculation which no 
diligence or ingenuity avails wholly to eliminate. Thus, 

in South America certain districts are observed to remain 
year after year, perhaps century after century, unscathed 

amid surrounding devastation. They are hence called 

“bridges,” the disturbance seeming, as it were, to flow 

beneath them, like a river under a bridge. Prof. Milne 

suggests that their immunity may be due to the total 
reflection of earth-vibrations which would otherwise reach 
them ( Earthquakes,” p. 141). An obstacle to the pro- 

pagation of such is besides often interposed by faults and 
fissures. The partial repose of Quito is attributed to the 

frequency of cafions in its vicinity; as, similarly, the 
Capitol of Rome and the citadel of Capua were said to 
be protected by numerous deep wells or springs sunk 

round them. 
“ Bridges,” however, cannot invariably be depended 

upon. Their privilege of safety is liable at any moment 
to be withdrawn. The peninsula of Caraya, for instance, 

forming the northern shore of the Gulf of Cariaco, was 
never known to be shaken until December 14, 1797 ; yet 

it has since had its full share of disturbance. The inte- 
rior arrangement of strata was here doubtless subverted, 
and the barrier to the extension of shocks from the chalk- 
hills of the mainland to the slate-rocks of the opposite 
peninsula overthrown, by the violence of the blow which 
destroyed Cumana. Centres of disturbance, too, shift 

and travel in a way to defy anticipation ; and the effects 
of the interference of earth-waves, to which some terrific 

catastrophes, as well as many apparent anomalies of rest 

or commotion, are ascribed, can rarely be calculated 

beforehand. Nevertheless, much knowledge of high 
value, both practical and theoretical, might be acquired 
by the continuous topographical study of earthquakes in 
countries exposed to their ravages. Prof. Milne states 
that in Japan (where, through his initiative, more has 

VOL. XXXIV.—No. 881 

been done in this branch than in any other part of the 
world), although earthquakes occur there at the average 
rate of two a day, yet with proper care a building site 

may be chosen as free from shocks as if it were situated 
in Great Britain. 

The publication now under review is, however, directed 
to a different and a wider purpose. Prof, O’Reilly had 
already compiled a “Catalogue of Earthquakes” for 
these islands (see NATURE, vol. xxxi. p. 351) ; he has now 
accomplished a similar task for the whole of Europe with 
the outlying districts along the Mediterranean and Black 
Sea shores, designed to form the basis of a map showing 
the larger geognostic relations of these phenomena. 
Without some such picture, he rightly observes, no geo- 
logical map should be regarded as complete. The latter 
displays results ; the former represents the forces at work 

to produce them. The importance of earthquakes in 

geological history is great and far-reaching. Their con- 
nection with the physical structure of a country is most 
intimate. Every one of its leading features is related to 
them, either causally or consequentially. The main lines 

of jointing and fissuring, with the inseparably associated 
strike of coast-lines, are, according to a view originated 
by our author, directly conditioned by the prevailing 
direction of earthquake shocks. Its correctness can be 
tested only by statistical inquiries such as those of which 
he here gives us a laborious example. Other questions 
of interest awaiting similar elucidation relate to seismic 
action with reference to coal-fields and to the progress of 
elevation or subsidence. 

Fuchs gives many instances of shocks limited to or 
originating in carboniferous districts (‘‘ Vulkane und Erd- 

beben,” p. 196), and explains them by the progressive 
decomposition of organic matters quickened by the 
admission of air in working the shafts. The resulting 

escape of fire-damp diminishes the volume of the beds; 
they give way with a concussion, and an earthquake 
ensues. Extremely curious, in this connection, is the 

close agreement between the curves denoting the monthly 
frequency of earthquakes and of colliery explosions 
pointed out by Prof. O’Reilly (Zvavs. R. Irish Acad2my, 

vol. xxviii. p. 297). Each shows a strong and precisely 

coincident maximum in March, while the earthquake 

maximum in November is less perfectly matched by a 

conspicuous increase, one month later, in the number of 
explosions. The analogy of the equinoctial maxima of 

aurore and magnetic disturbances cannot fail to suggest 
itself; and there are other indications that seismic and 

magnetic perturbations are not wholly extraneous to each 
other. Both auroree and earthquakes, for instance, dis- 
tinctly gain in frequency during the half-year which in- 

cludes our winter season and the perihelion passage of 

the earth; and there have been too many and too close 

coincidences between their occurrences to be purely 
accidental. 

Sudden changes of level, especially depressions, are an 
ordinary concomitant of earthquakes. An internal col- 

lapse of the strata in some cases produces the shock; in 
others the shock ruptures supports or overturns founda- 

tions long unsound. Degradation by water has perhaps 

undermined them ; contractions have taken place through 
cooling, through chemical action, possibly through slow 
evaporation. At last a crash comes, and a tract of land, 

x 
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deprived all at once of its insecure props, settles down to 
a lower level, a forest perhaps subsiding into a lake, or the 

sea over-washing a stretch of shore. 

Slower processes of change, however, are probably 
far more general and effective, and with these seismic 

relations are still in part obscure. Such changes depend, 
there is little doubt, upon variations of equilibrium 

between internal forces of expansion and external forces 
of repression. Where these are accurately balanced, the 

bounding surface of the earth remains unaltered ; where 
subterranean heat gets the better of gravity, as through 

the denudation of large tracts, elevation ensues ; where 

the weight of the superincumbent strata is augmented by 
deposition, there is slow subsidence. The effects of the 
earth’s secular cooling must evidently, in the long run, 
be thrown wholly into the scale for contraction ; and yet 
it is to them indirectly that the upthrusting of mountain- 

ranges is due. These might be compared to the folds 
and creases of a garment grown too ample for the 
shrunken body it covers. The terrestrial crust, indeed, 
is less easily adaptable than an old coat; not a wrinkle 

in it but represents a series of paroxysms, every one 

implying a greater or less amount of earth-shaking, past 

and present. The snap after prolonged strain, the shift- 
ing and twisting of rocks, the fissuring and faulting, the 
slipping and wrenching and grinding of tormented 
strata in the effort to satisfy the stresses put upon them, 

all result in earthquake action of the mechanical kind. 
Thus, mountain-making is essentially a seismic operation, 

not only while in progress, but in its effects during long 

subsequent millenniums. This is one chief reason why 
the lines of earthquake distribution follow so faithfully 
the general direction of mountain-ranges. 

But besides those commotions which result from the 

catastrophic restoration of disturbed equilibrium, there 
are earthquakes of the volcanic or explosive class. This 

species has been defined as an “uncompleted effort to 
establish a volcano.” Such abortive eruptions are 

occasioned, there is much reason to suppose, by the 
sudden formation of steam at great depths beneath the 
earth’s surface. They arise where broken and disjointed 
strata facilitate the percolation of water to volcanic foci. 

A fractured crust and a plentiful aqueous store are 
their developing conditions. Hence their frequentation 
of sea-coasts. Prof. Milne remarks that most Japanese 

earthquakes originate in the Pacific, and that the steepest 
coasts are, on the whole, the most severely shaken ; as is 

easily intelligible when we consider the violence of the 
dislocations necessary to produce them. 

Earthquakes may then be broadly distributed, accord- 
ing to their kind, into two systems, now coalescing, now 

independent of each other. The explosive species 
follow volcanoes along sea-coasts, the mechanical sort 

are associated with mountain-ranges ; all attend lines of 

weakness, and are more or less closely connected with 
the shrinkage by cooling of the terrestrial crust. Thus, 

every volcanic region is liable to earthquakes; though 
there are earth-shaken districts which are not volcanic. 

The tendency to alignment in volcanoes has often been 
noticed: Prof. O’Reilly indicates a similar peculiarity in 
earthquakes, adding that the lines along which they 
range commonly approximate to great circles. This 

inference, or suspicion, can be verified only by detailed 

charting. There are great difficulties, however, in getting 
a true graphical representation of seismic activity. Not 
only deficiencies in records have to be contended with, 
but grave perplexities as to their treatment. They are 

fully admitted by our author. The number of shocks felt 
in a given spot is the criterion inevitably adopted; but 
these may vary to any extent in intensity, or may be the 
mere sympathetic reverberation of some distant cata- 
strophe. The Lisbon earthquake of 1755, for instance, 

may quite possibly have shaken every square foot of the 
globe. The ideal seismic map would be one of earth- 
quake origins, with their attendant areas of disturbance ; 

but this is at present far from being attainable ; and we 

can only acknowledge the indebtedness of science to 
those indefatigable workers who, like Prof. O’Reilly, 
promote knowledge by the best present means open to 
them. 

OUR BOOK SHELF 

Department of Agriculture, Washington: Third Report 
on the Chemical Composition and Physical Properties 
of American Cereals, Wheat, Oats, Barley, and Rye. 
By Clifford Richardson. (Washington, 1886.) 

THIS Report is an important continuation of a most valu- 
able work. The object in view is to obtain accurate 
information respecting the composition of the cereal 
grains produced in the various States. The grain 
analysed is in some cases the produce of seed issued by 
the Agricultural Department, but generally represents the 
ordinary crops of the district. A complete physical and 
chemical examination has been made of each sample of 
grain: the results are tabulated under the head of the 
State in which the grain was reared. The Report con- 
tains 77 analyses of different varieties of wheat grown in 
Colorado; 179 analyses of the kernel of oats, and 1too 
analyses of the husk; 57 analyses of rye, and 72 of 
barley. The extent of variation in composition, the rela- 
tion of physical characters to chemical composition, and the 
influence of climate, are discussed. The results are further 
compared with those obtained by investigations in Europe. 
At the close of the Report are given some detailed analyses 
of cereal grains in which sugar, starch, and the albuminoids 

| soluble and insoluble in alcohol, are separately deter- 
mined. Analyses are also given of the very various pro- 
ducts obtained from wheat by roller-milling. ‘The whole 
is a magnificent contribution to the history of cereals. 
We now know far more of the characteristics of cereals 
grown on the American continent than we do of those 
produced in the United Kingdom. When will an 
English Agricultural Department inaugurate a similar 
study ? ies 

As we have no space for the details of the results, it is 
perhaps hardly fair to criticise. We would merely 
remark that dextrin is not reckoned by the best modern 
chemists among the constituents of barley, or of other 
cereal grains that have been thoroughly investigated. 
The method used for determining starch is apparently 
one yielding too high results, while the “fibre” shown in 
the analyses is far below the total cellulose and incrusting 
matter really present. We call attention to these errors 
of method, as they are very generally met with, and it is 
high time that they were remedied. R. W. 

Longmans’ School Geography. By George G. Chisholm, 
M.A., B.Sc. (London: Longmans, Green, and Co., 
1886.) 

ONE point which the recent discussions with regard to 
geographical education in this country has brought out 
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beyond dispute is that our teachers have wretched text- 
books in geography, and Germany has been held up to 
us as the model to follow in this asin many other respects 
in regard to geographical teaching. The Germans (as 
Mr. Chisholm points out in his interesting preface) have 
had long experience in working out an advanced system 
of education ; they know that a limited period must be 
turned to account for the thorough teaching of a great 
variety of subjects, and accordingly they have learned to 
distinguish between what is indispensable as a ground- 
work and what must be omitted. In this country the 
study of geography is mainly a work of memory—the 
names of towns, rivers, mountains, with their populations, 
lengths, and heights. This and similar details are pre- 
cisely those on which the Germans lay least stress, and 
as Mr. Chisholm has “earnestly endeavoured to guide 
himself by German examples,” he anticipates that his 
book will appear more remarkable for what it omits than 
what it contains. Stated in his own words his object has 
been, in the first place, to draw a mental picture of the 
different countries and regions of the world, giving due 
relief to what is most distinctive in each region, and, 
secondly, to give special prominence to the relation of 
cause and effect, so as to enable pupils to realise that in 
geography there is something to understand as well as to 
commit to memory, in other words, to make geography a 
mental discipline as well as a body of instruction. Of 
course there is important work for the memory in geo- 
graphy as in every other branch of education, and this 
the author recognises, and provides for in his tables and 
printing. He insists, too, on the vital necessity of maps, 
without which there can be no adequate knowledge of 
geography. A text-book is supplementary to an atlas, 
and does not supersede it. These are high ideals which 
Mr. Chisholm sets before him ; let us see how he fulfils 
them. 

The whole volume contains 320 pages. ‘The first 60 
are devoted to an introduction dealing with mathematical 
and physical geography, which, as explained in the 
preface, is designed primarily for teachers, and is not 
intended to form part of the course for the pupils 
oa they have gone through the whole body of the 
ook. 
The introductionis followed bya description of continents 

and countries. Of the 260 pages which remain for this 
purpose, Europe fills 150 pages, Asia 45, Africa 16, and 
America 32. The proportions are based on the degree 
of knowledge which an educated English boy or man 
should have of the respective countries and continents. 
Some of the divisions are original. Thus English 
counties are divided into corn and grazing, the countries 
of Asia into monsoon and non-monsoon countries. We 
have specially examined the sections devoted to the 
countries of Eastern Asia, for the sins of ordinary British 
school geographies are more apparent here than else- 
where—the sins, namely, of stereotyped inaccuracy, and 
of strings of names and numbers. Mr. Chisholm has not 
a superfluous line in any of these sections, the informa- 
tion is of the latest kind, and all the knowledge that the 
average boy requires of the countries is put in a short 
space. 

As an instance of the care with which the work 
_is done it may be mentioned that the puzzling variations 
of some Japanese names (e.g. Fujinoyama, Fujisan) are 
given and explained. On the whole, we are convinced 
that there is at present no school geography in the English 
language more calculated to give adequate and intelligent 
instruction in that subject than this, and can therefore 
strongly recommend it to those teachers who have 
lamented the absence of a sound text-book. It is to be 
hoped that Mr. Chisholm may see his way to producing 
a smaller work about half the size and price of this book 
for lower classes. 
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LETTERS TO THE EDITOR 

[Zhe Editor does not hold himself responsible for opinions ex- 

pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.) 

Physiological Selection and the Origin of Species 

As Mr. Romanes has referred to my article in the current 

number of the Fortnightly Review, and stated that he is prepared 
to answer what he terms ‘the very obvious exceptions” which I 
have taken to his theory, I shall be glad to be allowed to state, 
very briefly, what those exceptions are, and to give an illustra- 
tion of one of the more important of them. en 

(1) Mr. Romanes makes a great deal of the alleged “‘inutility 
of specific characters,” and founds upon it his extraordinary 
statement that, during his whole life, Darwin was mistaken in 
supposing his theory to be ‘‘a theory of the origin of species,” 
and that all Darwinians who have believed it to be so have 
blindly fallen into the same error. TI allege, on the contrary, 
that there is no proof worthy of the name that specific characters 
are frequently useless, and I adduce a considerable series of facts 
tending to prove their general utility. ‘ 

(2) In support of his view as to the swamping effects of inter- 
crossing, Mr. Romanes objects to the assumption of Darwin, 
“that the same variation occurs simultaneously in a number of 
individuals,” adding: ‘* Of course, if this assumption were 
granted, there would be an end of the present difficulty ™; and 
his whole argument on this branch of the question rests on the 
assumption being false. I adduce evidence—copious evidence— 
that the supposed assumption represents a fact, which is now one 
of the best-established facts of natural history. : 

(3) Mr. Romanes states, as the special feature of his physio- 

logical varieties, that ‘‘ they cannot escape the preserving agency 
of physiological selection.” He gives no particle of proof of 
this, while I show that, on the contrary, it is hardly possible for 
them to survive to a second or third generation. It is on this 

point that I wish to give an illustration. Mr. Romanes speaks 

of his supposed variations as ‘‘showing some degree of sterility 
with the parent form,” while continuing to be fertile «© within 
the limits of the varietal form”; but I hold that any such 

variety (beyond single individuals) can hardly exist, while he 
has adduced no proof whatever of their existence. To show the 
improbability of their existence, let us suppose a definite case. 

In a given species there is born an individual, A, which is in- 

fertile with the bulk of the species, but fertile with some few 
individuals of the opposite sex, a, 4, c, Let there be a second 
individual, E, born from other parents in another part of the 

area occupied by the species, and fertile only with e, /, g- Other 

individuals, K, P, R, &c., may have similar relations, each 

infertile with the bulk of the species, fertile only with a few 
individuals which may be termed their physiological comple- 

ments. Now each of these, separately, is a physiological 
variety, but the whole set, A, E, K, P, R, do not form one, but 
five distinct varieties. To form one variety all of them must 
be fertile with the same identical set of individuals of the 
opposite sex, and this seems to me to be so highly improbable 
that it must not be assumed till rigidly proved. Yet there is 
not one passage in Mr. Romanes’ paper to show that he 
recognised this difficulty; on the contrary, he always speaks 

as if any number of separate physiological variations within one 
species must necessarily form one variety. It will easily be 
seen that the chances against any single variety of this nature 
being preserved are overwhelmingly great. For, first, at least 
two of the complementary individuals must survive to the 
breeding-season, and the chances against this are measured by 
the fertility of the species. If it produces ten young each 
year, the chances are between nine and ten to one against any 
one of them surviving. The chances against the /wo complements 
surviving will be about ninety to one ; and then there remains the 
chances against the two meeting at the breeding-season, for, by 
the assumption, there is nothing whatever to bring them together 
but chance, and this may be any number of thousands to one. 

There are, no doubt, other possible cases in which the physio- 
logical variety might be continued, but, as I have shown in my 
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paper, the chances against it are always very great. Here, then, 
are three objections to Mr. Romane;’ theory which seem to me to 
be weighty and fundamental ; yet he says, in effect, that he 
anticipated, and is prepared to answer, them. This, I must 
say, puzzles me; because in the whole of his lengthy paper, 
occupying seventy-five pages, I cannot find any adequate recog- 
nition of their existence, or any attempt whatever to answer 
them. 
My apology for writing this is that I am shortly leaving Eng- 

land, and wish the readers of NATURE, who may not have seen 
the Fortnightly, to be aware of the character of the objections 
which Mr. Romanes declares that he anticipated, but apparently 
thought of too little importance to require any discussion in his 
paper. ALFRED R. WALLACE 

I AM sorry that I have not succeeded in making my meaning 
clear to Mr. Romanes. I had hoped that my former letter 
(NATURE, September 2, p. 407) would have given some indica- 
tion as to my father’s views. With regard to the sentence 
quoted from the ‘‘ Origin of Species,” our views seem to differ 
so much that it seems u eless to prolong the discussion. 

FRANCIS DARWIN 
Golf Club, Felixstowe, September 13 

I HAVE read the numerous notes and lettersin recent numbers 
of NATURE upon the origin of species and varieties with great 
interest. It seems to me that all your correspondents are raising 
an imaginary difficulty. i 

““Tf it is to the advantage of some particular variety not to 
resemble the parent form,” then that variation must have been 
produced by some efficient cause acting upon the parent form 
alone. Is it not obvious that that cause still acting will be still 
more potent in producing that particular variation when the 
parent form intercrosses with the variety? This is, of course, 
supposing that the new variety is suitable to its environment ; if 
it is not so, no amount of ‘‘ propping up,” whether by 
“famixia ” or otherwise, would perpetuate it. 

If, as is probably the fact, varieties or incipient species have 
arisen from individual divergences, amixia would tend to im- 
mediately suppress them in the case of animals and dicecious 
plants, as a new generation could not possibly arise without 
intercrossing with the parent stock. J. H. A. JENNER 

4, East Street, Lewes 

I SHOULD be glad to call Mr. Romanes’ attention to a letter 
by Mr. Edmund Catchpool, published in Naturr, November 6, 
1884 (vol. xxxi. p. 4), where he will find his theory of physio- 
logical selection very clearly put forward. 

FRANK EVERSHED 
113, Darenth Road, Stamford Hill, N. 

Solution Discussion at the British Association 

If was a pity there was no discussion on solution in British 
Association, Section B, on Thursday last. More than the whole 
day was taken up with reading a great many papers, some of 
them having very little to do with the subject, so no time was 
left for discussion. I was indeed, by the courtesy of the Vice- 
President and the patience of the few remaining listeners, 
allowed to make a few remarks, but of course it was only 
possible for me to indicate that I had something to say. 

In the papers referred to a good deal was said of solution 
being due to purely physical causes. Now this is either a 
truism or a veil to hide ignorance, and I am sure no one was 
a bit the wiser. What we want to get at is THE physical cause 
of solution. Again, a great deal was made of the part 
of the heat of solution that might be accounted for by the con- 
traction in volume of the solution. This looks very learned and 
scientific, and no doubt is interesting from some points of view, 
but even if all the heat could thus be accounted for, it would 
not advance our knowledge of the cause of solution ; it is merely 
surrounding the subject with cobwebs. The question would still 
remain, What is THE physical cause of this contraction ?, and I 
maintain it is due to the affinity of all the elements for one 
another acting as pointed out in my papers on chemical affinity 
and solution published in NATURE, April 29 and July 22 of this 
year. The truth is, chemists, for convenience of study, drew a 
circle and called all within this ‘chemical affinity,” and then 

forgot that the circle was their own making, and imagined it 
was Nature’s work. ‘This restriction has served its day, and 
must now be obliterated if we would understand the plainest 
teaching of the laboratory and make continued progress. 

Portobello, September 9 Wm. DURHAM 

Actinotrocha of the British Coasts 

In NATURE of August 19 (p. 361), which I have only seen” 
to-day, my friend, Mr. J. T. Cunningham, records as a novelty 
the finding in 1883 of Actinotrocha off Cromarty Firth. 
Without giving an exhaustive note of its occurrence off our 
shores since the discovery in 1856 of Phoronis by the late able 
and accomplished Dr. Strethill Wright, viz. one species from 
Ilfracombe, and another on an oyster-shell from the neighbour- 
hood of Inchkeith in the Firth of Forth, the following remarks 
may be of interest. So long ago as 1858 the late Dr. Spencer 
Cobbold found Actinotrocha near Portobello, as was likely after 
Dr. Wright’s discovery, and I have also since met with it inand 
off the Forth. Moreover, at the meeting of the Microscopical 
Society at which Dr. Cobbold read his paper, the lamented 
Dr. Carpenter mentioned that he had found Actinolrocha in 
abundance off the Island of Arran, probably when working at 
Tomopterts and other surface-forms with his friend, the enthusi- 
astic E, Claparéde, of Geneva. Besides these localities, Prof. Kol- 
liker (‘* Kurzer Bericht an der westkiiste von Schottland,” Zeztsch. 
f. w. Zool., Ba. v. 1864) describes the occurrence of a Phoronts 
apparently identical with Dr. Wright’s P. Aippocrepia from Mill- 
port on the larger Cumbrae in the Clyde, a region in which the 
steam-yacht M/edusa from Granton has lately been at work. It 
is probable, indeed, that Pkoronts and its larval form (Actino- 
trocha) are more generally distributed round our shores than 
the scanty notices of them would lead one to suppose. Old 
shells in and off the mouth of the Forth, off the western shores, 
and these and other structures in the littoral region on the 
southern coast of England, as well as the shores of the Channel 
Islands, will probably produce many examples of Phoronts, while 

| the careful scrutiny of the contents of the tow-net in similar 
localities will yield corresponding results as regards Actino- 
trocha. W. C. McInTosH 

St. Andrews Marine Laboratory, August 25 

The Manatee 

I Norice in the review of Dr. C. Hartlaub’s work on the 
Manatees, which appears in your issue of July 8 (p. 214), that 
the geographical range ascribed to that animal on the West 
Coast of Africa has its southern limit at the Quanza. <A refer- 
ence to earlier writers would, I think, justify us in believing that 
the manatee was once to be found as far south as the Cape of 
Good Hope, or else that it has been confounded with the hippo- 
potamus, 

Dapper, in his description of the Cape Settlement, speaks 
both of sea-cows—‘“‘zee-koeien of zee duivels, zoo groot als 
koeien, die bij wijlen te lande gaen weiden ”—and of sea-horses 
—‘‘zee-paerden, een zeer groot en wonderijgelyk zee-gedrocht ” 
(‘‘ Naukenge Beschrijonige der Afrikaensche gewesten,” p. 266 ; 
Amsterdam, 1676). 

Here the hipp>potamus is evidently the see-koe or sea-cow, 
which occasionally feeds on dry land. May not the zee-gedvocht, 
the sea-monster, have been the manatee? 

For Valentyn, also writing of the Cape of Good Hope, refers 
very explicitly to the manatee :-— 

“* Onder de zee dieren telt men de zee koejen, de hier zeer veel 
en ongemeen swaar vallen, alzoo men er zommige van 4 of 5000 
ponden gezien heeft. In West Indien socmt men dit dier Manati 
bij de Indianen, en anderen noemen het wel een Lamantine ; 
hoewel er zijn die beide deze dieren nog eenigzins onderscheiden. 

“« Diergelijk zwaar zee paarden heeft men er ook, hoewel wat 
verder van de Kaap af, gezien. Zij vallen doorgans kastaniebruin ” 
(‘* Beschrijung van Kaap de Goede Hoop,” p. 115 ; Dordrecht 
and Amsterdam, 1726. Eighth volume of ‘‘ Oud en Nieuw Oost 
Indien ” ). 

But here the manatee is called the sea-cow. What is the sea- 
horse (zee-faariden)? Can it be what Leguat saw at sea on his 
voyage from Amsterdam to the Cape —which he reached twelve 
days after the vezcontre ? ae in: 

“Le premier jour de l'an 1691 nous etimes le plaisir de voir 
assez distinctement une vache marine de couleur roussatre (cf. 
the ‘*kastaniebruin” of Valentyn) ‘‘qui faisoit voir la téte entiére, © 

———— 

Lf 
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et quelquefois de la moitié du corps hors de l'eau. Elle était 
_ onde et €paisse et paraissoit plus massive que nos plus grandes 

f 

vaches. . . . Unde nos matelots nous assura que ces animaux 
avoient les pieds, comme vous pouvez voir dans la figure que 
voici.” 

This figu-e, however, except for the toes, which resemble fins 
or webbed feet, is unmistakably the hippspotamus! (See 
** Voyage et Avantures de Francois Leguat,” vol. i. p. 353 
Londres, 1798.) Leguat did not apparently consider it a 
manatee, for on p. 93 he gives a full description, with plate, of 
the lamentin or manati, which ‘‘se trouve en grande abondance 
dans les mers de cette Isle’’ (Rodviguez). The skin is 
“noiratre.” 

Pére Tachard plainly calls the hippopotamus the vache 
marine—he is speaking of the Cape: ‘‘on voit dans les grandes 
Rivieres un animal monstrieux, qu’on appelle Vache Marine, et 
qui égale le Rhinocéros en grandeur” (‘‘ Voyage de Siam,” 
yol. i. p. 78; Amsterdam, 1688). The plate accompanying is 
the hippopotamus, and we know that the Dutch colonists have 
always called this pachyderm the ‘‘ zee-koe.” 

Kolbe (‘* Caput bonae spei hodiernum,” p. 167, Niirnberg, 
1719) speaks of the ‘‘zee kuh,” the ‘“‘meer kuh,” the ‘‘zee 
pferd,” and the ‘‘kuh fisch,” all of which he appears to consider 
different names for the hippopotamus, notwithstanding that ‘‘in 
dem Tartarisch meere grosse Kiih-Fische schwemmern, die 
grosser als unsere Kiihe in Europa waren, aber weder Schuppen 
noch Horner hatten.” This must be the dugong, surely. 

Bogaerts (‘‘ Asia,” p. 105 ; Amsterdam, 1711) distinguishes 
between ‘‘zee-paarden” and “ zee-koien.” 

Dampier’s mention of the manatee is probably well known :— 
“* While we lay here (Blewfield River, between the Nicaragua 
and Veragna Rivers) our Moskito men went in their canoa and 
struck us some manatee or seacow. Besides this Blewfield 
River I have seen of the manatee in the Bay of Campeachy, on 
the coast of Bocca del Drago and Bocco del Toro, in the River 
of Darien, and among the South Keys or little Islands of Cuba. 
. . - I have seen them als» at Mindanea, one of the Philippine 
Islands, and on the coast of New Holland.” Then follows a 
full description (see Dampier’s ‘‘ Voyage Round the World,” 
vol. i. p. 33 e¢ seg., also pp. 2, 9, 41, 381, 463, and 547 ; London, 
1729). Dampier also points out that the so-callel manatee of 
St. Helena is really a ‘‘sea-lion.” 

Cape Town, August 4 W. HAMMOND TOOKE 

Time Reform in Japan 

THE following communication may perhaps interest your 
readers. 

On my return home from America and Europe, I presented a 
report on the resolutions of the International Meridian and Time 
Congress, held at Washington last year, to which I was sent as 
a delegate. A Committee was appointed to discuss the matter 
contained in my report, and reported favourably. The follow- 
ing decree was issued on July 12, 1886, under the Imperial 
seal :— 

(1) The meridian passing through the centre of the transit 
instrument at the Observatory of Greenwich shall be the initial 
meridian for longitude. 

(2) Longitude shall be counted from this initial meridian in 
two directions up to 180°, east longitude being + and west 
longitude - . 

(3) On and after the first day of the first month of the twenty- 
first year of Meiji (January 1, 1888), the time of the meridian 
of 135° E. shall be used as the standard time throughout the 
empire. D. Kikucar 

Science College, Imperial University, Tokio, Japan 

Tremblement de Terre du 5 Septembre 

L’&BRANLEMENT des couches terrestres, qui peut étre considéré 
comme la suite du trembleterre du 27 aoiit, a eu son centre dans 
le Piémont, dans les environs de Su-e, au pied du Mont-Cenis. 
Le phenoméne a été composé des secousses suivantes, qui ont 
toutes été tres-faibles dans la Suisse. 

Secousses préparatoires. 4 septembre, 11th. 35m. soir (heure 
de Berne) Colombier (Neuchatel) ; 5 septembre, Sh. 16m. soir, 
Briangon (Hautes-Alpes, France). 

Grande secousse. 5 septembre, 8h. 55m. soir. Nous en 
avons des observations de Bienne, Berne, Lausanne, Morges, 
Geneve, Vevey, Aigle, Villars-sur-Ollon, Bex, Mouthey, Trois- 
torrents, Sion, Saviese. 

Secousses consécutives. 5 septembre, 11h. 55m. soir, Geneve ; 
6 septembre, 4h. rom. matin, Mouthey (Valais) ; 7 septembre, 
oh. 43m. matin, Genéve. F.-A, ForEL 

Morges, 12 septembre 

Lunar Rainbow 

A BEAUTIFUL lunar rainbow was plainly visible here for a 
few moments last evening. The eastern sky being clear, the 
moon looked fully out from behind dark clouds in the west at a 
moment when rain was falling lightly. Turning quickly away 
from her light, in the hope of seeing a bow, I was not dis- 
appointed. A semicircle of pale, whitish light, was projected 
against the eastern sky, much smaller in diameter, apparently, 
than a sun-bow, and without any traces of colour. 

Reflecticg on the circumstance that repeated efforts have 
never, previously, enabled me to see a lunar bow, although the 
conditions necessary for its formation are common enough, Iam 
tempted to think that the phenomenon can only be seen when 
the atmosphere is unusually clear. The light issuing from the 
bow is so faint that the slightest mistiness of the air intervening 
between itself and the spectator is probably sufficient to, practi- 
cally, extinguish it. Last night the air here and over the 
Channel was extraordinarily pellucid, lights on the French coast 
which are hardly ever seen being plainly visible, while others, 
nearer neighbours, flashed with most unusual brilliancy. 

D. PIDGEON 
Arthur Villa, Hythe, Kent, September 6 

Aurora 

THE aurora seen in Ireland on July 27, and described in 
Narure, August 5, p. 312, was visible in this vicinity. It was 
the finest observed thus far this year, with the exception of that 
of May 8. Other dates on which the aurora has been seen in 
this locality recently are as follows: June 29, June 4, and 
April 14. It has been noted that these appearances of the 
aurora have been coincident with the return of the disturbed 
area on one side of the sun (see NATURE, July 22, p. 278), and 
likewise with widespread and violent storms. 

Lyons, New York, August 25 M. A. VEEDER 

THE SOLAR ECLIPSE OF AUGUST 29 

“THE following communication, dated Grenada, Sep- 
tember 5, is published by the 7zmes from its 

correspondent with the Eclipse Expedition. It should 
be compared with the communication made by Prof. 
MacAlister to Section A at the Birmingham meeting of 
the British Association (NATURE, September 9, p. 441), 
and with the article in the same number (p. 437), describ- 
ing the arrangements for observation. 
“The observations of the corona during the last two 

eclipses, including that observed in Egypt, have been 
confirmed by the present. Capt. Darwin’s observations 
with the coronagraph seem disappointing, the glare of 
irradiation from the body of the sun, and not the true 
corona, being visible on his plates. The bright lines seen 
in the spectra of the prominences are displaced in sucha 
direction as to prove that there is in them a downrush of 
gas towards the sun. 
“The curious prolongation of the corona observed 

on several previous occasions to occupy the sun’s 
equatorial plane, does not appear in any of the photo- 
graphs taken, though it was visible at all the stations 
except Mr. Lockyer’s.” 

PHOTOGRAPHY OF THE SOLAR CORONA 

NDER the above title we have received the follow- 
ing communication with reference to the results of 

the recent eclipse observations :— 

Accounts have appeared in your journal of my 
attempts to photograph the corona of the sun without 
an eclipse. Many of the plates obtained presented 
appearances which seemed not to myself only, but 
to several scientific men who must certainly be con- 
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sidered to be amongst those who are exceptionally com- 
petent to give an opinion on this point, to be most 
probably due to the corona. Plates taken in England 
about the time of the eclipse of May 6, 1883, and drawn 
by Mr. Wesley before any information reached _ this 
country of the observations of the eclipse, presented not 
only a general resemblance to those taken during the 
eclips2, but showed the remarkably-formed rift on the 
east of the sun’s north pole which is the main feature of 
the corona, as photographed at Caroline Island. It is 
true that since the summer of 1883 I have not been able 
to obtain in England photographs which show satis- 
factory indications of the corona; but the abnormally 
large amount of air-glare from finely-divided matter of 
some sort, which has been present in the higher regions 
of the air since the autumn of 1883, might well be con- 
sidered a sufficient cause of the want of success. This 
well-known state of the sky rendered the plates taken by 
Mr. Ray Woods in Switzerland in the summer of 1834 
inconclusive as to the success of the method. During the 
past year photographs of the sun have been taken at the 
Cape of Good Hope, and are under discussion by Dr. 
Gill. 

Such was the state of things before the eclipse of 
August 29. The partial phases of this eclipse furnished 
conditions which would put the success of the method 
beyond doubt if the plates showed the corona cut off 
partially by the moon during its approach to and passage 
over the sun. As the telegrams received from Grenada 
and a telegram I have this day received from Dr. Gill at 
the Cape of Good Hope state that this partial cutting off 
of the corona by the moon is not shown upon the plates, 
I wish to be the first to make known this untoward result. 
I regret greatly that a method which seemed to promise 
so much new knowledge of the corona, which under 
ordinary circumstances of observation shows itself only 
during total eclipses, would seem to have failed. At the 
same time, I am not able to offer any sufficient explana- 
tion of the early favourable results to which I have 
referred briefly in the opening sentences of this letter. 

WILLIAM HUGGINS 
Upper Tulse Hill, S.W., September 11 

In reply to a similar communication which appeared in 
the Zzmes, Mr. A. A. Common writes to that journal as 
follows :— 

“ Dr. Huggins, in his letter in to-day’s issue, seems to 
consider that the failure to get a picture of the moon pro- 
jected on the corona of the sun during the partial phases 
of the last eclipse is fatal to his method of photographing 
the corona ; but it is quite possible, and, indeed, probable, 
that this is due entirely to the state of the sky, for against 
such unfavourable negative as this we have the positive 
evidence that the moon has been seen so projected in 
various solar eclipses, and in one case it has been so 
photographed. This was by Liais, at Paranagua, in 
1858, under conditions that were not, as far as concerns 
the processes employed, nearly so favourable as those 
now in use. This single piece of positive evidence, if 
correct, is of vital importance in showing that the present 
failure is probably due only to such temporary causes as 
have prevented Dr. Huggins getting lately such promising 
plates as those he obtained in 1883. 

“Ealing, September 13 “ A, A, COMMON ” 

THE RECENT AMERICAN EARTHQUAKE? 

HE author gave a brief account of the earthquakes 
in Eastern Europe of August 27, which seem to 

have travelled eastwards from Malta to the south of Italy. 

™ “ Notes on the Recent Earthquake in the United States; including a 
Yelegraphic Despatch from Major Powell, Director of the United States 
Geological Survey.” Read at the British Association by W. Topley, F.G.S., 
Geological Survey of England, President of the Geologists’ Association. 

It is a curious coincidence that the first important indica- 
tions of earthquake disturbance in the United States took 
place on that date, when the geyser of the Yellowstone 
spouted forth and when the first moderately severe shock 
at Charleston occurred. The principal shock was on 
Tuesday night, August 31. This is the one which has 
done most damage, and which was felt over a wider area 
than any previously recorded in North America. It has, 
however, been succeeded by shocks, fortunately of less 
intensity, which have been felt over a still wider area. 
The later shocks of Thursday and Friday were felt in 
Nevada and California. 
The author gave a description of the earthquake, 

founded upon the newspaper telegrams and upon a tele- 
graphic despatch which Major Powell had kindly for- 
warded at the author’s request. The latter is as 
follows :— 
“The earthquake is the most severe on record in the 

United States, and affected the greatest area. Origin 
along line of post-Quaternary dislocation on the eastern 
flanks of the Appalachian, especially where it crosses 
central North Carolina. There were slight premonitory 
shocks in the Carolinas for several days, moderately 
severe shocks occurring near Charleston on August 27 
and 28. The principal shock, causing great destruction 
in Charleston, originated in central North Carolina on 
August 31, 7-50 p.m., 75th meridian time. Thence the 
shocks spread with great rapidity in all directions, with 
velocity varying from 25 to 65 miles a minute, over an 
area of 900,000 square miles, or one quarter of the United 
States—from the Gulf of Mexico to the Great Lakes and 
Southern New England, and from the Atlantic seaboard 
to the Central Mississippi Valley. In the Carolinas it 
was accompanied by landslides, crevasses, and great 
destruction of property. Half of Charleston is in ruins ; 
about 4o lives were lost. No sea-wave has yet been re- 
ported. A second moderately severe shock occurred at 
Charleston at 8.25 a.m. September 1. Minor shocks 
followed at increasing intervals. The principal shock 
was felt over this vast area in intervals of 15 minutes, and 
recorded at some principal points on a scale of intensity 
of 5 as follows :—Raleigh, 4, 9.50 p.m.; Charleston, 5, 
9.54; Cedar Keys, Florida, 2, 10.05 ; Knoxville, 3, 9.55 ; 
Memphis, 4, 9.55 ; St. Louis, 1°2, 10.00; Milwaukee, 3, 
10.06 ; Pittsburg, 4, 10.00; Albany, 2, 10.00 ; Springfield, 
Mass., I, 10.00; New York, 2, 9.53.” 

Prof. Carvill Lewis has studied a previous earthquake ~ 
in the North-Eastern States. This ranged along the 
north-eastern flanks of the Appalachian Chain. The 
author described the structure of Eastern North America, 
and the lines of old earth-movements therein to which 
both earthquakes seem to be related. 

The local phenomena of the recent earthquake may be 
summarised as follows:—Fissures were formed, some 
running north to south, some east to west, out of which 
mud and sand were ejected. Several telegrams speak of 
stones falling from the air, which (if true) must previously 
have been ejected from such fissures. No tidal wave has 
been recorded, nor has any alteration of level of land or 
depth of sea occurred, although the earthquake was 
noticed at sea off Charleston ; but some passing disturb- 
ance of the water seems to have occurred at Sullivan’s 
Island near Charleston, for the high water spoken of 
could not be a spring tide, as the tides then were the neap 
tides. The accounts agree in the earthquake being 
accompanied by rumbling noises. Accounts differ as to 
the direction of the vibratory movement, but it was 
probably from the south or south-south-west to north or 
north-north-east, both at Charleston and New York. As 
usual in earthquakes, wells and springs have been 
affected ; some dried up, whilst water has appeared where 
before there was none. The natural gas wells of Penn- 
sylvania have been affected, and the supply much dimin- 
ished. Perhaps the most interesting phenomenon is the 
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outburst in the Yellowstone Park of a geyser which has 
been quiescent for four years. 

All the evidence so far published tends to show that 
the earthquake was a true seismic disturbance, which was 
probably transmitted along certain lines of great rock- 
masses, or along lines of weakness; but details to enable 
us to determine these points are not yet to hand. 

DR. KLEIN’S REPORT ON MILK 
SCARLATINA 

[NX arecent Report to the Local Government Board, “On Certain 
Observed Relations between Scarlatina in various Districts 

of London and Milk supplied from a Dairy Farm at Hendon,” 
Mr. Power has related the circumstances (NATURE, vol. xxxiv. 
p- 393) under which I became associated in inquiry at the farm 
in question ; and, while briefly indicating certain provisional in- 

- ferences of my own as to the nature of the malady discovered 
among the cows there, Mr. Power goes on to promise an 
account by me of the special features and pathology of the 
disease. This I now proceed to give. 

The cows (I. and II.) which were the first subjects of my 
investigations had on the teats and udder several flat irregular 
ulcers, varying in diameter from } to { of an inch ; some ulcers 
were more or less circular, others extended in a longitudinal 
direction on the teat. The ulcers were covered with a brownish 
or reddish-brown scab, which, when scraped away, left exposed 
a granulating slightly indurated base. The margin of such ulcer 
was not raised, nor was there any perceptible redness of the skin 
around. But where I afterwards got the opportunity of watch- 
ing the earlier stages (especially in animal LV.) it was noticed 
that a small vesicle made its appearance on a greatly swollen 
and red teat, in the course of a couple of days assuming the 
character of the above ulcers. In another cow, an ulcer about 
%inch in diameter, was becoming covered in its central part with 
ascab, while at its margin vesiculation was still distinctly visible. 

As arule, z.e. in most animals, the disease affected the teats, 
but in some there was also on the lower part of the udder here 
and there an ulcer. In such animals, patches denuded of hair 
were noticed on various parts of the skin, the tail and back par- 
ticularly. In these patches the epidermis was scaly, and the 
cutis more or less thickened. The animals looked thin, but not 
strikingly so, except in one or two cases of animals that had 
only a few weeks ago been admitted to the place, and which 
therefore had calved comparatively recently (see Mr. Power's 
Report). As regards the feeding capacity of affected animals, 
their milking power, and their body temperature, nothing ab- 
normal could be detected. 
Two animals (to be referred to as cow III. and cow IV.) 

became the special subjects of study after they had been removed 
from the farm to the stables of the Brown Institution. 

The temperatures (Centigrade degrees) of cow III. were as 
follows :— 

Morning temperature Evening temperature 

January 4 38°8 38-7 

cr ane 38°9 38°9 
» 6 388 38°3 
” 7 389 al 

oy 39 39 
» 9 - 388 38°7 

The temperature afterwards remained as above without 
alteration. 

The temperatures of cow 1V. were :— 

January 6 38 "4 560 38°3 
ay VES Tepe cee Shy oS — 
Op) eke ees foe SEA 38 8 

» 9 38°6 38°5 
In animal IIT. the ulcers were present, and on January 4 were 

at their full development and covered with crusts. They 
gradually died away, and subsequently healed up by January 10, 
leaving, however, a whitish indistinct flat scar. 

When this animal was received there were noticed on its coat 
several patches where the hair was gone, and the epidermis was 
rough and scaly. 

Animal IV. when received showed several scabs in the skin of 
the back ; it had also muco-sanguineous discharge from the 

vagina (the animal was in the third month of pregnancy) and 
redness and excoriation of the mucous membrane of the vagina. 
One teat, which was much swollen and inflamed, presented in 
several places brownish crusts. These when taken off left an 
infiltrated firm sore, from which, when squeezed, a thickish 
lymph oozed out. Similar crusts were found on other teats and 
on the udder. The greatest development of the sores in this 
cow was on January 7. On January 9 the cores were decreas- 
ing ; the animal was then killed. 

On opening the chest it was found that both lungs exhibited 
in the upper posterior lobes numerous petechiz under the pul- 
monary pleura, the peripheral lobules of these parts being much 
congested. There were numerous adhesions by recent soft 
lymph between the lower lobes of the lung and the costal 
pleura, particularly laterally. In the liver there were several 
reddish streaks and patches, reaching from the surface of the 
organ to a depth of about a quarter of an inch. In these patches 
the liver tissue was much softened. ‘The spleen and kidneys, 
with exception of slight congestion, appeared normal. In the 
placenta there were numerous petechiz. 

Cow ILI. was killed on March 12. For some clays previously 
the animal had been getting very thin, notwithstanding its 
ravenous and excessive eating. On post-mortem examination 
the following appearances were found :— 

In the lungs there were numerous lobules, especially in the 
peripheral parts, which showed great congestion ; there were in 
addition pleural adhesions; the cortex of the kidney was con- 
gested, but its medulla was pale. 

Experiments were now made with the matter of the ulcers, 
with a view of ascertaining whether or not the disease was 
transmissible to other animals. 

On January 7, when the ulcers of cow IV. had reached their 
maximum development, I took scrapings from some of the ulcers 
on the udder and teats, having first removed the crust, and in- 
oculated in several places the skin of groin and inside of ear of 
two calves (I and 2). For inoculation a superficial small in- 
cision (not longer than about a quarter of an inch) was made, 
passing in an oblique direction through the superficial part of 
the corium, and into this pouch a particle of the scraping was 
rubbed. 

On January 9, with scraping of ulcers of the cow before she 
was killed, I inoculated two calves (3, 4), introducing the 
matter as before into the corium of the groin and of the inside 
of ear. 

Calves 1 and 2 showed during the first three days after inser- 
tion of the matter no change at the seat of inoculation. 

Four days after inoculation :—There was in calf 1 one place 
in the groin which promised to become an ulcer. Calf 2 showed 
on the ear one promising place, the other places of inoculation 
having nearly healed.—At the same distance of time after in- 
oculation calf 3 showed two promising places on the ear, and 
calf 4 showed two promising places in Loth groin and ear. 
Calf 3 also showed a kind of vesiculation at the margin of the 
spot inoculated and commencing formation of a crust in the 
centre. What I call promising places of inoculation were spots 
that had become swollen and tender, the other and not 
promising places were spots that seemed healing or were already 
healed and dry. 

On the sixth day :—Calf 1 showed four successful places in the 
groin; the places had become swollen and enlarged with im- 
perfect vesiculation at the margin and formation of crust in the 
centre. Calf 3 had four successful places on the ear, and calf 4 
had the same number in the groin. 

On the seventh day :—In calf 1 all places except one in the 
groin had nearly disappeared. This place was now a distinct 
ulcer covered with a crust, on removing which a granulating 
infiltrated base was exposed. In calf 2 all places of inoculation 
were decreasing, covered with small scabs, easily detached. In 
calf 3 the sores on the ear had enlarged to about half an inch in 
breadth, each of them covered in their whole extent by a brown- 
ish crust. In calf 4 all except one place on ear were healing. 

On the eleventh day :—Calf 1 had still one ulcer in groin not 
yet healing. Calf 2 had one ulcer on ear not quite healed up. 
Calf 3 had four big ulcers still progressing; crusts thick, and 
corium much indurated. Calf 4 had one ulcer on ear much 
diminished in size. 

By the eighteenth day :—The ulcerations in calf 3 (one ulcer 
had been cut out for microscopic examination) had all healed up 
and become converted into flat scars. In the other animals the 
healing vas completed at an earlier date. 
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Simultaneously with the above ‘experiments several inocula- 
tions with materials of the ulcer of cow No. IV. had been made 
into the skin of the groin of ten guinea-pigs and of three dogs. 
In the guinea-pigs no result was obtained ; but in one of the 
dogs one place of inoculation appeared swollen and inflamed on 
the third day. On the fifth day this place was an oblong ulcer 
of about a quarter of an inch in diameter ; the margin was red 
and swollen, but the centre was without crust (the animal had 
been frequently seen to lick it). On the seventh day the ulcer 
was much smaller, and it had nearly healed up by the tenth 
day. 
moe these experiments there can be no doubt whatever that 

by inoculating a particle of matter from the sores of an affected 
cow a positive result has been obtained in all four calves. In 
calf 3 this result was best and most striking. After an incuba- 
tion of about three days the places of inoculation became swollen, 
tender, and spreading ; on the fifth to the sixth day the change 
was distinct, the suceessful places having become sores ; in the 
marginal part showing vesiculation, and in the centre formation 
of crusts. The sore enlarged during the next few days, and on 
removing the crust a raw surface was exposed, the corium itself 
being found infiltrated. According to the intensity of the 
process the retrogressive change sets in later or sooner ; in slight 
cases the healing begins about the ninth or tenth day, in severe 
cases (calf 3) not before the end of the second week. 

Having thus demonstrated this disease of the cow to he 
directly communicable from animal to animal, I set to work (o 
study its minute anatomy. 

‘Lhe microscopic examination of fine sections through the ulcer 
of the cow shows the following conditions :— 

The corium throughout the whole extent of the ulcer is 
infiltrated with round cells. This infiltration, though densest in 
the central portions of the ulcer, is sufficiently pronounced eyen 
in the peripheral parts, but it gradually. fades away on passing 
from the ulcer to the normal skin. The infiltration in 
the deeper parts of the corium is limited to the vascular 
branches, but in the superficial parts is more diffuse, the 
papillz becoming at the same time thicker. This thickening of 
the papillae fades off towards the periphery of the ulcer. The 
most noteworthy changes are, however, present in the epithe- 
lium. In the p-ripheral portions of the diseased part there are 
present in the superficial layers of the stratum Malpighii close 
to the stratum lucidum, as also in the stratum lucidum itself, 
numerous cavities of different sizes. These cavities lie closely 
side by side ; the most superficial ones are either covered by the 
stratum lucidum or extend between the layers of this stratum. 
The former cavities descend into the depth of the epithelium ; 
at the very margin of the diseased part they are smallest, and 
they do not in depth comprise more than the superficial third of 
the stratum Malpighii, ‘They enlarge in depth gradually as we 
pass from the periphery of the ulcer towards its centre; at its 
very centre they involve the whole thickness of the stratum 
Malpighii. At the same time it is to be noticed that, at the 
marginal parts, the cavities, although closely placed side by 
side, are well separated from one another by thicker or thinner 
trabeculze composed of epithelium ; while at or near the centre 
the ulcer these trabeculae get destroyed, and the cavities become 
confluent, and the covering layers of the cuticle having here also 
given way, their contents extend on to the free surface of the 
ulcer. These contents, which go to form what has been above 
mentioned as the crust, spread thus gradually over the surface, 
not only of the centre, where the stratum lucidum has become 
lost, but also over the rest of the ulcer. In the marginal posi- 
tions, ze. where the superficial layers of the cuticle are still 
present as cover of the above cavities, this layer (/.e. the stratum 
lucidum) separates the contents of the cavities from the crust. 
The contents of these cavities consist (a) of an albuminous fluid 
looking, in hardened sections, uniformly granular or containing 
also fibrinous threads ; (6) of a few red b!ood corpuscles ; and 
(c) chiefly of round cells or pus cells, the nuclei of which, near 
to and on the surface, gradually break up into amorphous granu- 
lar matter. 

In the central parts of the ulcer the whole exudation undergoes 
degeneration into debris, and not only in its superficial, but also 
in its deeper portions. While some cavities contain very few 
cells and are filled chiefly with albuminous fluid (granular or 
fibrinous), others are almost entirely filled with pus cells closely 
packed together. In the papillze near the cavities the blood- 
vessels are engorged and there is also escape of red blood disks, 

On a careful examination it is evident that the origin of these 

cavities is in enlargement of and exudation into the tissue of the 
papillae, but only of those portions nearest to the stratum lucidum, 
and from hence arises formation of cavities in the cuticle. The 
whole anatomical details of the distribution and arrangement of 
these cavities recall vividly the conditions observed in the’vesicles 
of cow pock and of sheep pock, and on comparing under a low 
power of the microscope a section through a sheep pock witha 

the similarity is very striking indeed. 
There are, however, anatomical differences between the two 

diseases. The infiltration of the corium is slighter in the cow 
ulcer than in the sheep pock, and in the cow ulcer the cavities 
form in a more superficial stratum of the epidermis. 

There is in the disease we are now considering a good deal of 
infiltration of the epithelium by round cel!s derived from the 
cavities, not only into the stratum Malpighii, but also, and par- 
ticularly in the marginal parts, into the cuticle; the round cells 
burrowing in great numbers between the scales of this stratum, 
aud ultimately reaching the free surface to join those of the, 
crust. 

Fine sections made through the ulcer artificially induced by 
inoculation in the ear of calf 3, proved its complete identity in 
anatomical respects with the ulcer in the cow. The infiltration 
of the superficial corium ; the formation of cavities, filled with 
exudation cells and fluid, in the superficial layers of the epi- 
thelium, particularly between the layers of the cuticle; the final 
destruction in the centre of the ulcer of the covering cuticle ; 
and the extension of the exudation over the free surface to form 
here the crust, are the same in both instances. ‘ 

Microscopic examination of the internal organs of cow IV, 
revealed facts as follows :— 

In the lung.—Sections made through the portions above men- 
tioned as containing much congested lobules, show not only 
great congestion of the blood vessels, large and small, but a 
large amount of hemorrhage ; blood in substance being present 
in the air vesicles and infundibula, in the lymph spaces of the 
interlobular septa, and in the tissue and lymphatics of the pleura. 
In the latter membrane numerous diplococci are to be met with. 
Here and there the same diplococci occur in the alveolar wall 
and in the tissue of the interlobular septa. 

Sections through ¢%e diver show a great deal of change. Under 
the capsule, as well as in the substance of the liver, there occur, 
in connection with the interlobular branches of the portal vein, 
larger and smaller foci of inflammation, consisting in the presence 
of numerous round cells. Some of these foci are several milli- 
metres in diameter, others are very small. From the inter- 
lobular tissue the inflammation extends into the lobules between 
the liver cells. The liver cells of these lobules involved in the 
inflammatory process are swollen up, and many of them are 
undergoing disintegration. In sone of these foci, particularly 
these situated in the vicinity of the capsule, the round cells are 
so much crowded that given foci look almost like miliary ab- 
sce ses. The blood vessels are much distended and filled with 
blood. 

Numerous diplococci and short coccus chains occur in the 
parts surrounding the inflammatory foci. hese are particularly 
numerous near the capsule in the vicinity of inflamed parts. 

Sections through the 4/dzey showed well-marked glomerulo- 
nephritis ; infiltration of the sheath of the cortical arterioles with 
numerous round cells ; the epithelium of the convoluted tubules 
swollen, opaque, and in many places disintegrating. ; 

The lungs and kidney of cow III. showed on micr scopic 
examination the same appearance as in cow IV. ; in addition 
there was a good deal of round-cell infiltration in the wall of the 
infundibula and bronchi in the lung, and around the cortical 
arterioles in the kidney. In the blood-clots filling the alveoli 
and small bronchi of the lung there were present larger and — 
smaller clumps of micrococci. p 

Search was now made for micro-organisms inhabiting the 
tissues of the ulcer of the cow, with a view of ascertaining what 
were present, and afterwards whether any single kind of those 
found had the power, when dissociated from the diseased tissues 
and inoculated into healthy animals, of transferring the disease. 

Removing the crust, scraping off the most superficial layer, then 
squeezing the ulcer so as to collect a droplet of lymph, I spread 
it in thin films on cover-glasses, and dried, stained, and mounted 
the several specimens in the usual manner. Such a specimen, 
examined under the microscope, revealed a number of red blood 
disks, mixed up with large numbers of pus cells, each of which 
contained two, three, or four small nuclei and remnants of epi- 
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thelial cells. Amongst the pus cells numerous dumb-bells of 
micrococci (or diplococci), and a few short chains of the same, 
were met with. In size these micro-organisms do not differ 
from those described in connection with foot-and-mouth disease. 
In many sections—stained in fuchsin, or in methyl blue, or in 
gentiaa violet—through the diseased tissue of the cow, as well 
as that of calf 3, there were found the same diplococci and 
chains in the contents of the superficial cavities, as well as in 
the depth of the epithelium. In the latter stratum they were 
met with abundantly throughout the whole extent of the mar- 
ginal portion of the ulcer, but not beyond it. In the superficial 
parts, namely, in the contents of the cavities in the stratum 
lucidum, the same chains were to be found, provided the pus 
cells were not too closely packed. They were very numerous 
in the tissue of the crust, and also in the superficial central 
portions of the ulcer that had undergone degenerate change. 
There occurred also in the crust and in the necrotic parts of the 
ulcer numerous clumps of zooglea of micrococci; but these 
micrococci are not to be confounded with the chains of strepto- 
cocci to be presently described, nor yet with those streptococci 
which are found occurring singly. 

From the deeper parts of an ulcer of cow IV. material was 
obtained with which tubes containing either solid nutritive gela- 
tine, or Agar-Agar mixture, were inoculated. After some days, 
and in both media, a micrococcus appeared, the growth of which 
was extremely characteristic. These are its characteristics, in 
the nutritive gelatine : after 3 to 6 days’ incubation at 20° C., 
the growth made its appearance at the point or line of inocula- 
tion, in the form of small points or granules, whitish in colour 
and tolerably closely placed. During the next few days their 
number and size increased. At the end of a fortnight the line of 
inoculation was visible as a streak of whitish granules or drop- 
lets, some large, others small, more or less closely placed. On 
the surface of the gelatine the growth, like a film of granules, 
spreads slowly in breadth, but even after months remains small. 
When inoculated into the depth of the gelatine, the channel of 
inoculation becomes visible as a whitish streak, made up of 
smaller and larger droplets. The gelatine is not liquefied by 
the growth. The same characters are assumed by the growth in 
Agar-Agar mixture and in solid serum. The general aspect of 
the growth in gelatine, in Agar-Agar, and in serum, is very 
similar to that presented by the streptococcus of foot and mouth 
disease (see my report of this year upon that malady"), but with 
this difference, namely, that in gelatine tubes the streptococcus 
of foot-and-mouth disease is a little faster in its growth, and its 
component granules are a little more distant. Nevertheless, I 
have tubes of both kinds of organisms in gelatine and in Agar- 
Agar—tubes which cannot be from their general appearance 
easily distinguished. In faintly alkaline broth, or in broth and 
peptone, the micrococcus of the cow ulcers grows readily, and in 
the same manner as that of foot-and-mouth disease. But there 
is one test by which the two kinds of organism can be very 
readily distinguished: the streptococcus of foot-and-mouth 
disease, when grown in milk, does not affect the fluid character 
of the milk, whereas milk inoculated with the organism ob- 
tained from the cow’s ulcer will, if kept for two days in the 
incubator at 35° C., have been turned completely solid. This 
difference is a very striking difference, and a few days’ growth 
in milk suffices for distinguishing without fail between the two. 

The microscopic examination of a culture in broth peptone, in 
gelatine, or in Agar-Agar mixture shows that the growth consists 
of spherical micrococci, arranged as diplococci, and as shorter 
and longer straight, wavy, or curved chains—streptococcus, — 
these latter sometimes of great length. As regards the shape of 
the micrococci, the mode of their division, the branchings of the 
chains, the presence here and there in the chain of a large 
element amongst the smaller ones, the organisms of the ulcers 
hardly differ from the description which I am preparing of the 
streptococcus of foot-and-mouth disease. The elements of a 
¢coccus chain of the foot and-mouth micro-organism are, how- 
ever, smaller than those of the disease under consideration. 

The streptococcus chains of a growth in broth are short during 
the first few days; but later on, when the growth settles down 
more into the deeper parts of the broth, the chains become of 
great length. So also in Agar-Agar tubes of one to two or more 
weeks’ incubation. 
A curious fact, to which importance must provisionally attach, 

‘is this : In a cow having several of the ulcers on the teats, the 
* To appear in the Supplement to the fifteenth volume of the Board’s 

Reports.—G. B. 
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fingers of the milker pressing over the ulcers would constantly 
rub off from the latter particles of matter, and the fingers and 
the teat being kept moist, this matter would easily mix with the 
milk as it passes from the teat. To learn whether the milk 
while in the udder contained the streptococci, the following ex- 
periment was made: A teat free of any ulcer was milked so as 
to obtain a few ounces of milk, and from this milk a large 
number of gelatine and Agar-Agar tubes were inoculated ; a 
second teat of the same cow, affected by an extensive ulcer, was 
milked to the same extent, and from the milk thus obtained a 
large number of other gelatine and Agar-Agar tubes were inocu- 
lated. In the first series no single tube showed the growth of 
the above-described streptococcus, whereas in the second series 
one gelatine tube and one Agar-Agar tube were found to develop 
the typical growth of the streptococcus. 
We cannot draw any certain inference from this one observa- 

tion, but evidently the experiment deserves repetition. 
With a cultivation (a third sub-culture) in Agar-Agar mixture 

of this streptococcus, I, on February 1, inoculated subeuta- 
neously in the groin two calves (5 and 6) On February 27 
calf 6 was found dead. The subcutaneous tissue at, and for 
some distance around, the seat of inoculation showed much 
effusion, and the inguinal glands were swollen and red. There 
was peritonitis, with sanguineous exudation, congestion, and 
hemorrhagic spots in omentum and in the serous coat of the 
stomach. The spleen appeared small and its capsule thickened. 
The liver was greatly congested. Kidneys were large and much 
congested. ‘The ileum was much congested in its mucous mem- 
brane, and the epithelium detached in flakes. The mesenteric 
glands belonging to the ileum were greatly enlarged and hyper- 
amic. Both lungs were congested, the superficial lobules showed 
so much congestion that they looked almost solid, and were of 
a deep red colour. A few petechiz under the pleura. Bronchial 
glands enlarged and congested. There was pericarditis, and the 
heart was distended by, and filled with coagulated blood. The 
organs of the throat were found much congested. The hairy 
parts of the skin were not examined. 
Calf 5 showed on March 7, around the nostrils and lips of the 

mouth, and on hard palate and gums, numerous irregularly out- 
lined patches not raised above the level of the skin. These 
patches had a discol ,ured, brownish, very slightly raised margin, 
and a paler centre ; they were round or irregular, some as small 
as § of an inch, others four to six times larger. The animal 
was killed on March 8. On post-mortem examination the fol- 
lowing appearances were noted: Congestion of some of the 
peripheral lobules in both lungs; the pleura pulmonalis slightly 
Opaque, numerous soft lymph adhesions between it and the costal 
pleura ; in the spleen several hemorrhagic patches under the 
capsule in the shape of bullee filled with semi-congealed blood ; 
spleen pulp softened and very congested; kidney congested ; 
organs of the throat congested. 

There can then be no doubt that a definite disease has been 
produced in both animals, of which the affection of the lungs is 
a conspicuous feature, and coincides with, though more pro- 
nticed than, the lung disease noticed in cow IV. 

In calf 5 there was, in addition, the disease of the skin and 
in the mouth, which, as the microscopic examination proved, is 
in a certain degree similar to the disease in cow IV. and calf 3. 
More in detail, this is what is found as regards the skin: The 
tissue of the papillze and of the superficial corium is infiltrated 
with round cells, and the blood-vessels of the papillze are dis- 
tended and filled with blood. In their peripheral portions, their 
most superficial parts, the papillae are very much distended by 
extravasated blood and round cells ;—in fact the first rudiments 
of cavities are forming in them. The same condition, but more 
pronounced, obtains in the cuticle, where between its layers 
there are present small cavities filled with blood and round cells, 
or only fluid and a few round cells. There is, in addition to 
this, a general infiltration with round cells of the layers of the 
cuticle. The brownish-reddish colour of the marginal parts is 
due to this condition. In the central part the cuticle is loosened 
by the formation of such cavities containing fluid and a few 
round cells; by this its layers were separated and ultimately 
detached. In the cavities of the cuticle occur very fine diplo- 
cocci and chains. So also in theinfiltrated and enlarged papille, 
and in the deeper layers of the epithelium in the whole extent of 
the diseased skin, diplococci and short chains are present. 

In neither of these cases of subcutaneous inoculation was there 
found any rent or breakage of the stratum Malpighii, z.e. no real 
ulcer. The anatomical features here described in many respects 
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resemble the Jesion of the skin in human scarlatina (see my re- 
port for 1876). I did not, unfortunately, look at other (the 
hairy) parts of the skin to see whether there were any such 
patches in this calf. (Some observations on the kidney of calf 5 
are noted in the sequel.) 

Examination of the organs of calf 6: 
(a) The lung.—Congestion of all blood vessels, large and 

small. Transudation of fluid and hemorrhage into the alveolar 
cavities of part of some lobules of the lung, while the rest of the 
alveolar cavities are collapsed, the capillaries around them very 
much congested ; infiltration with leucocytes of the interlobular 
septa, extending also into the inter-alveolar septa. In some of 
the lobules next to the pleura the engorgement of the capil- 
laries is extremely great, blood ex masse filling the alveoli to 
the extent of producing a state of red hepatisation. The pleura 
itself is thickened by exudation of fluid and leucocytes. The 
bronchi do not show any distinct alteration. Numerous diplo- 
cocci and a few chains are met with in the pleura and in the 
congested parts of the lobules, in the alveolar wall, and in those 
alveolar cavities which contain exudation and blood. The 
bronchial glands show great changes: the capsule and septa 
being much thickened by exudation and leucocytes ; the lymph 
vessels everywhere filled with round cells; the tissue of the 
follicles and medulla much swollen. 

(6) The liver shows extreme congestion of all vessels in all 
parts, inter- and intralobular. The liver-cells are opaque, 
granular, and atrophic. 

(c) The tleum.—The epithelium of the surface detached and 
gone ; the epithelium of the Lieberkihn follicles loosened, and 
in most places detached; the mucosa shows great congestion 
and infiltration ; in the superficial layers the villi show haemor- 
rhage, the tissue being filled with blood corpuscles, fibrin, and 
leucocytes ; and in many spots the superficial layers of the mucosa 
are necrotic. 

The Peyer’s glands are much swollen and inflamed ; the cen- 
tral portions of their follicles are breaking down. 

Micrococci and bacilli pervade everywhere the tissue of the 
mucosa. 
their capsules, septa, follicles, and medullary cylinders much 
congested and inflamed. 

(a) The kidney.—The changes in this organ are highly in- 
teresting, since they completely coincide with those in acute 
scarlatina nephritis in man: great congestion of the cortex, 
leading in some parts to hemorrhage into the parenchyma; 
glomerulo-nephritis with exudation of albuminous fluid and 
blood into the cavities of the Malpighian corpuscles ; granular 
or opaque swelling of the epithelium of the uriniferous (convo- 
luted) tubules, with degeneration into granular debris of many 
of the epithelial cells; miliary foci of aggregations of round 
cells around small bloodvessels ; congestion of the medulla. 

[The kidney of calf 5 was also examined microscopically, and 
the changes were exactly the same as those found in the kidney 
of calf 6, viz. congestion of the glomeruli, glomerulo-nephritis, 
transudation of albuminous fluid and red blood corpuscles into 
the cavity of Bowman’s capsule; opaque swelling of the epi- 
thelium of the cony luted tubules; granular disintegration of 
the epithelium in many places; infiltration with round cells 
around some arterioles of the cortex; and congestion of the 
medulla. ] 

(e) The heart's blood was examined for organisms, and in it, by 
the staining with Weigert’s gentian violet, a few diplococci and 
a few chains could be distinctly detected. 

Cultivations were made with this ldood in tubes containing 
Agar-Agar mixture, and a growth of the streptococcus was ob- 
tained in all respects identical with the streptococcus that had 
been employed for inoculation of this animal. 

In view of the whole of this evidence, I consider it con- 
clusively established that this streptococcus is identical with the 
virus of the cow disease. 
We have, then, inoculated subcutaneously with sub-cultures 

of the streptococcus these two animals, calves 5 and 6, with the 
result of producing a general disease, which in many respects 
bears a close resemblance to human scarlatina. The minute 
anatomical characters of the eruption on the skin around the 
nostrils and mouth in calf 5 is of much significance in this con- 
nection, as also is the disease in the liver in both animals, and 
above all, the disease in the kidney. This latter organ corre- 
sponds so closely with a kidney of an acute case of human scar- 
latina that sections made of the one and compared with those of 
the other, of which I preserved a large collection from my 
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former investigation into the anatomy of human scarlatina (see 
Medical Officer’s Report for 1876), show no difference what- 
ever. 

The outcome of the investigation thus far, and it is of import- 
ance until further differentiated observations shall have been 
made, may be stated thus :—By inoculating the virus directly 
taken from the local disease (the ulcer on the teats) of the cow 
into the corium of the calf the same local disease is produced, 
namely, a change in the skin, which commences as a congestion 
of the papillae and corium, and an exudation of fluid and leuco- 
cytes. This leads, in the superficial parts of the epidermis, to 
the formation of cavities, which, enlarging, and extending, and 
opening on to the surface, and extending into the depth, ulti- 
mately lead to the formation of an ulcer. But the virus, in the 
form of an artificial cultivation of the streptococcus derived from 
the above ulcer of the cow, when inoculated into the sub- 
cutaneous tissue, that is, when introduced almost directly into 
the vascular system (for all matter injected subcutaneously is 
easily absorbed by the lymphatics and carried into the blood 
system) sets up a general disease resembling to a considerable 
degree in its anatomical features human scarlatina. 

Furthermore, as respects the concern that cow’s milk may have 
in the communication of disease—the consideration which led to 
the present investigations—we have some facts which appear to 
me to afford very suggestive indications for further pathological 
study. As I have pointed out on a previous page, it would 
seem that the milk pure does not contain the organism, but 
(whether or not this observation be confirmed) the milk during 

| the act of milking. is pretty, sure to become contaminated 
by the fingers of the milker bringing down into the milk 
particles from the ulceration on the teat. The organism con- 
tained in these particles would find in the milk a good medium 
in which to multiply. Such milk would then practically corre- 
spond to an artificial culture of the streptococcus, such as we 
have found capable of setting up a general disease, when inccu- 
lated subcutaneously into calves. It is true we have as yet no 
experience of the inoculation of a known milk sub-culture into 
the human subject, but in the case of calves we have learnt that 
the general disease resulting from inoculation of an Agar-Agar 
sub-culture had characters closely allied to, if not identical with, 
human scarlatina. Then, feeding of animals with the cultures 
has not yet been tried, so that at present we are without in- 
formation as to the characters of any disease that may be pro- 
duced in calves by that means; whether or not calves fed with 
milk sub-culture of our streptococci exhibit the same pathologi- 
cal states as we have found to be produced by inoculation of 
calves with an artificial culture—states that bear so marked a 
resemblance to those of scarlatina in the human subject. In 
order completely to understand these and other relations, more 
experiments are required, and these I hope soon to have an 
opportunity of making. 

Until I am ina position to state at greater length the peculi- 
arities of the infective phenomena of the disease under considera- 
tion, I refrain from further comment on its various interesting 
and promising aspects. 

THE BRITISH ASSOCIATION 

SECTION E 

GEOGRAPHY 

OPENING ADDRESS BY MAJOR-GENERAL SIR F. J. GOLDSMID, 
K.C.S.1., C.B., F.R.G.S., PRESIDENT OF THE SECTION 

HoweEVER diffident I may feel in undertaking the duties of 
President of the very important Section of Geography at this 
anniversary, I have no right to take shelter under that diffidence 
for any shortcoming in the fulfilment of my task. All I would 
seek at your hands is indulgence for one whose training and 
antecedents have scarcely fitted him for appearing before you in 
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a quasi-professorial capacity, and whose brief tenure of a Presi- — 
dential chair at a meeting such as this must be regarded as rather 
an incidental passage in the annals of the British Association 
than a fair illustration of its sodus operandi, or principle of 
selection in respect to its officers. 

As to the subject of my opening address, I know none more 
befitting the occasion than the means of popularising the branch 

* Referring to the commencement made in 1882 of investigation of the 
results producible in the cow by inoculation with the materal of human 
scarlatina, see p. 67 of report of that year, I would propose that this study 
be extended without loss of time. 
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of science to which the meetings in this Section will be devoted, 
and thus attracting towards it that attention which it merits— 
nay which, in this our country if anywhere, it demands and 
necessitates. 

The question is a wide one, but I will endeavour to narrow 
the field of its discussion to suit our purpose of to day, and keep 
within reasonable limits. A few words will suffice to lay before 
you the programme. It embraces : first, the uses of geography, 
an exposition of which should prove, and a due apprehension of 
which should admit, the necessity of its inclusion among the 
special studies of public schools ; secondly, the mode of impart- 
ing a knowledge of geography so as to render it at once practical 
and engaging ; and finally, such illustrations of modern travel 
and research as may serve to demonstrate how urgent is the study 
of geography to all classes in this country. 

Before closing the subject, 1 shall endeavour to draw your 
attention directly, if somewhat cursorily, to the progress made 
by travellers and geographers in furthering what I may for the 
nonce describe as the objects of their profession during the past 
year, or since the last annual meeting of the British Association, 
at Aberdeen. But I shall only dwell upon such instances of 
geographical progress as from their character and locality come 
within the range of my personal experience, and serve to illus- 
trate the main argument of this address. 
To begin then with the uses of geography. There are doubt- 

less many who will say demonstration here is superfluous, and 
that if its use was not admitted it would find no place in school 
studies, which is contrary to fact in many instances ; there would 
be no primers or elementary works on the subject, whereas they 
may be reckoned by the score ; books of travel would be rather 
entertaining than instructive, a charge which many recently 
published volumes would disprove ; and so forth. 

Some again will argue that its uses, such as they are, must be 
restricted to the few specialists who aspire to be geographers, 
and that for the million it is enough to carry about a rough idea 
of the four quarters of the globe, the principal countries and 
capitals in them, and a sufficient amount of preliminary instruc- 
tion to understand Bradshaw and Baedeker. A third, and perhaps 
the largest category among educated people, consists of those 
who are indifferent to the whole question, and are content to find 
in geography either an honoured branch of science, or a mere 
nominal! study, according to the views of the latest speaker, or 
most plausible reasoner. If it be allowable to apply things holy 
to things profane, no truer illustration of this class can be given 
than the Scriptural definition of men who receive seed ‘‘in stony 
places.” 

To the first of the above I would say that the place which 
geography holds among school studies is not that which it ought 
to hold if its uses were understood and appreciated. Primers 
and elementary books already published are good enough in their 
way, but the instruction they contain is not seriously imparted ; 
and it may be that something ‘itter and more attractive to the 
beginner could be produced. At present all school-books on 
geography may be said, as arule, to be consigned to the shelf of 
secondary subjects; and this is not the treatment which should 
be re-erved for a study of such real magnitude. By and by it 
will be my endeavour to establish by argument and example the 
indisputable character of its importance. 

For those who look upon geography as a profession which 
needs rather separate training than general education, and would 
prefer to leave its acquirement to travellers aiming at distinction, 
specialists in Government employ, and the more zealous and 
scientific Fellows of the Royal or any other Geographical Society, 
I can only express my regret that the delusion under which they 
lie unfits them so thoroughly to understand and much less satisfy 
the wants of a rising generation. By denying the universal cha- 
racter of the study they clearly misapprehend its true scope, and 
are dwarfing it to within the narrow limits of a conventional 
school task. 

As a matter of State or public school education the science 
of geography should in truth be elevated, not degraded. 
In my humble opinion it should be placed on a par with classics, 
mathematics, and history, with each and all of which it has 
affinity. Undoubtedly there are accomplishments which come, 
as it were, of themselves, or are the outcome of lightly-sown 
seeds in the home. These for the most part are rather mechani- 
cal than mental, though some may have advocates to claim for 
them intellectual honour. But ‘a knowledge of geography is not 
to be so acquired: it will not come like handwriting with inci- 
dental practice, nor is it to be gained by mere travelling. To 

moye from place to place, whether across seas or continents, or 
both, to go round the globe itself and visit every important 
country and capital in the track chosen, even to prefer byways 
to railways, and search into obscure and hidden spots rather than 
those which are more generally frequented—all this process 
affords admirable matter for the note-book of the man of the 
world and observer, but will not educate in geography, unless 
the student himself has a serious purpose to turn his wanderings 
to the account of science. The cursory description which would 
apply to men and women, cattle and conveyances, hotels and 
caravansaries, restaurants, coffee-houses, and the like, in a 
moving panorama, is not always suited to bring out in bold 
relief the physical aspects of a country. 

To the indifferent and wavering, to those who would wish to 
promote the study of geography if they could feel persuaded that 
it needs promotion, but who would leave to the better judgment 
and experience of others the decision on the whole question ; to 
those who are content to accept the institution of a professorial 
chair in honour to the science, or to leave geographical study to 
the primitive teaching of their own childhood, whichever course 
be most in accordance with the temper or fashion of the times— 
Ican perhaps do no better than appeal on the grounds of urgency 
—in other words, of the real importance of the cause for which, 
in common with abler and worthier advocates, I would now most 
earnestly plead... . 

I almost seem to be treading upon the threshold of plati- 
tudes when seeking to explain why geography should be useful to 
young men of ordinary culture, for whatever career they may be 
destined. In some cases it is naturally more urgent as a study 
than in others. The military man, for example, should be more 
or less a scientific geographer. His profession may require him 
to survey and describe new resions ; and a campaign over a 
beaten track should find him acquainted with the minute topo- 
graphy and physical aspect of places, at least the names of which 
are familiar household words. The sailor should in like manner 
bear in mind the configuration and character of sea-coasts, and 
carry about the landmarks of his own observations as well as 
those to which he may refer in books. To both must geography 
be eminently a professional study. But, considering the enormous 
extent of our Indian Empire and colonies, and the many foreign 
States with which we must have intimate relations, is any Eng- 
lishman, I would ask, competent to discuss, much less to serve, 
the interests of his country who knows nothing of the physical 
features, resources, products, population, and statistics of these ? 
Tt seems to me to be the duty of every loyal subject and citizen, 
high or low, rich or poor, to seek information on these heads 
wherever it may be obtained. 

But of all men who should realise geography in its broad, 
comprehensive sense—both as an aid to history, and as a science 
to which history may be subordinate—first in order is the states- 
man, in whose province falls the disposal and partition of 
countries or regions. What should we say of the judge—we may 
be thankful there are none such on the English bench—who 
not only gave his decision without mastering the merits of the 
case before him, but who was alsvu ignorant of the law and pre- 
cedents which should guide him in the treatment of those 
merits? The argument might apply with equal force to other 
callings from the members of which professional opinions or 
decrees are required by their fellow men. Why, the evil would 
be so great and so palpable that its existence would not be tole- 
rated for a single day : and the only reason why it 7s allowed to 
prevail in matters geographical is that though equally great in 
respect of these it is not equally palpable. The statesman may 
not know the situation of this or that particular palce, nor its 
products and resources, but neither does the public. One is not 
taught geography any more than the other; so that, while 
ignorance and error are brought to bear on a spurious judgment, 
the critic is not in a position to point out the real flaw, and the 
blunderer escapes the scathing condemnation which would other- 
wise await him in the columns of the morning paper. 

Let us suppose a case by way of illustration—a case which 
conveys no exaggerated idea of what happens, or may happen in 
the course of a year—a case which without being an actual occur- 
rence has in it the flavour of actual occurrences. There isa large 
tract of land in the far West or far East, it mattersnot which. All 
that is known about it is that it is called Laputa or Barataria, and 
that it is situated in the central part of a region or continent so 
vast that it might be reasonably called the largest quarter of the 
globe. Well: it is encroached upon by a powerful neighbour, 
and England requires the preservation of that land’s integrity 
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and independence. Ter best instructors on the matter have told | 
her that such is her interest, and she believes them. Interven- 
tion, therefore, becomes necessary ; negotiations ensue ; and the 
whole question revolves itself into a partition of territory and 
demarcation of boundary—in other words, the question becomes 
one of geography—what I should call, for reasons to be explained 
hereafter—Political Geography. Who, if not the ruling states- 
man, should know the true principle on which to deal with a 
large settlement of this nature—one, it may be, involving ethno- 
logical, commercial, humanitarian, quite as much as territorial, 
considerations ? Who, if not the agent on the spot, should know 
the details to regulate the application of the principle? But the 
statesman should be in full possession of his agent’s details, and 
be capable of appreciating them not only from the latest reports 
supplied, but from a certain insight into the matter obtained 
from early study. He should have been coached in that com- 
prehensive kind of geography which would have embraced the 
particular information required. Under present arrangements 
it is not so. The geography taught at schools is too simple or 
too scientific—too complex or too superficial ; in any case it is 
not the geography which would benefit the Cabinet Minister in 
solving a territorial difficulty any more than would those ‘ in- 
genuz artes” which have so strong a civilising influence on the 
natural man. Experience in classics may forestall the faulty 
quotation and false quantity, but fail to suspend the false move 
on the political board. And it need not be said that, while the 
first, in point of fact, affects the speaker only, the last concerns 
the happiness of the million. 
We now reach the second consideration : the mode of impart- 

ing a knowledge of geography so as to render it at once practical 
and engaging; and I may be pardoned if I dwell upon this 
somewhat lengthily, for it involves the gist of the whole question 
before us. It is always easier to detect a flaw than to find a 
remedy, and in the present case the flaw is generally admitted 
by experts. There may be differences of opinion on its character 
and extent, but apparently there are none on its existence. I 
shall have to recur to the first, but would ask leave to dismiss 
the last as established. We are told on excellent authority that 
in our own country the elements of success in geography are 
wanting, and the conclusion has been practically accepted by the 
representative Society of this branch of knowledge. The remedy 
has been suggested, and in a certain sense partially applied, but 
a great deal more remains to be done, and the many views 
entertained and expressed by competent men on the claims and 
requirements of geography in England render necessary a short 
review of what may be called the ‘‘ situation,” including notice 
of work achieved in the direction of reform. . . . 

Of late years the Royal Geographical Society, in pursuance of 
its originally expressed aims and obiects, and strong in the ex- 
perience of.a long and prospercus career, has endeavoured to 
arouse the rising generation to a sense of their shortcomings as 
regards the particular science in the promotion of which it has 
its own vazson d’étre. It granted prizes to such public schools 
as chose to compete for them, and after sixteen years’ trial dis- 
continued the grant, owing to unsatisfactory results. It opened 
correspondence with schools and colleges, and made other judi- 
cious and laudable attempts to evoke sympathy and support. 
But all its proceedings have been as it were preliminary, and 
may be considered rather as foundation-stenes of a temple of 
success than the outer walls or any visible part of the building 
itself. A more recent attempt to reach the masses was the 
Exhibition of Educational Appliances. Objects used in geo- 
graphical instruction at home and abroad were collected and 
arranged in galleries hired for the occasion, and the public were 
invited to inspect them, At the same time appropriate lectures 
were periodically delivered, by competent and experienced men, 
to the visitors, many of whom were not merely interested ama- 
teurs, but persons actually engaged in school teaching. Attention 
was called to the fact that the Exhibition was purely educational ; 
that there were in it specimens of German, Austrian, and Swiss 
maps, executed with a finish and detail unusual in our school 
maps at home; but that as the Society’s inquiry embraced 
Universities as well as schools, part of the appliances exhibited 
were used in Continental Universities, though in reality some of 
the finest maps shown were found also in the higher schools of 
Germany and Austria. Besides maps, there were in the collec- 
tion globes, models, and text-books, the presentations not being 
confined to countries visited by the inspector, to whom the task 
of collection had been intrusted, but from others also; and 
these were further supplemented by contributions from British 
publishers. 

The result of this new departure—if the term be allowable— 
was pronounced very satisfactory, and at the close of the Exhibi- 
tion, or in the spring of the present year, the Council considered 
what would be the next best step to take in furtherance of their 
desire to raise the character of geographical study. At a later 
date, on the recommendation of their Educational Committee, 
they resolved on addressing the Universities to the effect that 
chairs or readerships be instituted similar to those which were 
at that time filled in Germany by Carl Ritter at Berlin and 
Profs. Peschel and Richthofen at Leipzig. In carrying out the 
resolution alternative schemes were submitted. The Council 
would appoint, under approval of the University authorities, a 
lecturer or reader in geography, paid out of the Society’s funds, 
he being accorded a fitting local status ; or each University might 
join with the Council in the matter of payment, and a reader be 
appointed by a committee on which the Society should be 
represented. ... 

It will thus be seen that special efforts have been made and 
continue to be made to popularise a science which has never, so 
far as can be ascertained, held its proper place in the educational 
programme of our schools or Universities. _We must not, how- 
ever, lose sight of one important consideration. More remains 
to be done than to institute a chair, a professorship, a reader- 
ship. It must be clearly understood on what general lines of 
study we are about to proceed. Is geography to be taught in its 
full, comprehensive sense, as something involving a knowledge, 
more or less, of mathematics and astronomy, of ancient and 
modern history, of ethnology, zoology, botany, geology, of men 
and manners, laws of nations, modes of government, statistics 
and politics, something requiring in the disciple a quick ear, a 
searching eye, an appreciation of scenery and outer subjects as 
well as physical aspects of country, a power of picturesque but 
an adherence to accurate description? If so—and I believe I 
have only stated the qualifications of the travelled and finished 
geographer—would it not be well to inquire whether the com- 
ponent parts of the science should not be reconsidered, and a 
subdivision effected which would make it easier to deal with than 
geography as now understood, under the terms physical, poli- 
tical, and perhaps commercial? . . . 

Not six months ago I wrote as follows :—‘‘ We are authorita- 
tively told that, at one of our greatest public schools, which may 
be fairly taken as representative of its class, there is no systematic 
teaching of geography at all, but ‘that in the history lessons, as 
well as in the classical lessons, a certain amount of geography is 
introduced incidentally.” Again, if we look at the Universities 
abroad, it has been found the custom, until quite lately, both in 
France and Germany, to combine the chairs of geography and 
history under one professor. Now the ‘incidental’ character of 
geographical instruction is a tacit declaration of its unimportance, 
which every day’s experience shows to be without warrant; and 
its combination with history may be an expedient to render it 
less distasteful than it appears as a separate study. Buta useful 
hint may be taken from the Continental practice, and a partial | 
fusion of two departments effected, which would commend itself 
to common-sense, and, to judge from the recorded opinions of 
certain of our educational experts, might not be objected to by 
head masters in England collectively. Let us, then, endeavour 
to extract from the lessons of conventional geography that part 
which is inseparable from the study of nations and people, and 
place it under a new and more appropriate head. In this view, 
so-called ‘political geography,’ stripped of its purely scientific — 
belongings, would be taught in connection with history, and 
made an essential ingredient in the early training of British 
statesmen, whose after-reputation should be more or less the 
outcome of a University career, the grounding of a public or 
grammar school, or private tuition. It is dithcult to reconcile 
the amalgamation of what may be considered ‘scientific’ ge- 
graphy with history. One is as thoroughly apart from the other 
as geology is from astronomy.” 

The meaning of the verbal combination ‘‘ political geography ” 
requires some kind of: analysis. Conventionally, and in an 
educational sense, it is the description of the political or arbitrary 
divisions and limits of empires, kingdoms, and States ; their in- 
habitants, towns, natural productions, agriculture, manufactures, 
and commerce, as well as laws, modes of government, and social 
organisation—everything being viewed with reference to the 
artificial divisions and works made by man. Accepting this in- 
terpretation of its objects, who can hesitate to admit its palpable 
and immediate relation to history? The mathematical science 
which investigates the physical character of territory and terri- 
torial boundaries is in this case but a secondary requirement, and 
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can be always fairly disposed of in the recognition of results. 
Otherwise, we have simply commercial geography with ethno- 
graphy, and considerations which we may call political in the 
present but which are undoubtedly historical in the past. Surely, 
then, it would be wise and reasonable to combine the studies of 
history and political geogr2phy—putting a wider interpretation 
than the conventional one upon the latter designation in such a 
manner that the two together should be just the soct of pabulum 
‘dispensed to the rising generation of statesmen, diplomatists, and 
all who aspire to the name of politician, in its higher sense of 
capability to promote as well as to discuss the national welfare. 

And admirable lecture on ‘* Geography in its Relation to His- 
tory” was delivered by Mr. James Bryce—the late Under- 
Secretary for Foreign Affairs—in connection with the recent 
London Exhibition of Geographical Appliances. Those who 
are acquainted with it will readily understand why I pause to 
remark on its enlightened teaching ; to those who have not that 
advantage I would explain that it seems to embody the argu- 
ments of Modern Thought on the important question we are now 
considering, and that a brief allusion to it is therefore no irre- 
levant introduction here. ‘The lecturer, seeking to demonstrate 
that history and geography touch one another in certain relations 
and interests, laid down the proposition that man is, in history, 
more or less ‘‘ the creature of his environment” ; that ‘* on one 
side, at all events, he is largely determined and influenced by 
the environment of nature”; and that ‘‘it is in discovering 
the different effects produced on the growth of man as a political 
and State-forming creature by the geographical surroundings in 
which he is placed” that one point of contact is found. He, 
moreover, maintained that man, ‘‘although he may lift himself 
above his environment, cannot altogether escape from its power.” 
Dividing the influences thus exercised into three classes, he 
showed that those arising from the configuration of the earth’s 
surface affected movements of races, intercommunications, and 
barriers of separation; that those belonging to climate affected 
the occupation or abandonment of particular localities on the 
score of health, fertility, or non-fertility of soil, and consequently 
commerce and cultivation; and that those which owed their 
existence to natural products unmistakably directed the energies 
of peasantry and p<ople into certain fixed channels of enterprise 
—a result which applies to the zoology as well as to the mineral 
and agricultural resources of a country. THe made the very 
true observation that the ‘‘animals affect man in his early sta e 
in respect to the enemies he has to face, in respect to his power 
of living by the chase, in respect to the clothing which their furs 
and skins offer to him, and in respect to the use he is enabled to 
make of them as beasts of burden or of food”’ ; and he therefore 
concluded that ‘‘zovlogy comes to form a yery important part 
of the environment out of which historical man springs.” A 
volume might well be written on this suggestive theme alone; | 
and if, as I believe, the proposition of a human being's depend- 
ence on environment be admissible in its entirety, what a field of 
speculation is open tothe inquirer! A condition held applicable 
to the unreckoned millions of to-day must have had a marvellous 
effect in giving character to original Man! 

This conception of man’s environment supposed heads or 
branches of geography, all bearing upon history, which might 
be distinguished by names such as ethnological, sanitary, com- 
mercial, linguistic, political and military, legal—the last leading 
to the consideration of the Suez Canal and sea-channels in 
which several States have interests. As time, however, will not 
allow me to quote the lecturer’s apt and well-put illustrations 
which followed, I may mention that the express object with 
which they were introduced was to show how ‘‘the possession 
of geographical knowledge, and a full grasp of the geographical 
conditions ” with regard to some of the leading countries of the 
world, ‘‘ will enable a person studying their history to make the 
history more intelligible and real.” In strict conformity with 
this opinion, and in the conviction that the want of geographical 
knowledge and ‘‘ full grasp” of geographical conditions will be- 
tray men in power to commit dangerous mistakes, calculated to 
injure the national prestige and credit, and men out of power to 
become their upholders in error, I would express the hope that, 
in any future arrangements which may be perfected for the better 
education of our countrymen, while physical and scientific geo- 
graphy are invested with a degree of prominence and honour to 
which they have hitherto never attained, that branch of study 

_which we have been accustomed to call political will be recon- 
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sidered and, if necessary, newly defined by competent men. The 
conclusion at which I have myself arrived—one which I am 
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quite ready to abandon before the arguments of sounder reason 
—is that we have here something which belongs mainly to history, 
and, in such light, its scientific should be separated from its non- 
scientific elements. A partition should be made which would 
equally suit the mind of the student whose tendencies are rather 
towards metaphysics than mathematics, as of him who is a 
votary of practical science only. I do not presume to touch 
upon the action of Universities, except to say that I can con- 
ceive no better example could be afforded that the intellect of 
England had due regard for the material interests of England 
than by the creation of a chair for scientific geography and 
the relegation of that which is non-scientific to the chair of 
history. . . 

Time warns me that I have detained you long enough, and 
that if my illustrations apply to the argument intrusted to your 
consideration, the application should at once be made evident. 
To my own mind the bearing is clear. A Boundary Commis- 
sion represents the three branches of Science, Research, and 
Diplomacy—in other words, all that comes under scientific geo- 
graphy and political geography. The first, you will understand, 
comprises the survey of country, mapping, and determination of 
localities. The second has to do with the definition of territorial 
limits, and, in such sense, with history, ethnology, and laws of 
nations. That all this has been done, and well done, on the 
present occasion is not disputed, any more than that enlightened 
attention will be given to the due disposal of results. But are 
not these matters of sufficient importance to be taught as daily 
lessons in our schools, and presided over in University chairs ? 
Even those barren and desolate lands of which we have now 
spoken—and I have myself traversed many miles of such, some, 
indeed, in the near vicinity of the Perso-Afghan frontier, be- 
tween Herat and Farah—they may have a meaning which can 
only be understood by the initiated, by those who have made 
them a long and seriously-undertaken study. To the many they 
are but miserable deserts displayed in incomplete maps ; to the 
few they may have a value far beyond their outer show. Were 
T asked to sketch out the kind of manual which might be useful 
in preparing officers for dealing with questions such as these, I 
would solicit reference to a late paper which I contributed to a 
quarterly journal, and which I have once before quoted. In it 
T stated :— 

** Asia itself is a stupendous study, but the difficulties may be 
smoothed to the learner by the judicious employment of method 
which, after disposing of essential generalities, would naturally 
tend to division and subdivision. The first would imply a region 
such as Turkestan; the second, a vroup of States or single 
States only, such as Bukhara and Khiva. Given, then, a parti- 
cular area, the next consideration should be to explain its physi- 
cal geography. This should comprise the scientific description 
of its mountains, rivers, and valleys. Its geography should be 
co nprehensive in respect of direction, elevation, watersheds, and 
connection with plains and plateaus; its hydrography should 
treat of sources and mouths, basins, drainage, and connection 
with lake and swamp. Climate and the more important forms 
of animal and vegetable life should follow in due course ; indeed, 
something of geology, zoology, and botany, and it may be more 
besides, night reasonably be added to satisfy the requirements of 
purely scientific teaching. After science, history would follow, 
and, joined to history, an account of the religion, manners, and 
customs of the people, as affected by the historical narrative ; 
a statement of the artificial lines of separation which have re- 
placed natural boundaries in consequence of the wars, revolu- 
tions, or arbitrary changes which have characterised certain 
reigns or epochs; an exposition of the form or forms of govern- 
ment in vogue at different periods; and, finally, a chapter on 
trade and commerce, including a notice of indigenous products 
and manufactures. Maps, applicable to relations of territorial 
changes, would be of immense value ; and an historian’s criticism 
on these relations, if offered in that fair spirit which alone 
is justified in composing history, would be an indispensable 
complement.” . . 

REPORTS 

Second Report of the Committee, consisting of Prof. Balfous 
Stewart (Secretary), Sir W. Thomson, Sir F. H. Lefroy, Sir 
Frederick Evans, Lrof. G. H. Darwin, Prof. G. Chrystal, 
Prof. S. Ff. Perry, Mr. C. H. Carpmael, Prof. Schuster, Capt. 
Creak, and Mr. G. M. Whipple, appointed for the Purpose of 
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Considering the Best Means of Comparing and Reducing Mag- 
netic Observations. Drawn up by Prof. Balfour Stewart.—lt 
is with deep regret that the Com nittee record the death of one 
of their number—Capt Sir Frederick Evans, so well known for 
the valuable contributions which he had made to terrestrial 
magnetism. His eminent scientific qualities combined to make 
him a greatly esteemed member of this Committee, who now 
deplore his loss. 

The Committee have added to their number the following 
gentlemen :—The Astronomer-Royal, Mr. William Ellis, Prof. 
W. G. Adams, and Mr. W. Lant Carpenter. They could hardly 
consider their list complete without the addition of the first two 
names, and they are glad that, although not members of the 
British Association, these gentlemen were not unwilling to serve 
on one of its Committees. 

Since the last meeting of the Association Mr. G. M. Whipple 
has made a comparison between the method «f obtaining the 
solar-diurnal variation of declination adopted by Sir E, Sabine 
and that of Mr. Wild. These methods were applied to three 
years’ observations at the Kew Observatory, and the results were 
compared with those deduced by the Astronomer-Royal from 
the same three years at Greenwich. The comparison will be 
found in Appendix IV. to this report. 

The Committee think that this comparison deserves careful 
study, but they do not feel themselves able to pronounce as yet 
upon the comparative merits of these various methods. Never- 
theless, they are of opinion that it is hizhly desirable to record 
the daily mean values (undisturbed) of the three magnetic ele- 
ments side by side with their solar-diurnal variations. 

It will be seeen by Appendix III. that Sir J. Henry Lefroy 
has continued his comparison of the Toronto and Greenwich 
observations. He has obtained from the smooth curves—that is 
to say, taking Mr. Wild’s method—results which appear to 
show thar the turning-point of the declination is decidedly later 
in local time at Toronto than at Greenwich. Sir J. H. Lefroy 
attributes this to the fact that these two stations are on different 
sides of the Atlantic.1 

Appendix II. exhibits, by aid of a diagram, an interesting 
comparison of Senhor Capello between the diurnal variation of 
the inclination and that of the tension of aqueous vapour. It 
is remarkable to notice the great similarity between these varia- 
tions ; a similarity which holds separately for each month of the 
year. Senhor Capello hopes that these results may be confirmed 
by a more extended series of observations. 

The researches to which allusion has now been made refer to 
the solar-diurnal variation, excluding disturbed observations. 
With respect of disturbances, Sir J. Henry Lefroy has con- 
tinued his comparison of Toronto and Greenwich, and his results 
are indicated in Appendix ITI. 

Prof. W. G. Adams has, it is well known, made, in connec- 
tion with another Committee, extensive comparisons between 
the simultaneous traces of magnetographs in various places. 
He is at present engaged on such an undertaking, and the Com- 
mittee are in hopes that when this is completed he will give 
them the benefit of his experience. The subject is an extremely 
interesting one, and it seems not impossible, judging from the 
Greenwich results as obtained by Sir G. B. Airy, that magnetic 
disturbances may be in a great measure due to earth-currents, 
so that an easy approximate method of recording the latter may 
be obtained from magnetograph indications. 

The Rev. S. J. Perry and Prof. Stewart (Appendix V.) have 
completed their preliminary comparison of certain simultaneous 
fluctuations of the declination at Kew and at Stonyhurst in a 
paper which has been published in the Proceedings of the Royal 
Society, No. 241, 1885. The results are virtually those which 
were stated in the last report of the Committee. The comparison 
is being continued and extended. 

Prof. Stewart and Mr. W. Lant Carpenter (Appendix VI.) 
have given the results of other four years’ reduction of Kew 
declination disturbances classified according to the age of the 
moon. ‘These are very similar to the results of the first four 
years given in our last report. The same observers give a com- 
parison, extending over four years, between declination disturb- 
ances and wind values, which appears to them to show that 
there is some relation between these tvo phenomena. They are 
anxious to continue and extend both these inquizies. 

Prof. Stewart has pointed out certain general considerations 
which appear to indicate that the solar-diurnal variation may 
perhaps be caused by electric currents in the upper atmospheric 

* See Appendix by Sir GB. Airy to the Greenwich Observations, 1884. 

regions. Dr. Schuster has likewise made a preliminary applica- : 
tion of the Gaussian analysis, tending to confirm the hypothesis 
that currents in the upper regions are the cause of these 
variations. ! 

By this analysis Dr. Schuster obtains certain relations between 
the solar-diurnal variations of the three magnetic elements which — 
ought to hold on the hypothesis that these variations are caused 
by currents in the upper atmospheric regions. One of these is 
that the horizontal force component of the daily variation ought 
to have a maximum or minimum at the time when the declination 
component vani-hes—that is to say, atlains its mean position, 
Another is that the horizontal force ought to be a maximum 
in the morning and a minimum in the afternoon in the equatorial 
regions, while in latitudes above 45° the minimum ought to take 
place in the morning. A third is that in the equatorial regions 
the maximum of horizontal force ought to be coincident with 
the minimum of vertical force, and vice versa. 

These conclusions are sufficiently well confirmed by observa- 
tions, and thus render hopeful the first attempt to apply the 
Gaussian analysis to the solar-diurnal variation. 

The appendices of Capt. Creak (I.) and of Dr. Schuster 
(VII.) have reference to this subject, and indicate the import- 
ance of some action being taken by the Committee to prepare 
for a thorough application of the Gaussian analysis to the mag- 
netic variations. It will be seen from the remarks of Dr, 
Schuster that some time must elapse before observations are 
obtained sufficiently good and complete to justify a systematic 
application to them of mathematical analysis. This circum- 
stance has induced the Secretary to lay before this Committee 
in Appendix VIII. a provisional working hypothesis regarding 
the cause of the periodic variations of terrestrial magnetism 
which has gradually grown up by contributions from various 
quarters. 

While this Committee do not hold themselves - responsible for 
the various statements contained in this hypothesis, they would 
point out the desirability of ascertaining to what extent well- 
known magneto-electric laws may succeed in accounting for the 
phenomena of terrestrial magnetism, and likewise the desirability 
of ascertaining to what extent the magnetic earth appears to be 
subject to the laws of ordinary magnets. 

A preliminary working hypothesis of this nature might serve 
to elicit facts while the material for the Gaussian analysis is being 
completed, and it would add to the interest of the final result if 
we should obtain reason to think that electric currents in the 
upper atmospheric regions are at once the zmmediate causes of 
magnetic variations and the effects of atmospheric motions in 
these regions, so that a knowledge of the one set of currents 
might possibly enable us to determine the other. 

Finally, in Appendix IX. we have a list drawn up by Sir J. 
Henry Lefroy of the various stations where magnetic observa- 
tions of any importance have been made. 

The Committee have drawn 10/. Ios., and returned to the 
Association a balance of 297. 10s. They would desire their 
re-appointment, and would request that the sum of 50/. should 
be placed at their disposal, to be spent as they may think best 
on the researches mentioned in this report. 

Third Report of the Committee, consisting of Prof. Balfour 
Stewart (Secretary), Prof. Stokes, Prof. Schuster, Mr. G. Fohn- 
stone Stoney, Prof. Sir H. E. Roscoe, Capt. Abney, and Mr. 
G. F. Symons, appointed for the Purpose of Considering the Best 
Methods of Recording the Direct Intensity of Solar Kadiation.— 
The Committee, in conformity with their last report, have had 
constructed by Mr. Casella an instrument of the following 
description :—It consists of a thick-sided copper cube, one side 
of which is to be exposed to the sun. In the thickness of this | 
side are inserted two thermometers ; a third is put in the side 
opposite ; while the bulb of a fourth occupies the hollow centre. 
If the readings of these instruments are found to have any 
constant relation, the fourth instrument will be replaced by a 
flat bulb thermometer exposed to the sun’s rays through a hole 
in the sun-ward side of the cube. The Committee suggest that 
they be re-appointed, and that the sum of 20/. be again placed 
at their disposal. | 
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From the Report of a Committee, consisting of Profs. G. H. 
Darwin and $. C. Adams, for the Harmonic Analysts of Tidal 
Observations. Drawn up by G. H. Darwin.—Major Baird’s 
**Manual of Tidal Observations” is now printed, and will be 

* An account of these researches will be found in the PA/?. Jag., April 
and May 1886. 
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sold by the British Association, 22, Albemarle Street, W. The 
Indian tidal results of all previous years, and those given in the 
various reports to the British Association, have been reduced by 
Major Baird to the standard form recommended in the report of 
1883. To these have been added the results derived by the 
United States Coast Survey, and the whole has been published 
in the Proceedings of the Royal Society, No. 239, 1885, in a 
paper by Major Baird and Prof. Darwin. In the course of the 
Indian tidal operations a discussion has arisen as to the deter- 
mination of a datum-level for tide-tables. The custom of the 
Admiralty is to refer the tides to ‘‘ the mean low-water mark of 
ordinary spring tides.” This datum has not a precise scientific 
meaning, as the diurnal tides enter into the determination of the 
datum in an undefined manner; and it follows that two determin- 
ations, both equally defensible, might differ sensibly from one 
another. A datum-level should be sufficiently low to obviate 
the frequent occurrence of negative entries in a tide-table, and 
it should be rigorously determinable from tidal theory. It is now 
proposed to adopt as the datum-level at any new ports in India, for 
which tide-tables are to be issued, a datum to be called ‘‘ the 
Indian spring low-water mark,” and which is to be below mean 
sea-level by the sum of the mean semi-ranges of the tides My, 
S., Kj, O; or, in the notation used below,— 

H,, + H, + H’ + Ho 

below mean water-mark. This datum is found to agree pretty 
nearly with the Admiralty datum, but is usually a few inches 
lower. The definition is not founded on any precise theoretical 
considerations, but it satisfies the conditions of 2 good datum, 
and is precisely referable to tidal theory. If, when further 
observations are made, it is found that the values of the several 
H’s require correction, it is not proposed that the datum-level 
shall be altered accordingly, but, -when once fixed, it is to be 
always adhered to. The report then shows how harmonic 
analysis might be applied to the reduction of a short series of 
tidal observations, such as might be made when a ship lies for 
a fortnight or a month ina port. ‘The method has been applied 
by Mr. Alnutt to the computation of tide-tables at Port Blair 
and several other ports, and the computed results are compared 
with those given both by a rigorous instrument and by actual ob- 
servation. It is remarked that, while better agreement was to be 
desired, the errors are inconsiderable fractions of the whole in- 
tervals of time and heights under consideration. An attempt 
made to detect the ninmeteen-yearly tide by observations at 
Karachi has led to the belief that it is extremely improbable 
that this important datum will ever be detected. 

P. T. Main presented a Report on our Experimental Know- 
ledge of Certain Properties of Matter.—Vhe report discussed 
recent work on the testing of Boyle’s law for very low as well as 
for very high pressures, the researches of Amagat and C. Bohr 
being included. It then passed to the verification of Gay-Lussac’s 
law. Recent researches on the saturated pressures of vapours at 
various temperatures, especially those of Ramsay and Young, 
were next considered, especially to determine (1) whether 
statical and dynamical methods of observation lead to similar 
results ; (2) whether the pressures of ice and of water-vapour are 
the same at the same temperature. The important question of 
the pressure of mercury-vapour, and modern research in the 
determination of the critical points of nitrogen and other gases, 
and in the measurement of vapour-densities, were also included. 

Prof. George Forbes presented the Report of the Committee 
on Standards of Light.—Yhe Committee had met repeatedly 
during last winter. It had been proposed in last year’s report to 
carry on experiments on electrical standards in the hope of 
arriving at an absolute standard of light. One of the first steps 
was to discover a means of reproducing a definite temperature, 
and certain experiments were proposed for this purpose. At one 
of the first meetings of the Committee Capt. Abney announced 
that he had already found a means of doing this in a different 
manner to that proposed in the Committee’s report, and depend- 
ing only upon the change of resistance of the carbon filament. 
Under these circumstances the Committee left this part of the 
experimental investigation to be reported upon by Capt. Abney. 
His further researches had, however, led him to believe that the 
law which he had announced to the Committee did not hold with 
all qualities of carbon filament. He had, however, been engaged 
upon further experimental researches, which were almost ready 
for publication, and which had an important bearing upon the 
labours of the Committee. In last year’s report attention was 
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drawn to the value of the pentane standard of Mr. Vernon 
Harcourt as a practical reproducible standard, and Mr. Rawson 
had been since then engaged in a further examination of that 
standard. Sir James Douglass had also made some experiments 
which were not quite completed, but had-gone so far as to give 
great promise. Some account of the experiments in that report 
had been expected by the Committee, but the absence of Sir 
James Douglass on official business had interfered with this. At 
one of the first meetings of the Committee the Secretary showed 
what he had done in the way of improving thermopiles such as 
it was hoped would be of use in the investigations recommended 
in last year’s report, and he was instructed by the Committee to 
proceed with the construction of the instrument, which had been 
completed, and was now to be placed before the Section and 
described in a separate paper. The Committee requested to be 
re-appointed, with a grant of 25/. 

Report of the Committee on Electrolysis, presented by Prof. 
Oliver J. Lodge (Secretary).—The report, which was only an 
interim report, stated that only one meeting had been held, but a 
large amount. of correspondence had passed, as well as work 
done by the various members. This work was discussed in 
separate papers. The Committee asked to be re-appointed with 
a grant to defray the expense chiefly of printing selected memoirs, 
and of getting pure substances. 

Report of the Committee on English Channel Tides.—The 
Committee had received the records of the self-recording tide- 
gauges at Dover and Ostend for the four years 1889 to 1883. 
These are so bulky that they content themselves with discussing 
in an appendix to the report the records of four periods of a 
fortnight in the year 1883, namely, at the solstices and the equi- 
noxes. Of these diagrams were shown. The Committee suggest 
that they hand over their papers and records to the Committee 
for the Harmonic Analysis of Tides. 

Prof. Johnson submitted the Report of the Committee formed 
in Canada to establish a System of Tidal Observations im that 
Country.—He said they had communicated with the Government 
in the matter, and while, owing to the expense at present incurred 
in hydrographical work on Lake Ontario and elsewhere, the 
Government had not yet given their consent, it was hoped that 
before long their object would be attained. The Committee 
asked for re-appointment. 

Report of the Electrical Standards Committee, presented by 
Mr. Glazebrook (Secretary).—Eighteen standard coils have been 
tested during the year, and certificates of their value is-ued. 
The attention of the Secretary was called to the fact that the 
paraffin in some of the coils showed a trace of green coloration 
round the edges. This has been shown to arise from the action 
of a small amount of acid, left in the paraffin, on the copper of 
the case and connecting-rods, and the Committee are considering 
how to deal with the difficulty. At present the insulation resist- 
ance of the coils is extremely high, amounting t» as much as 
8000 megohms. The Committee wish to express their sense of 
the great desirability of establishing a National Standardising 
Laboratory for Electrical Instruments on a permanent basis, 
and their readiness to co-operate in the endeavour to secure the 
same. The Committee apply forre-appointment, with the addition 
of the name of Mr. J. T. Bottomley. 

Second Report on the Fossil Plants of the Tertiary and 
Secondary Bids of the United Kingdom, by F S. Gardner.— 
Attention has been devoted exclusively this year to the fossil 
flowering or phanerogamous plants. The results point to the 
conclusion that while the Gymnosperms, to which the Coniferae 
belong, are of the highest antiquity, there are no angiospermous 
plants in British rocks older than the Secondary, if we except 
the problematic plant known as Sférangium. Even so late as 
the Lias no indisputable Angiosperm has been discovered within 
our area, for the supposed Monocotyledons from the Rheetics, 
near Bristol, hitherto referred to the fa.nily of ’ond-weeds under 
the name Wajadita, are really cryptogamic plants of the moss 
tribe, closely allied to the river moss Fortmadis. This group 
had not previously been found fossil, and, so far as it goes, would 
indicate rather a temperate climate. It is important to notice 
that these conclusions are shared by Prof. Williamson, Mr. 
Carruthers, and by all botanists who have examined them, as 
well as by Mr. Brodie, the possessor of the specimens. The 
Lilia, Bensonia, and other supposed Monocotyiedons of similar 
age are very imperfectly preserved, and doubtless referable to 
Cycads, a family which abounded then. 
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We have examined a large number of specimens of the anoma- 
lous Jurassic plant described by Carruthers as 2/liamsonia. 
‘Though there are still mavy difficulties in the way, our own 
examination of the specimeus in London, Manchester, Cam- 
bridge, and elsewhere tends to confirm Saporta’s view, referring 
them to the group of Pandanacee, so far as that there does 
appear to be vestiges, in some cases at least, of lignitic structure 
which may represent the areolw or carpels. These rather minute 
cavities and the lignitic matter surrounding them fall away on 
exposure to the air, and only traces of them are visible. Should 
Saporta’s contention be upheld, M/i//iamsonia will be by far the 
most perfectly known of the Secondary Angiosperms, since 
all the organs of fructification and even of foliation are more or 
less known. 

A still more definite Monocotyledon is the Podocarya, from 
the Inferior Oolite, originally figured by Buckland, and re- 
described by Carruthers. Its resemblance to the fruit of 
Williamsonia, as interpreted by Saporta, is extremely striking, 
and on suggesting this to that author, he replied that he was in 
the act of preparing an important work on the very subject. 
The same work is to include an illustration of the most recent 
member of the group, obtained from the Grey Chalk of Dover, 
and which we thought advisable to communicate to him. 

Next in point of age, among English Monocotyledons, to the 
Podocarya is the Kaidacarpum, from the Great Oolite, also 
described by Carruthers, and by him referred to the Pandanee. 
We have been able to ascertain that a second species, hitherto 
supposed to be of Cretaceous age from the Potton Sands, is a 
derived fossil, and undoubtedly Jurassic. A third species was 
originally figured, without any refcrence in the letter-press as to 
its age or locality, by Lindley and Hutton as Svobilites Buch- 
land: ; this, however, is far more likely to prove a Jurassic than 
a Cretaceous fossil if found, and the genus should not be in- 
cluded in lists of plants of the latter age. 

The oldest Monocotyledons thus appear to be referable to the 
fandanee, a group of plants distributed in widely distant and 
remote oceanic islands, and whose fruits are still met with at 
sea in drifts of vegetable matter. 

Next to these in antiquity are two very monocotyledonous- 
looking fragments from the Jurassic of Yorkshire, which have 
been fully described in the Geological Ma,azine for May and 
August. The one is apparently an unopened palm-like spathe, 
and the other a jointed cane-like stem. Mr. Lrodie possesses 
an undoubtedly monocotyledonous leaf-fragment from the Pur- 
beck of Swindon. 

The Avordee have long been supposed to be a group of very 
high antiquity, but there are good reasons for believing that the 
supposed remains of aroideous plants from beneath the Tertiaries 
are, without exception, referable to other groups, and actually 
there are no known traces of them earlier than the Middle | 
Eocene, when they become by no means uncommon, 

In a similar manner the fruits once supposed to represent 
Palms in the Palazozoic and Mesozoic rocks have been gradually 
removed or suppressed, and, unless the fragments of palm-like 
wood in the Gault at Folkestone are taken into account, there are 
no traces of palms in any of our Secondary strata. They, how- 
ever, appear as low down in our Eocene as the Woolwich 
series. 

The supposed liliaceous or Dyacena-like stems from the 
Wealden, so frequently mentioned by Mantell, are not easy now 
to identify ; but it is very probable that certain stems of Zxao- 
genites in the British Museum are those intended, in which case 
they are of course cycaceous. The Wealden has, indeed, so far 
yielded no trace whatever of any more hizhly organised plants 
than ferns and Gymnosperms, and this, when we consider that 
Monocotyledons were undoubtedly in existence, is a fact that 
should be of great significance to speculative geologists. The 
sediments must represent the deposits of the drainage system of 
a large area, for they are of vast extent and thickness, varied in 
character, and abounding in remains of trunks and stems, fruits 
and foliage of plants. In them, therefore, if anywhere, we 
might reasonably expect to find at least the traces of reed and 
rush, but the swamps seem to have been tenanted only by 
Equisetum and ferns, and the forests by Cycads and Conifers. 

Angiosperms are absent throughout the Neocomign and Gault 
of Britain ; and it is only in the White Chalk that we meet with 
any indications of them. 

Of the gymnospermous section of Phanerogams the records 
are very different. To refer here to the earlier Secondary 
Coniferze and Cycadez would be quite beyond our province, 

and it is only those of the Cretaceous, as the last discoverable 
ancestors in our area of the Eocene flora, that are of immediate 
interest. These belong, excluding Cycads, chiefly to the newest 
section of the Coniferee, the Pine family. We are able to make 
the following contribution to our knowledge of these :—/irites 

| Andrei, Coemaus (Gault, Folkestone) ; P. Valensis, sp.nov. 
| (Wealden, Brook Point, Isle of Wight) ; P. Carruthers’, sp.nov. 

, Greensand, Potton). 

(Wealden, Brook Point, Isle of Wight) ; P. cydindroides, sp.nov. 
(Lower Greensand, Potton); P. Fottonienss, sp.nov. (Lower 

These are described and figured; the 
report then gives a list of thirteen species of British Cretaceous. 
Conifer previously described. 

Passing to the Tertiary forms the report refers to leaves in 
the basement bed of the London Clay at Colden Common, be- 
tween Bishopstoke and Winchester: the blocks of clay in which 
the leaves occur are derived, but the plants are allied to the Alum 
Bay flora ; there are no palms. 

Much work has been done in collecting at Sheppey, but there 
are great difficulties in the way of determining the fruits, 

A large series of leaves of Syzilacee has been obtained from 
Bournemouth, by means of which the number of good species is- 
now reduced to five. 

The leaves of Své/acee are highly characteristic, and can be 
determined with a large degree of certainty ; but it is quite 
improbable that such will be the case with very many of the 
families of Dicotyledons. 4 

Fortunately fruits and even flowers are comparatively abundant. 
at Bournemouth, and we consequently anticipate little difficulty 
in determining leaves belonging to such easily distinguishable 
fruits as Alnus, Tilia, Acer, Carpinus, the Leguminose, and 
many others, but the residuum with indeterminable fruits, or 
fruits that will not float, may be very large. We are thus 
brought to the question, whether any value beyond that of mere 
landmarks, or aids to the correlation of rocks, can be attached 
to the determinations of fossil dicotyledonous leaves arrived at 
when fruits are absent. Nearly every Tertiary and even many 
Cretaceous floras are said to comprise Quercus, Fagus, and 
Corylus, to select these as typical examples. Now, we very 
much doubt whether the fruits of these genera have been met 
with in any strata older than the Upper Miocene, we might 
almost say the Pliocene ; whilst in the latter the fruits of at least — 
two of them are very far from uncommon. Fossil hazel-nuts 
are well known to abound in forest beds such as the one at 
Brook, in the Isle of Wight, and at Carrickfergus. It does 
appear to us that it would have been wiser and more consistent, 
when arriving at these determinations, to have taken the absence 
of fruits into account, when these were such as would naturally 
have been preserved. The large proportion of fossil dicotyled- 
onous leaves that have been referred without any hesitation to — 
living genera, must strike every one, in comparison with the 
relatively few associated fruits that have been determined other- 
wise than as Carpolithes—a name which isa confession of failure. 

| It will thus be seen that in our opinion the fossil Dicotyledons of 
our own Eocene must be dealt with in a manner different from 
that pursued by the majority of foreign writers on kindred 
subjects, and that a revision of much of their work is urgently 
needed. 

Report on the Caves of North Wales, by Dr. H. Hicks, F.R.S. 
—The explorations have been confined to the caverns of Ffynnon 
Beuno and Cae Gwyn, in the Vale of Clwyd. Among the 
remains discovered in these two caverns up to the commence- 
ment of the work this year there were over eighty jaws belonging 
to various animals, and more than 1300 loose teeth, including 
about 400 rhinoceros, 15 mammoth, 180 hyzna, and 500 horse: 
teeth. Other bones and fragments of bones occurred also im 
very great abundance. Several flint implements, including 
flakes, scrapers, and lance-heads, were found in association with 
the bones. The most important evidence, however, obtained in 
the previous researches was that bearing on the physical changes 
to which the area must have been subjected since the caverns 
were occupied by the animals. During the excavations it became 
clear that the bones had been greatly disturbed by water action, 
that the stalagmite floor, in parts more than a foot in thickness, 
and massive stalactites had also been broken and thrown about 
in all positions, and that these had been covered afterwards by 
clays and sand containing foreign pebbles. This seemed to 
prove that the caverns, now 400 feet above Ordnance datum, 
must have been submerged subsequently to their occupation by 
the animals and by man. One of the principal objects, there- 
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fore, which the Committee had in view this year was to critically 
examine those portions of the caverns not previously explored, 
so as to endeavour to arrive at the true cause of the pecaliar 
conditions observed. When the explorations were suspended 
last year in the Cae Gwyn Cave it was supposed that we had 
just reached a chamber of considerable size, but after a few days’ 
work this year it was found that what appeared to be a chamber 
was agradual widening of the cavern towards a covered entrance. 
The position of this entrance greatly surprised us, as hitherto we 
hhad believed that we were gradually getting further into the 
limestone hill. The rise in the field at this point, however, 
proved to be composed of a considerable thickness of glacial 
deposits heaped up against a limestone cliff. A shaft, 20 feet 
deep, was opened over this entrance from the field above. The 
beds were carefully measured by Mr. C. E. De Rance, Mr. 
Luxmoore, and the writer, during the prosecution of the work. 

Below the soil, for about 8 feet, a tolerably stiff boulder-clay, 
containing many ice-scratched boulders and narrow bands and 
pockets of sand, was found. Below this there were about 7 
feet of grayel and sand, with here and there bands of red clay, 
having also many ice-scratched boulders. The next deposit met 
with was a laminated brown clay, and under this was found the 
bone-earth, a brown, sandy clay with small pebbles and with 
angular fragments of limestone, stalagmite, and stalactites. On 
June 28, in the presence of Mr. G. H. Morton, of Liverpool, 
and the writer, a small but well-worked flint-flake was dug up 
from the bone-earth on the south side of the entrance. Its 
“position was about 18 inches below the lowest bed of sand. 
Several teeth of hyzena and reindeer, as well as fragments of 
bone, were also found at the same place; and at other points in | 
the shaft teeth of rhinoceros and a fragment of a mammoth’s 
tooth. One rhinoceros tooth was found at the extreme point 
examined, about 6 feet beyond and directly in front of the 
entrance. It seems clear that the contents of the cavern must 
have been washed out by marine action during the great snbmer- 
gencein mid-Glacial time, and that they were afterwards covered 
by marine sands and by an upper boulder-clay, identical in 
character with that found at many points in the Vale of Clwyd 
and in other places on the North Wales coast. The bone-earth 
seems to diminish in thickness rather rapidly outwards under the 
glacial deposits, but it was found as far out as the excavations 
have been made. Here the bone-earth rests directly on the 
limestone floor, with no local gravel between, as in the cavern. 
It would be interesting to know how far the cave-earth extends 
under the glacial deposits, but this could only be ascertained by 
making a deep cutting through the terrace of glacial deposits, 
which extends for a considerable distance in a westerly direction. 
The glacial deposits here are undoubtedly in an entirely undis- 
turbed condition, and are full of smooth and well-scratched 
boulders, many of them being of considerable size. Among the 
boulders found are granites, gneiss, quartzites, flint, felsites, 
diorites, volcanic ash, Silurian rocks, and limestone. Silurian 
rocks are most abundant. It is clear that we have here rocks 
from northern sources, along with those from the Welsh hills, 
and the manner in which the limestone at the entrance to the 
cavern in the shaft is smoothed from the north would indicate 
that to be the main direction of the flow. The marine sands 
and gravels which rest immediately on the bone-earth are pro- 
bably of the age of the Moel Tryfaen and other high-level sands, 
and the overlying clay with large boulders and intercalated sands 
may be considered of the age of the so-called upper boulder-clay 

The latter must evidently have been deposited by 
coast-ice. Whether the caverns were occupied in pre- or only 
in inter-Glacial times it is difficult to decide, but it is certain that 
they were frequented by Pleistocene animals and by man before 
the characteristic glacial deposits of this area were accumulated. 
The local gravel found in the caverns, underlying the bone earth, 
must have been washed in by streams at an earlier period, pro- 
bably before the excavation of the rocky floor of the valley to its 
present depth. From the Glacial period up to the present time 
excavation has taken place only in the glacial deposits, which 
must have filled the valley up to a level considerably above the 
entrances to the caverns. ‘lhe characteristic red boulder-clay 
with erratic blocks from northern sources is found in this area to 
a height of about 500 feet, and sands and gravels in the moun- 
tains to the south-east to an elevation of about 1400 feet. The 
natural conclusion therefore is that the caverns were occupied by 
an early Pleistocene fauna and by man anterior to the great sub- 
mergence indicated by the high-level marine sands, and therefore 
also before the deposition of the so-called great upper boulder- 
clay of this area, As there is no evidence against such a view, 

* Tremadoc. 

it may even be legitimately assumed that the ossiferous remains 
and the Hint implements are of an earlier date than any glacial 
deposits found in this area. 

Fourth Report on the Fossil Phyllopoda of the Paleozoic Rocks, 
by Prof. T. R. Fones.—This report tabulates 37 species with 
their geological range, critical remarks being given on most 
species. There are 28 species of Ceratiocaris from beds ranging 
from the Carboniferous limestone to the Lower Wenlock ; three 
doubtiul forms are recorded from the Upper Llandovery and 

The other forms referred to are Zymelecaris (four 
species), Physocaris vesica, and NXiphocaris ensis, all from the 
Ludlow beds. 

Report on the Vo'canic Phenomena of Vesuvius and its Neagh- 
bourhood, by Dr. H. F. Fohnston-Lavis.—The report gave a de- 
scription of the volcanic activity of Vesuvius during the past 
year, illustrated by photographs. The fourth sheet of the Geo- 
logical Map of Monte Somma and Vesuvius (scale 1 : 10,000) 
has been completed, and was exhibited at the meeting; this 
distinguishes in great detail the lava-flows of various dates. The 
present year has been remarkable for the chances it affords for 
studying the subterranean structure of the Campi Phlegrei and 
the volcanic region around Naples. The great main drain 
which is to convey the sewage of Naples to the Gulf of Gaeta 
will traverse the region west of Naples on a line running nearly 
east and west. Five borings have been made to test the ground 
to be cut throuzh, in which observations on the water-level, 
temperature, and presence of volcanic gases were made. A deep 
well is in progress at Lago Fusaro. Five other borings on or 
near the renowned Starza or fore-shore of Puzzuoli, on the new 
works of Sir W. Armstrong, Mitchell, and Co., are interesting 
as being within a few hundred yards of the celebrated so-called 
Temple of Serapis. Two are on the shore, and three at varying 
distances out to sea ; they fully confirm the opinions venerally held 
as to the oscillations of the ground here. The new Cumana Rail- 
way from Naples to Baia and Fusaro traverses the rocky escarp- 
ment just west of Naples. This has hitherto been supp)sed to be 
composed of a moderately uniform mass of pelagonatised basic 
marine tuff; but under the middle of the Corso Vitt. Emanuele 
and the Via Tasso the edge of a trachyte flow was traversed for 
over 70 metres. Much interesting information is expected from 
this railway, which will require a number of cuttings and tunnels, 
and will have to traverse the hot hill behind Baia. A deep well, 
in progress at Ponticelli on the outskirts of Naples, towards 
Vesuvius, has already been carried to a depth of over 109 
metres ; in the lower half of this a series of leucitic lava-streams 
was traversed, showing the great distances to which the old 
flows from Monte Somma reached, and also that either great 
depression of land has taken place, or that Monte Somma once 
formed a volcanic island. The work in hand, in addition to 
watching the progress of the works mentioned above, and 
mapping the old lava-streams, includes a careful study of the 
ejected blocks of Monte Somma, both chemical and micro- 
scopical, and a comparison of these rocks with those of the 
ancient volcanic regions of the Fassathal in the Tyrol, which 
they greatly resemble. 

Thirteenth Report on the Erratic Blocks of England and Wales, 
by Rev. Dr. Crosskey.—This describes boulders near Settle and 
Kendal, to which the attention of the Committee has been called 
by Prof. T. McKenny Hughes, which are perched on pedestals 
of limestone striated in the direction of the main ice-flow. The 
boulders have preserved the rock immediately beneath from 
denudation. Mr. Plant gives much information upon the 
boulders in the valley of the Soar near Leicester recently well 
exposed in deep excavations. Thousands of blocks here occur 
in the boulder-clay ; about one half are from Charnwood Forest, 
the remainder from the Permian sandstones and Carboniferous 
rocks of the Ashby coal-field, with blocks of mountain limestone 
brought fifteen or eighteen miles from the north-west ; the rest are 
from the east side of the Pennine Chain, forty to fifty miles 
distant to the north-east. Details of various other excavations in 
and around Leicester were given, from which it is inferred that 
the Charnwood district was the centre of lo-alice-action. Dr. 
Crosskey and Mr. F. W. Martin describe a group of boulders 
between Shifnal and Tong, the stones consisting of rocks from 
the Lake district with Criffel granites which have evidently 
travelled together to their present position. 

Report on the Erosion of the Sea-Coasts of England and Wates, 
by C. E. De Rance and W. Tofley.—The information here 
given referred in part to the East Anglian coast, for which 
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several returns had been received. The rate and mode of 
erosion of the chalk cliffs at the north-west part of the Isle of 
Thanet is described by Mr. R. B. Grantham ; in places as much 
as 20 feet in width of cliff has been lost in five years, but the 
average loss is not so much. 

Capt. T. Griffiths and Mr. H. W. Williams contribute a 
report on the north-west coast of Pembrokeshire, where the 
alterations are in places important, and in all are historically 
interesting. 

A report by Mr. K. McAlpine, on Pembrokeshire, illustrated 
by numerous photographs, was also laid before the meeting. 

The Twelfth Report of the Committee on the Circulation 
of Underground Waters, by C. E. De Rance.—During the 
thirteen years the investigation had been going on much valuable 
information had been obtained ; the complete dependence of the 
supply of underground water on the annual rainfall and the cha- 
racter and porosity of the strata on which the rain fell, had been 
completely established, varying from one inch to twelve inches of 
rainfall annually absorbed on each square mile ; one inch of rain 
giving 40,000 gallons per day for each square mile of surface 
exposed. The great value of underground supplies had been 
shown during severe droughts, the dry-weather flow of the 
streams and rivers being wholly dependent on underground sup- 
plies issuing as deep-seated springs. Large quantities of water 
could be obtained by deep wells in suitable situations, as was well 
shown by the Birmingham Corporation supply,—the Aston well 
yielding 3 million gallons a day, the Witton well 24 million 
gallons, King’s Vale a quarter of a million gallons, Perry well 2 
million gallons, Selby Oak well 1} million gallons, giving a total 
supply from wells of 9 million gallonsa day, the remaining sup- 
ply being from streams yielding 74 million gallons a day ; giving 
a total supply of 164 million gallons, of which only 12 are 
required at present. Large supplies of pure artesian well waters 
are obtained and used at Nottingham, Liverpool, and Birken- 
head. The supplies to other cities were investigated, and the 
recent successful borings at Stafford commented on. 

Report of the Committee, consisting of Mr. Fohn Cordeaux 
(Secretary), Prof. A. Newton, Mr. T. A. Harvie-Brown, Mr. 
William Eagle Clarke, Mr. R. M. Barrington, and Mr. A. G. 
More, re-appointed at Aberdeen for the Purpose of Obtaining 
(with the consent of the Master and Brethren of the Trinity 
House and the Commissioners of Northern and TLrish Lights) 
Observations on the Migration of Birds at Lighthouses and 
Light-vessels, and of reporting on the same.—The General Re- 
port of the Committee, of which this is an abstract, is comprised 
in a pamphlet of 173 pages,! and includes observations taken at 
lighthouses and light-vessels, as well as at several land stations, 
on the coasts of Great Britain and Ireland and the outlying 
islands. The best thanks of the Committee are due to their 
numerous observers for their assistance. Much good work has 
been rendered by those amongst them who have taken the 
trouble to forward a leg and wing of such specimens as have 
been killed against the lanterns, and which they have themselves 
not been able to identify. This has already led to the deter- 
mination of several rare birds, which otherwise would have 
escaped notice. It is evident that, unless the birds can be cor- 
rectly named, the value of this inquiry is materially diminished, 
and ornithologists may justly refuse to accept the accuracy of 
the statements. It is intended, in order to facilitate the sending 
of wings, to supply the light-keepers with large linen-lined en- 
velopes, ready stamped, and inclosing labels for dates and other 
particulars. The best thanks of the Committee are also ten- 
dered to Mr. H. Gatke for the increased interest he has given 
to their Report by forwarding a daily record of the migration of 
birds as observed at Heligoland between January 1 and Decem- 
ber 31, with the concurrent meteorological conditions under 
which the various phenomena occurred. Altogether 187 stations 
were supplied with printed schedules for registering the observa- 
tions, and returns have been sent in from 125. About 267 
separate schedules have been sent in to your reporters. The 
general results, as far as the special object of the inquiry, have 
been very satisfactory, and much information has also been ac- 
cumulated respecting the breeding habits of sea-fowl on the 
outlying islands and skerries on the Scotch and Irish coasts, and 
altogether a great mass of facts and valuable data obtained 
which cannot fail to be of value to future inquirers. A special 

* **Report on the Migration of Birds in the Springand Autumn of 1835.”” 
(McFarlane and Erskine, 19, St. James’s Square, Edinburgh.) 

point of interest in the Report is the large arrival, with a north- 
east wind, of pied flycatchers in the first week in May 1885, 
observed at Spurn Point, Flamborough Head, the Isle of May, 
and Pentland Skerries. | At Flamborough Head the flycatchers 
were accompanied by male redstarts in large numbers, both 
species swarming for two or three days. The immigration at 
this period was not exclusively confined to these two species. 
Mr. Agnew, writing from the Isle of May, at the entrance of 
the Firth of Forth, says, under date of May 3:—‘‘ An extra- 
ordinary rush of migrants to-day ; have never seen anything like 
it in spring. To attempt to give numbers is simply useless. I 
will just give you the names in succession : fieldfares, redwings, 
ring-ouzels, blackbirds, lapwings, dotterels, rock-pigeons, hawk, 
meadow pipits, redstarts, whinchats, tree-sparrows, yellow wag- 
tails, ortolan (obtained), robins, chiff-chaffs, wood-warbler, 
blackcap-warbler, marsh-tit, whitethroats, and pied flycatchers.” 
And on the 4th: ‘‘ Stil increasing in numbers, but wind shifted 
this morning to E. for S.E.” A noteworthy incident also of 
the vernal migration was the great rush of wheatears observed at 
the Bahama Bank vessel off the Isle of Man, and at Langness on 
the night of April 13, when many perished and were captured. 
On the same night, wheatears were killed at the Coningbeg and 
Rathlin Island Lighthouses on the Irish coast. On the 12th 
and 13th the rush was very heavy at stations on the west coast 
of Scotland. No corresponding movement was observed on the 
east coast of Great Britain on the same night; but at Hanois 
L.H., Guernsey, on May 10, at night at the north light, and on 
the Lincolnshire coast and Farn Islands on the roth and 11th. 
These entries are sufficient to show the immense area covered 
by the migration of this species at or about the same period. 
On the east coast of England the first wheatears were observed 
at the Farn Islands on February 22. The autumnal migration 
is first indicated at Heligoland on July 6, and was continued 
with slight intermissions up to the end of the year. A similar 
movement affected the whole of the east coast of Great Britain 
during the same period, but was apparently less constant and 
persistent than at Heligoland. It has been remarked in previous 
Reports that the migration of a species extends over many weeks, 
and in some cases is extended for months. Yet it is observable 
that, at least on the east coast of England, year by year, the 
bulk or main body of the birds come in two enormous and 
almost continuous rushes during the second and third weeks in 
October and the corresponding weeks in November. In the 
autumn of 1885 it is again observable that the chief general 
movements which usually characterise the southward autumnal 
passage were two in number, and affected the stations over the 
whole coast-line both east and west of Great Britain. The first 
of these commenced about October 11, and was continued to 
the 20th. The second from November 8 to 12. It is worthy 
of notice that these two chief movements of the autumn were 
ushered in by, and concurrent with, anti-cyclonic conditions, 
preceded by, and ceasing with, cyclonic depressions, affecting, 
more or less, the whole of the British Isles. From this it appears 
not unlikely that birds await the approach of favourable meteoro- 
logical conditions, of which, perhaps, their more acute senses give 
them timely warning, to migrate in mass. Whatever may be the 
cause which impels these enormous rushes, often continuous for 
days, it is one which operates over an immense area at one and 
the same time. The October rush reached its maximum on the 
16th, at which date almost all the stations report extraordinary 
numbers of various species on the wing. As one out of many, 
we quote from the journal of Mr. James Jack, principal of 
the Bell Rock Lighthouse :—‘‘ Birds began to arrive at 7.30 
p.m., striking lightly and flying off again ; numbers went 
on increasing till midnight, when it seemed that a vast flock 
had arrived, as they now swarmed in the rays of light, and, 
striking hard, fell dead on balcony or rebounded into the sea. 
At 3.a.m. another flock seemed to have arrived, as the numbers 
now increased in density ; at the same time all kinds crowded 
on to the lantern windows, trying to force their way to the 
light. The noise they made shrieking and battering the 
windows baflles description. The birds were now apparently in 
thousands; nothing ever seen here like it by us keepers. 
Wherever there was a light visible in the building they tried 
to force their way to it. ‘lhe bedroom windows being open as 
usual for air all night, they got in and put the lights out. All 
birds went offat 6a.m., going W.S.W. Redwings were most 
in number, starlings next, blackbirds, fieldfares, and larks.” 
The rush in November chiefly took place in the night; at the 
Bell Rock the movement ceased at midnight of the 12th, and at 
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the Longstone Lighthouse, on the Farn Islands, a little earlier 
—at 10.30 p.m., when the wind became strong from S.W. 
From each succeeding year’s statistics we have come to almost 
similar conclusions regarding the lines of flight—regular and 
periodically used routes where the migratory hosts are focused 
into solid streams. Three salient lines on the east coast of 
Scotland are invariably shown, viz. (1) by the entrance of the 
Firth of Forth, and as far north as Bell Rock, both coming in 
autumn and leaving in spring; (2) by the Pentland Firth and 
Pentland Skerries, likewise in spring and autumn ; and (3) by 
the insular groups of Orkney and Shetland, which perhaps may 
be looked upon as part of No. 2. On the other hand, three 
great areas of coast-line, including many favourably lighted 
stations, almost invariably, save in occasionally protracted 
easterly winds, and even then but rarely, send in no returns, or 
schedules of the very scantiest description. ‘Ihese areas are 
Berwickshire, the whole of the east coast south of the Moray 
Firth, and Caithness and East Sutherland. Each and all of 
these areas possess high and precipitous coast-lines, if we except 
the minor estuaries of the Rivers Tay and Dee, and asmall por- 
tion of the lower coast-line of Sutherland, which face towards 
the east. On the east coast of England these highways are less 
clearly demonstrated. The Farn Islands, Flamborough Head, 
and the Spurn are well established points of arrival and de- 
parture ; but south of the Humber as far as the South Foreland 
the stream appears continuous along the whole coast-line, and to 
no single locality can any certain and definite route be assigned. 
It cannot be said that the southerly flow of autumn migrants is 
equally distributed along the entire west coast of England. On 
the contrary, the schedules afford unmistakable evidence that 
the great majority of these migrants, so far as the English and 
Welsh coasts are concerned, are observed at stations south of 
Anglesey. But while the north-west section of the coast is thus 
less favoured than the rest, such is not the case with the Isle of 
Man, which comes in for an important share of the west coast 
migratory movement. The fact has already been alluded to 
that large masses of immigrants from Southern Europe pass 
through the Pentland Firth, and, along with migrants from 
Faroe, Iceland, and Greenland, pass down the west coast of 
Scotland, whence many cross to Ireland, and it seems most 
probable that the remainder leave Scotland at some point on 
the Wigtown coast, and pass by way of the Isle of Man to the 
west coast of Wales, and thus avoid the English shore of the 
Trish Sea. The schedules sent in from the coasts of Flint, 
Cheshire, Lancashire, and Cumberland show that in 1884-85 
comparatively few migrants were observed, and that the great 
general movement did not affect them in any general degree. 
These remarks do not apply to migrants amongst the waders and 
ducks and geese, which, as a rule, closely follow coast-lines, 
and which are abundantly represented on the Solway and coasts 
of Cumberland and Lancashire. There is a much-used bird 
route along the north coast of the British Channel, and thence, 
from the Pembroke coast, across to Wexford, passing the 
Tuskar Rock, the best Irish station. The fact of a double 
migration or passage of birds, identical in species, ac.oss the 
North Sea in the spring and autumn both towards the E. and 
S.E., and to the W. and N.W., is again very clearly shown in 
the present report. This phenomenon of a cross migration to 
and from the Continent, proceeding at one and the same time, 
is regularly recorded on the whole of the east coast of England, 
but is specially observable at those light-vessels which are 
stationed in the south-east district ; at the same time, it is in- 
variably persistent, and regular year by year. Our most inter- 
esting stations are those on small islands or rocks, or light- 
vessels at a considerable distance from shore, and the regular 
occurrence of so many land birds, apparently of weak power of 
flight, around these lanterns, is a matter of surprise to those 
unacquainted with the facts of migration. No clear indication 
of the migration of the redbreast has yet been shown on the 
Trish coast ; the records of its occurrences are few and scattered. 
The black redstart was recorded at several stations in the 
southern half of Ireland ; specimens were forwarded from Mine 
Head, the Skelligs, and Rockabill. It is apparently a regular 
winter visitant to the Skelligs and Tearaght, generally appear- 
ing in October and November. The occurrences so far 
recorded by the Committee of the black redstart on the east 
coast of Great Britain, in the autumn, range between October 
3 and November 3. In the spring of the present year, Mr. G. 

Hunt, under date of March 20, reports an extraordinary flight 
of rooks at Somerton, on the Norfolk coast, which he observed 
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from 10.30a.m. to 6 p.m. He says :—‘‘I observed them flying 
just above the sand-hills, going due south, and as far as the 
eye could see both before and behind there was nothing but 
rooks. There could never for one moment in the day be less 
than a thousand in sight at one time; they kept in a thin 
wavering line. The coast line here runs due north and south.” 
Mr. J. H. Gurney reports :—‘‘I saw the rooks and grey crows 
on the same day in much smaller numbers as were seen at 
Somerton, which is fifteen miles further south. I again saw 
them on the 21st, 22nd, 25th, 26th, and 29th, but none after 
this date; with us, however, grey crows preponderated ; the 
direction was to S.E. An enormous migration of these and 
many others is recorded from Heligoland, also from Hanover 
between March 19 and 25.” In conclusion your Committee 
wish to thank H.R.H. the Master and the Elder Brethren of 
the Trinity House, the Commissioners of Northern Lights, and 
the Commissioners of Irish Lights for their ready co-operation 
and assistance, through their intelligent officers and men, in this 
inquiry. The Committee respectfully request their re-appoint- 
ment. 

Report of the Committee, consisting of Prof. Cleland, Prof. 
McKendrick, Prof. Ewart, Prof. Stirling, Prof. Bower, Dr. 
Cleghorn, and Prof. McIntosh (Secreta'y), for the Purpose of 
continuing the Researches on Hood-Fishes and Invertebrates at 
the St. Andrews Marine Laboratory.—lthe Committee beg to 
report that the sum of 75/., placed at their disposal, has for the 
most part been expended in the purchase of instruments and 
books permanently useful in the Laboratory, only a limited pro- 
portion having been disbursed for skilled assistance. Since the 
meeting of the Association at Aberdeen last year several struc- 
tural improvements in the wooden hospital, now converted into 
the Laboratory, have been completed, and others are being 
carried out by the Fishery Board for Scotland. These changes 
will render the temporary building much more suitable for work. 
A small yawl of about 21 feet in length has also been added to 
the apparatus by the Fishery Board. The desiderata now are 
an increase in the number of good microscopes and other ex- 
pensive instruments, and an addition to the nucleus of books 
which workers require always at hand. In this respect the 
Laboratory has been much indebted to the Earl of Dalhousie, 
who forwarded a complete set of Fishery Blue-Books, and to 
the Trustees of the British Museum, who sent such of their 
publications as bore on marine zoology. Collections of papers 
have also been forwarded by many observers, amongst whom 
Prof. Flower, the late Dr. Gwyn Jeffreys, and Prof. Alexander 
Agassiz are conspicuous. Most of the Continental and American 
workers in marine zoology and cognate subjects, as well as those 
of our own country, are indeed represented. The first work of 
the year was the examination of a fine male tunny, 9 feet in 
length, caught in a beam-trawl net near the mouth of the Forth, 
and the skeleton of which is now being prepared for the Uni- 
versity Museum. Various interesting anatomical features came 
under notice, and its perfect condition enabled a more correct 
figure of its external appearance to be made (wide dun. Nat. 
Hist,, April and May 1886, and ‘‘ Fourth Report of the Fishery 
Board for Scotland,” plate 8). The examination of various food- 
and other fishes in their adult and young conditions was sys- 
tematically carried out, and notes on the following species will 
be found in the Annals of Natural History, and the ‘‘ Report of 
the Fishery Board” :—Weever (greater and lesser), shanny, 
sand-eel, halibut, salmon, common trout, herring, sprat, conger, 
ballan-wrasse, shagreen-ray, piked dog-fish, and porbeagle- 
shark. Special attention was also given to the ‘‘ Mode of Cap- 
ture of Food-Fishes by Liners,” ‘‘ Injuries to Baited Hooks and 
to Fishes on the Lines,” ‘‘ Shrimp-Trawling in the Thames,” 
‘«Sprat-Fishing,”’ and to the ‘‘ Eggs and Young of Food- and 
other Fishes,” ‘‘ Diseases of Fishes,” the ‘‘ Effect of Storms on 
‘the Marine Fauna,” and ‘‘ Remarks on Invertebrates, including 
Forms used as Bait” (vide ‘* Fourth Report of the Fishery Board 
for Scotland,” 1886). The active work in connection with the 
development of fishes for the season may be dated from the 
middle of January, when one of the local trawlers captured a 
large mass of the ova of one of the food-fishes, viz. the 
catfish. The embryos in these eggs (which are the size 
of the salmon’s) were well advanced, so that, with the 
exception of a few unimpregnated ova observed during the 
trawling experiments of 1884, the earlier stages have yet to be 
examined. The large size of the embryos of the catfish per- 
mitted a satisfactory comparison to be instituted between them 
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and the salmon, which had formerly been under examination, 
and the results, with drawings of both forms, are nearly com- 
pleted, and will be communicated to one of the Societies during 
the winter. The first pelagic ova, viz. those of the haddock, 
made their appearance during the very cold weather in the be- 
ginning of February, and the examination of these, together 
with those of the cod and common flounder—both of which were 
unusually late—enabled Mr. E.. E. Prince and the Secretary to 
extend considerably the observations of last year. Moreover, 
for the first time, the ova of the ling (AZlva vulgaris) were 
examined, and the development followed to a fairly advanced 
stage. These were procured by a long-line fisherman of Cellar- 
dyke (who with others was supplied with suitable earthenware 
jars? and encouraged by a visit to the Laboratory), fertilised 
about 100 miles off the Island of May, and safely brought, after 
a considerable land journey, to St. Andrews. The fertilised 
ova of the plaice and lemon-dab were similarly brought by Capt. 
Burn, late of the Hussars, from the Moray Frith; for the Labora- 
tory had then no boat suited for procuring a supply nearer home. 
No fish, however, has been more useful to the workers this 
season than the gurnard (77ig/a guznardus), the spawning period 
of which seems to have been somewhat later than usual. The 
first ova were procured about the middle of May, and the em- 
bryos of the last hatching (middle of August) still swarm in the 
vessels. Further observations were also made on the ova and 
young of the lunpsucker, Montagu’s sucker, shanny, stickle- 
back, sand-eel, Co/tus, &c. Amongst others the ripe ovum of 
Ammodytes tobianus has been examined. It is colourless, trans- 
lucent, and has a beautifully reticulated capsule. Mr. Prince is 
of opinion that, as suggested in the ‘‘ Report of H.M. Trawling 
Commission,” it most nearly resembles a pelagic egg. More- 
over, the information neces-ary for filling up the gaps between 
the very early stages of the young food-fishes near the surface 
and their appearance off the shore as shoals of young forms more 
or less easily recognisable specifically has been considerably in- 
creased. Much of this knowledge has been obtained by the aid 
of a huge tow-net of coarse gauze—upwards of twenty feet in 
length—attached to a triangle of wood, ten feet each way, sunk 
by a heavy weight and kept steadily at the required depth in 
fathoms by a galvanised iron float, such as is used for the ends 
of herring-nets. Since the completion of the net, however, the 
services of the Fishery Board tender Garland have only once 
been available, and the yawl has been at our disposal 
only a few weeks. In these brief opportunities, however, 
the young of various fishes have been obtained at stages 
hitherto unknown, and some rare invertebrates and a new 
Medusa have been captured. Enough, in short, has been seen 
to indicate the value of this apparatus, and of certain modi- 
fications of the ordinary beam-trawl for work on the bottom. 
The hatching and rearing of the embryos of the common food- 
fishes have been attended with much greater success than last 
year or the previous one, and a large series of microscopic pre- 
parations (chiefly sections with the Caldwell and rocking micro- 
tomes) has been made by Mr. E. E. Prince, embracing the 
entire development of the food-fishes from the early ovum to a 
late larval stage. The study of these preparations is now being 
proceeded with ; but in traversing a field so extensive as the 
embryology of these important Teleosteans a great expenditure 
of time and labour is required. It is hoped, however, that the 
results will be completed during the winter (zie for other obser- 
vations the Annals of Natural History for April, May, June, 
and August 1886; NaTure, June 1886, &c.). Since the be- 
ginning of June, Dr. Scharff has been occupied with the inves- 
tigation of the intra-ovarian egg of a number of Teleostean 
fishes. Among the ovaries examined were those of Trigla 
gurnardus, Gadus virens and G. luscus, Gadus merlangus, 
Anarrhichas lupus, Conzer vulearis, Blennius pholis, Lophius 
piscatorius, and Sxlmo salar The researches were made on 
fresh ovaries and on spirit specimens. Most of those reserved 
for section-cutting were previously treated either with picro- 
sulphuric or weak chromic acid. Special attention was paid to 
the structural changes in the growing nucleus. The origin of 
the follicular layer surrounding the egg, as well as the origin 
and development of the yolk, will be dealt with ina paper to 
be published shortly. Considerable advancement has been made 
in the study of the development of the common mussel by Mr. 
John Wilson. Some of the very early larvee are described in 
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the report of last year, along with an account of the artificial 
methods employed. This year embryos were developed for 
forty days in vessels suitable for microscopic manipulation. 
Normal growth continued during the first fourteen days. At 
the end of this period the largest embryos had shell-valves 
‘128 mm. in length. They are transparent and almost semi- 
circular, the dorsal (hinge-) line being nearly straight. The 
powerful velum could be wholly withdrawn within the valves. 
The alimentary system was conspicuously developed. In the 
beginning of June great numbers of young mussels were found 
swimming actively on the very surface of the sea close to the shore, 
and measuring ‘134 mm. They differed from the most advanced 
of those artificially reared only in their being more robust, the 
stage reached being the same in both. At various periods some- 
what later in the season many older, though still microscopic, 
mussels were captured with the tow-net in St. Andrews Bay 
from the shore seaward for 4 miles. Besides the careful study 
of their development, Mr. Wilson has also been engaged with 
the histology of the mussel (especially that of the generative 
organs) at various stages, up to the adult condition. The Com- 
mittee beg to recommend a renewal of the grant (100/.) for the 
ensuing year. 

Report of the Committee, cons'sting of Prof. McKendrick, 
Prof. Struthers, Prof. Young, Prof. McIntosh, Prof. Alleyne 
Nicholson, Prof. Cossar Ewart, and Mr. ohn Murray (Secre- 
tary), appointed for the Purpose of Prometing the Establishment 
of « Marine Biological Station at Granton, Scotland.—The Com- 
mittee report that the sum of 75/., placed at their disposal, has 
been used to aid in defraying the expenses of carrying on the 
work of the Scottish Marine Station at Granton. Two reports 
on the work of the institution during the past year are given 
below ; they have been sent in to the Secretary by Mr. J. T. 
Cunningham, the Superintendent, who has charge of the zoo- 
logical investigations; and Dr. Hugh Robert Mill, who is 
responsible for the physical work :— 

The biological work of the Station falls into three prin- 
cipal divisions: (1) Embryology and morphology ; (2) faun- 
ology; (3) the accommodation of students and investiga- 
tors. (1) Efforts to elucidate some facts bearing on the 
reproduction and development of Myxine formed the prin- 
cipal part of the work under this head during the autumn and 
winter. In the summer the aquarium had been arranged, and a 
large tank was specially devoted to the purpose of keeping 
specimens of the animal in confinement. After careful attention 
to the matter, it was found that the creatures refused entirely to 
feed while in captivity ; they lived several months, but no signs 
of reproductive activity appeared, with one exception noted’ 
below. It was then determined to continue the examination of — 
large numbers of specimens every month in the year in order to 
find if the ova were shed at any limited season. As almost no- 
thing accurate was known on the whole subject, the first problem 
was to obtain ripe males and females. In November the testis 
in its immature condition was recognised, and it was subse- 
quently found that with few exceptions all very immature speci- | 
mens were hermaphrodite, containing immature testicular tissue 
at the posterior end of the generative organ. Microscopic 
examination of the largest ova obtained showed that the well- 
known polar threads belonged to the vitelline membrane, and 
were developed in tubular depressions of the follicular epi-— 
thelium. In December, January, February, and March, females 
were obtained which had just discharged their ova, the collapsed 
capsules, still quite large, being present in the ovary. At the 
end of January two females were obtained in which the polar 
threads were so far developed as to form projections at 
the ends of the inclosing follicle. One specimen with eggs 
in this condition was taken from the aquarium. No per- 
fectly ripe ova were ever obtained. In February moving 
spermatozoa were discovered in hermaphrodite specimens, 
but the total quantity of milt present was quite imsigni- 
ficant. ‘The greater number of the specimens examined were 
obtained from fishermen’s lines baited for haddock ; some were 
taken by baited traps. In March dredging was carried on off 
St. Abb’s Head, with a view to obtain deposited fertilised eggs — 
of Myxine, but none were found. It has thus been shown that 
Myxine deposits its eggs in the months of December to March, 
and that the females are taken on the hook immediately after 
the eggs have been shed. But no method has been discovered 
of obtaining adults in the ripe condition, or of obtaining the 
fertilised ova andembryos, The research and its results are de- 
scribed ina paper in the Proceedings of the Royal Society of Edin- 
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burgh, and more fully in a paper which will appear in the next 
number of the Quarterly Fournal of Mizros:opical Science. At the 
beginning of the present year the systematic examination of the 
ova of all species of fish which could be obtained was com- 
menced. The pelagic ova of the cod, haddock, whiting, and 
gurnard had been examined in the previous spring, and those of 
a large number of additional species have now been figured and 
described at successive stages of development. The results of 
this work are now being published in full by the Royal Society 
of Edinburgh, and will appear as a memoir in the Society’s 
Transactions. (2) The faunological investigations have been 
carried on as time permitted since the opening of the Station, 
and have, since June last, been receiving particular attention. 
A Report on the Chzelopoda, in the preparation of which Mr, 
G. A. Ramage is giving his assistance, will appear in the 
coming autumn ; a Report on the Sponges is being prepared by 
Mr. J. Arthur Thomson; and miscellaneous notes on other 
classes will be incorporated with these special Reports. (3) 
The following is a list of those who have carried on studies at 
the Station :— 

Nane | Began | Left Subjects 

1885. Dr. Kelso, Edinburgh C6 | Aug. Sept. 26 Teleostean ova 
And. D. Sloan, Edinburgh | Aug. 8 April 1886 | Ccelenterates 
A. H.W. Macd_nald, E-in- | 

oieite teas coo or. eee ee || MOL Noy. 1885 | General 
G. L, Gulland, Edinburgh | Oct. 6 Nov. 1885 | Crustacea 

1886. G. A. Ramage, Edinburgh | Ju e3 — Chzelopoda, &c. 
M, M. Kay, Edinburgh ... | July 24 | — General 
Miss Macomish, London... | Aug. 2 | | Mollusca 
J. Arthur Thomson, Edin- | | 
[Sie Go cs cos oop | pee) _— Sponges, &c. 

The yacht is kept up in the same condition as at the opening of 
the Station, and the number of men is unaltered. The ark at 
Millport is again in use this summer, and is in the charge of Mr. 
David Robertson. Mr. Cunningham worked there for one 
week in June, having found at Millport a particularly favourable 
opportunity for the study of Teleostean ova. Many other 
naturalists have taken part in the AZedusx’s dredgings in the 
Clyde district during the present summer. The services of Alex. 
Turbyne, the keeper of the Station, in making excursions in 
trawlers to procure fish ova, have been most valuable. All 
those interested in the Station are greatly indebted to Mr. 
Robert Irvine, of Royston, for the friendly assistance which he 
has always been ready to afford on every occasion. Preserved 
specimens of marine animals and plants are still sent out to 
applicants, and some attention is being paid to the question of 
oyster-cultivation in the Firth of Forth. 

J. T. CunnincHaM, B.A., F.R.S.E. 

Physical marine research has, from the commencement, formed 
one of the distinctive features of the Scottish Marine Station. 
During last year work has been carried onin this direction by Dr. 
H. R. Mill and Mr. J. T. Morrison ; other gentlemen have occa- 
sionally made use of the facilities of the Station. Regular 
meteorological observations are continued twice daily, and in- 
clude the temperature at surface and bottom of the water. An 
elaborate set of experiments with Mr. John Aitken’s new forms 
of thermometer-screen were completed last year by Mr. H. N. 
Dickson, who has discussed the results in connection with 
those obtained by him with the same apparatus on Ben 
Nevis. Experiments with various anemometers are still in 
progress. Atmospheric dust is being collected on several 
islands in the Firth of Forth, by means of large funnels 
and carboys, which are periodically emptied and the con- 
tents forwarded to Mr. Murray for examination. Monthly 
trips along the Firth of Forth for the observation of tem- 
perature and salinity have taken place regularly from river 
to. sea; preliminary results have been communicated to the 
Royal Society of Edinburgh from time to time, and a complete 
discussion of salinity is nearly ready for publication. It shows 
remarkable relationships between salinity and configuration, 
which have suggested new definitions of the words *7ver, estuary, 
and firth. Special attention has been devoted to the relation of 
salinity and temperature to tide in the estuary of the Forth. 
Besides the observations of the scientific staff of the Station, 
thermometer readings are taken by volunteer observers at dif- 
ferent parts of the Forth river-system and in the adjacent parts 
of the North Sea. The A/edusa has made regular trips on the 
Clyde since April last at intervals of two months. Temperature 

and salinity observations are made in all parts of the estuary and 
firth from Dumbarton to the North Channel, and in all the 
connected lochs. These trips have yielded results of great 
interest and novelty. They are communicated in several papers 
to various Sections of the present meeting. The temperature of 
two deep fresh-water lakes—Loch Lomond and Loch Katrine— 
has been observed at all depths once a month since November 
1885, in continuation of Mr. J. Y. Buchanan’s work. Daily 
temperature observations have been established on a number of 
rivers and at several points on some. The Station has charge 
of observations on the Thurso, in the north of Scotland, the 
Forth and Teith, and the Tweed; and it has also been the 
means of inducing independent observers to undertake similar 
work on the Tummel (a tributary of the Tay), the Tay, and 
the Derwent, in Cumberland. These are all salmon rivers, 
and the observers being interested in fishing have already 
succeeded in showing some connection between temperature 
and the movements of salmon. In consequence of experi- 
ence gained in physical marine investigations the apparatus 
used for the purpose has been progressively modified and 
improved—the Scottish thermometer-frame and water-bottle 
may be pointed to as special instances. The Station has, since 
September 1885, been able to advise and assist several public 
bodies in starting observations of temperature and salinity, the 
National Fish Culture Association of England, the Dundee 
Harbour Trust, and the Fishery Board for Scotland being 
amongst the number. Thermometers have been lent to several 
naturalists for use on short scientific voyages. The collection of 
all existing records of sea and river temperature round the coast 
of Scotland is proceeding, and promises, when completed, to be 
of great value in showing the different sea-climates of the east 
and west coasts—a question of much importance in relation to 
the distribution of marine species. 

HuGH RoBeErT MILL, D.Sc., F.R.S.E. 

Report upon the Depth of Permanently Frozen Soil in the Polar 
Regions, its Geographical Limits and Relations to the Present 
Poles of Gr.atest Cold, by a Committee consisting of Lieut.-General 
be Walker, (C2Biy Eile Ses GEL L StIie fouelha LEILOP, 
(Reporter), Prof. Sir W. Thomson, Mr. Alex. Buchan, Mr. 
F. Y. Buchanan, Mr. Fohn Murray, Dr. F. Rae, Mr. H. W. 
Bates (Secretary), Capt. W. F. Dawson, R.A., Dr. A. Selwyn, 
and Prof. C. Carpmael.—The inquiry referred to the Committee 
necessitated reference to residents in many distant regions, and 
time must elapse befure any large harvest of observations can 
be hoped for ; nevertheless, the Committee are in a position to 
quote several valuable communications, especially one from 
Mr. Andrew Flett, adding materially to what was previously 
known on the subject of the extension of permanently frozen 
soil, or ground ice, in America. It will be convenient to arrange 
the data now available, in their order of latitude. 

1. Lat. 71° 18’ N., long. 156° 24’ W.—At the wintering 
station of the United States Expedition of 1881-82, under Lieut. 
P. H. Ray, United States America, that officer found the 
temperature of the soil 12° F, at 28 feet from the surface, and 
the same at 38 feet. 

2. Lat. 68° N., long. 135° W.—At Fort Macpherson, on 
Peel River, Mr. Andrew Flett, who passed twelve years there, 
reports :—‘‘ The greatest depth of thawed-out earth I came 
across round that post was 34 feet, October 10, 1865. The 
greatest depth of frozen ground was 52 feet 3 inches, Sep- 
tember 27, 1867, near the mouth of Peel River. The bank had 
fallen in ; at the bottom the perpendicular cliff, which I tried 
with a boat pole, was frozen as hard as a rock. A black sandy 
soil. The surface was not above two feet thawed-out. The 
cliff was measured with the tracking line.” This account leaves 
it doubtful whether the frost may not have entered the soil from 
the face of the cliff. On the other hand it is evident that it 
extended to a greater depth from the surface than was measured. 

3. Lat. 67°N., long. 142° W., on the Youcon.—The same 
gentleman writes:—‘‘I spent twelve years on the Pelly or 
Youcon River, on the west side of the Rocky Mountains. Round 
old Fort Youcon ground ice is found at 6 feet ; this I have seen 
in the river banks in September where they had caved in ; but 
no particular notice has been taken as far as I know by any one, 
unless it be Chief Factor Kobert Campbell, now residing in: 
Merchiston, Strathclair, P.O., Manitoba.” 

4. Lat. 65° N., long. 120° W., on the Mackenzie River, about 
ten miles above the mouth of Bear River.—The same gentleman 
writes: —‘‘ I have seen many landslips on the Mackenzie, which 



486 NATURE 

more frequently takes place in_ rainy weather—July, August, 
and sometimes September: but I never examined them particu- 
larly excepting one, which we came near being buried by in 
camp. This was about August 15, 1876. By a pole, I found 
the bottom of the slide frozen hard, a grey clay and gravel mixed, 
from where the earth broke off was not over 6 feet. The surface 
soil sandy. Some way back from the river bank the country is 
muskeg more or less, and by removing the moss by hand we came 
to hard frozen ground in August.” The sentence printed in 
italic is somewhat ambiguous. It is understood to mean that 
the bank was not much more than 6 feet high, and was hard 
frozen at that depth ; the depth to which the frost extended is 

therefore unknown. 
5. Lat. 64° 20’ N., long. 124° 15’ W., on Mackenzie River. 

—The face of acliff from which a recent land-slide had occurred, 
was measured by the present reporter in June 1844. The soil 
was frozen to a depth of 45 feet from the surface. (See ‘‘ Magnetic 
Survey,” p. 161.) 

6. Lat. 62° 39’ N., long. 115° 44’ W., at Fort Rae, on Great 
Slave |ake.—Capt. Dawson, R.A., observed the temperature 
of the soil monthly at his station of circumpolar observation, 
1882-83. The following table contains his results in degrees 
Fahr. :— 

Months 1 Foot 2 Feet 3 Feet 4 Feet 
1882 ms A 2 5 

September 40°6 37°9 30°1 34°5 
October... 32°5 32°7 32°5 32°53 
November 239 291 30°9 313 
December 15'8 24°6 28'8 30'S 

1883 

January O53) | esLOA9 PASE Te 28°5 
February Te Sen eee! 24°5 26°3 
March 9°5 20°8 22°7 24°8 
April TSO) eae e2he2 24°3 253 
May 24-0) eat) 3280 338 30°5 

June 43°5 36°5 32°4 315 
July 48:0 410 370 34°5 
August ... 47°3 41°9 38°5 36°5 

The mean temperature of the air at 5 feet 10 inches above the 
surface, in the same months, was as follows :— 

1882 1883 

September ... 44°40 | February ... ... ...— 10°41 
October... 32°59 | March ee = TR 
November ... 9°30 | April ... 19°30 
December ... ...- 15°20 | May 36°30 

| June 51°49 

1883 | July Orit 
January... ...— 26°80 | August 56'50 

We learn from this table that the soil is frozen at a depth of 
4 feet from November to June inclusive, and is at the lowest 
temperature at that depth in March. It further shows that, like 
the waters of the Scottish lakes, as proved by the observations 
of Mr. J. Y. Buchanan and Mr. J, F. Morrison in Loch Lomond 
and Loch Katrine last winter, the mean temperature of the soil 
reaches its minimum about the time of the vernal equinox. The 
rise of earth-temperature in February above that recorded in 
either January or March is remarkable. It does not appear, 
from the conversence of the lines when projected, that temper- 
atures below 32° F. extend lower than 11 or 12 feet. Capt. 
Dawson writes :—‘‘ There are two reasons why these earth- 
temperatures are above what is probably the average in that 
latitude. (1) The ground had a slope of 1/16 to the south-west ; 
and (2) it was fully exposed to the rays of the sun; now, in 
most places, the ground is either covered with thick moss or 
shaded by brushwood, and its surface-temperature on the hottest 
day is not likely to exceed 70° F., whereas earth exposed to the 
rays of the sun may easily reach a temperature of 120° F.” 
Fort Rae is situated on a long arm or inlet of Great Slave, 
having a depth of Io or 12 feet of water. 

7. Lat. 62°, long. 129° go’, Jakutsk, Siberia.—The great 
depth of permanently frozen soil in this part of the valley of the 
Lena has long been well known; but the following extract, 
translated from a recent paper by Dr. Alex. Woeikof, of St. 
Petersburg, entitled ‘Klima von Ost-Siberien,” contains in- 
formation on the influence of local conditions which will make 
it of value to observers, and we therefore reproduce it. 
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“‘ The further north,” he remarks, ‘‘the longer is the duration — 
of cold in valleys in comparison with that on higher ground. 
The effect extends to a part of autumn and spring, and is obsery- 
able in the mean temperature of the year.” 
ane following observations of earth - temperatures are a 

proof :— 
At Depth Limit of 

20 ft. soft. 300ft. 38rft. Frozen Soil 
Jakutsk * 13°°6 17 ‘I 250 26°°6 Fahr. 620 feet. 
Mangan mine . 22 "1 25°'2 “00 269 ,, 
Schelou mine 22° 25°7 298 ,, 

Thus, on heights in the vicinity of Jakutsk (these are heights 
on the left bank of the Lena, near Jakutsk) the earth tempera- 
ture is from 8°*1 to 8° 6 F. higher than it is in the town and 
valley at the same depth, and it is even lower at 300 feet in the 
former than at 50 feet in the latter locality. The total depth of 
frozen soil is, according to Mittendorf (‘‘ Sibirische Reise,” 
Bd. i.) more than twice as great in the valley as it is on the 
heights : and observe that these lesser heights are in winter 
relatively colder than higher isolated mountains. Mittendorf 
also states that no frozen soil was found at 60 metres above the 
level of the river at the mouth of the Maja, in Aldan, but that 
it was found four miles and a quarter up the stream at three 
metres above the level of the river, and that about 28 miles 
further, in the mountains, there is a deep hollow from which 
aqueous vapour is constantly rising. 

Kuppfer asserts that in Bergrivier Nertschinsk, in the Trech 
Swijatitilei mine, frozen soil was found at a depth of 174 feet, 
but that in Wossdwischenst mine, which lies 230 feet higher, 
the frozen soil ceased at 50 feet. Even in Altai it is acknow- 
ledged that many valleys are colder than the neighbouring 
heights. 

Dr. Woeikof sums up a number of observations in the following 
sentences, which apply to the greater part of East Siberia, but 
more particularly to the north-east portion. 

(1) As the greater cold coincides with calms and light winds, 
the valleys and lower grounds are colder than the heights. ’ 

(2) The temperature of isolated mountains is relatively higher 
than that of lesser elevations. 

(3) The lowering of temperature in the valleys is so lasting 
and considerable that the mean of the year is also lowered, as 
is proved by the observations of earth-temperature. 

(4) The depth of the frozen soil is greater in valleys than on 
the neighbouring heights, probably also than it is on the higher 
mountains. 

(5) In the tundras of the far north (answering to the barren 
grounds and muskegs of the North-West Territory of Canada), 
the winter is warmer than in the valleys of the forest-zone. 
Probably because the stronger currents of the air do not permit 
the cold stratum to remain so long stagnant. 

8. Lat. 61° 51’, long. 125° 25’, Fort Simpson, on Mackenzie 
River.—The summer’s heat was found in October 1837 to have 
thawed the soil to a depth of 11 feet, below which was 6 feet of 
ground ice (Richardson), making the depth of descent of the 
frost 17 feet. The result is anomalous; at other posts in the 
same region the summer thaw is much more superficial. Thus, 
it will be observed above, that in the month of October, at Fort 
Rae, the soil was at a nearly uniform temperature, but slightly 
above the freezing-point, from the depth of 1 foot to 4 feet. 
Franklin found a summer thaw of only 22 inches at Great Bear 
Lake, and the writer was informed that it was only 14 inches at 
Fort Norman (lat. 64° 41). Fort Simpson is situated on an 
island of deep alluvial soil, bearing timber of large size, and 
possessing an exceptional climate. 

g. Lat. 57°, long. 92° 26’, York Factory, Hudson’s Bay.— 
Sir J. Richardson has stated that the soil was found frozen to a 
depth of 19 feet 10 inches in October 1835, the surface being 
thawed to a depth of 2 feet 4 inches. 

to. Lat. 55° 57’, long. 107° 24’, Lake a la Crosse.—It is 
stated that no frozen soil was found in sinking a pit to a depth 
of 25 feet in 1837, and that the earth was only frozen to a depth 
of 3 feet in the winter of 1841. Both records are anomalous, 
and call for verification. 

11. Lat. 53° 40’, long. 113° 35’, at Prince Albert, on the 
Saskatchawan.—Mr. W. E. Traill, who was in charge of this 
post in 1872, reports that a settler in the neighbourhood came 
to frozen ground at a depth of 17 feet, but did not learn whether 
they passed through the frozen strata, or, if such was the case, 

tM. Schergin’s shaft. 
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what was the thickness of it. The same gentleman, writing 
from Lesser Slave Lake (lat. 55° 33’), remarks that he has never 
come across any indication of perpetual ice during the twenty- 
two years he has passed in the North-West Territory. 

12. Mr. Andrew Flett, writing from Prince Albert, April 21, 
1886, says :—‘‘ Hundreds of wells have been sunk in this settle- 
ment ; one I had sunk myself, beginning of July 1881, 27 feet deep 
—saw no frozen earth. As far as I have noticed on this prairie 
land, when there is a good fall of snow when the winter sets in, 
the frost does not penetrate so deep as when there is no snow 
till late, and in some years very light snow. I had a pit opened 
on the 9th inst. (April) ; the surface was thawed 3 inches; we 
got through the frozen earth at 4 feet 7 inches. On the 11th 
inst. I saw a grave dug in the churchyard at Emmanuel Col- 
lege, one mile from my place, 5 feet deep, and had not got 
through the frost. My place is on higher ground, loam soil.” 

13. Mr. W. Ramsay, settled on the South Saskatchawan, 
thirty-five miles from here, sunk a well 40 feet, May 27, 1884— 
no frost. 

14. Mr. Jos. Finlayson, three miles from here, sunk 
beginning of July 1882, 46 feet. He saw no frost. 

15. Mr. J. D. Mackay, on the same section as the 
sunk a well 27 feet, July 15, 1884, found particles of frozen earth 
at 7 feet deep. 

16. Mr. W. C. Mackay, my next neighbour half a mile west 
of this, sunk a well about June 20, 1884, found particles of 
frozen earth at 54 feet. 

17. Lat. 53° 32’, long. 113° 30’, Fort Edmonton, on the 
Saskatchawan, 2400 feet above the sea.—Dr. James Hector, on 
March 5, 1858, found the soil frozen to a depth of 7 feet 6 inches 
(Fournal R. G. S. vol. xxx. p. 277). 

18. Lat. 51° 14’, long. 102° 24’.—At Yorkton, Mr. J Riaman, 
when digging a well last summer (1885), found the frost at a 
depth of 19 and 20 feet, and continuing for a depth of 30 inches. 
In this case, therefore, the total depth to which frost descended 
was about 22 feet. Mr. J. Tarbotton, of Yorkton, in communi- 
cating the last observation, remarks :—‘‘ The depth to which frost 
penetrates during the winter, varies, I find, with the character 
of the winter itself and with the nature of the locality. I made 
observations in an open unprotected spot, where there was little 
or no snow, and found frost to the depth of 5 feet 9 inches. 
This occurred last July, and the frost was then about 2 feet deep 
(z.e. had descended to 7 feet 9 inches). But in the bluffs near 
my house, I dug a cellar, at the same time, going down between 
8 and 9 feet, encountering no frost at all. 

““This year, however, when digging another well in April, in 
almost the same place, I encouutered frost at 2 feet, and the 
ground continued solid until I had gone down from 43 to 5 feet 
from the surface. From this, and from the information I obtained 
from others, I am safe in saying that the frost penetrates here 
on an average 5 feet, except when we have had a great depth 
of snow in the beginning of winter, in which case it does not 
penetrate nearly so far. The bluffs referred to are groves of 
poplar from 3 to 6 inches in diameter, on the edge of an open 
plain. 

Prof. Charles Carpmael, Director of the Meteorological Ser- 
vice of Canada, to whom most of the above reports were 
addressed, remarks :—‘‘ We can easily imagine that at a depth of 
17 feet at Prince Albert, there might be no frost at all in winter, 
but owing to the slow travelling downward of the wave of cold, 
it might have reached a depth of 17 feet in the early summer. 

“Tt is easily seen that the annual mean temperature of the air 

a well 

might be considerably below the freezing-point without the 
occurrence of permanently frozen soil, for in winter the soil is 
often covered deep in snow, so that the temperature of the soil 
might be but little below 32°, although the temperature of the air 
were 30 or 40 F. below zero. Again, the heat which had 
entered the soil in summer would only be remoyed by slow con- 
duction, whereas the summer heat would not only travel down- 
wards by conduction, but be carried into the soil by percolation 
of the warm water through the surface.” 

19. Lat. 50° 30’, long. 103° 30’, the Bell farm, near Indian 
Head.—Frozen soil is said to have been met with in the summer 
of 1884 at a depth of 124 feet ; details are wanting. 

20. Lat. 49° 53’, long. 97° 15’, city of Winnipeg and the 
neighbourhood.—Mr. Ch. N. Bell reports that frozen soil has 
been found as under in various cemeteries. 

Brookside Cemetery on the open prairie close to the city, 
soil rich black loam, varying in depth from 1 to 2 feet, subsoil 

_ heavy grey clay. 
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On the Higher On the 
Ground Lower Ground 
Ft. In; Ft In. 

December 23, 1884 Frozen to 0 10 7 9) 
January 3, 1885 ... ... i 1G) 3050 
Marche21.)as5 wie eet I 4 3° 16 

May 6, 56) 5 eac 4 4 5 0 
June 25, 55 None down to 6 o 6 0 
January 14, 1886... ... ‘om 10 I 6 

A further communication of June 1, 1886, states that the 
frost only descended 3 feet 6 inches on the higher ground in the 
winter of 1885-86, and had at that date disappeared. It descended 
5 feet in the lower ground, but had almost disappeared. 

At. St. John’s Cemetery in the city, ‘‘ I am advised by the 
clergyman,” says Mr. Bell, ‘‘that frost has been found at from 
5 to 8 feet depth”; careful investigation will be made there this 
year. 

St. Boniface, a suburb of Winnipeg to the east.—The frost 
penetrates from 5 to 8 feet, according to the season, vary- 
ing locally under the conditions of the exposure, tillage, dryness, 
and heat or frost cracks. During the summer of 1885 frost was 
found at a depth of 5 feet, and down to 7 feet, when the 
work was stopped. ‘This was in July or early in August. The 
locality was probably exposed to the action of the sun. 

21. Lat. 49° to 493°, long., in the valley of the River Pembina 
to the extreme south of the North-West Territory.—Dr. Alfred 
Selwyn, Director of the Geological Survey of Canada, who has 
two sons settled in this region, states that those gentlemen have 
had several wells sunk, the deepest about 40 feet, and have never 
seen any permanently frozen ground. There is similar negative 
evidence from Brandon, a little further north, 

It would be premature to draw any general conclusions from 
the observations thus far collected. ‘There is want of proof of 
the existence of permanent ground ice beyond the district of 
Mackenzie River in the North-West, but frozen soil has been 
shown to exist at a depth of 17 feet at Fort Simpson, at 
Prince Albert, and at Yorkton, and it may be questioned whether 
the wave of summer heat has time to descend to such a depth 
before it is overtaken by the refrigerating influence of the early 
winter. It certainly exists also in the neighbourhood of Hudson’s 
Bay, on the eastern side, and it is evident that under favourable 
conditions frost, without being permanent, may in some cases 
last in the soil all the year round over a wide area, and in other 
years disappear. 

At whatever level we locate the maximum of absorbed heat, 
it must be remembered that when the winter sets in, and freezes 
the surface, which it does rapidly to the depth of a foot or two, 
the heat will then be abstracted in both directions, and its rate of 
descent checked. 

Report of the Committee, consisting of Sir Foseph D. Hooker, 
Six George Nares, Mr. Fohn Murray, General F. T. Walker, 
Admiral Sir Leopold McClintock, Dr. W. B. Carpenter, Mr. 
Clements Markham, and Admiral Sir Erasmus Ommanney 
(Secretary), appointed for the Purpose of Drawing Attention to the 
Desirability of Further Research inthe Antarctic Regions.—Y our 
Committee, after having given full consideration to the great 
importance of effecting a further exploration of the Antarctic 
Polar Sea, desire, in the first place, to express their opinion that 
it would be most essential, before approaching Her Majesty's 
Government with the view of urging the expediency of equip- 
ping such a naval expedition as would be required for the carry- 
ing out an exploration of such magnitude, interest, and import- 
ance, that the requirements for its success and a plan of 
operations should be most carefully considered, and the results 
embodied in a written form for the approval of the Council of 
the Association and for the information of the Government. 
Furthermore, in order to obtain the co-operation which the 
matter requires from eminent men in science, your Committee 
feel it necessary for their body being enlarged by the addition of 
influential members of the Association, and of other bodies 
representing the various branches of science interested in the 
investigation of this comparatively unknown region, and espe- 
cially of the Royal Geographical Society. Your Committee 
have to point out that our knowledge of the South Polar region 
is chiefly confined to the grand discoveries effected by that cele- 
brated expedition under the command of Capt. Sir James C. 
Ross, conducted between the years 1839 and 1843 with sailing- 
ships. Since that period the facilities for effecting a more com- 
plete research have been greatly augmented by the application 
of steam propulsion to vessels better adapted for ice-navigation. 
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This has been proved by continuous experience in the Arctic 
s eas during the late half-century. For the above reasons your 
Committee deem it desirable to defer making their report, with 
a view to giving more definition to the objects sought to be 
© btained and to the best means of obtaining them, as also to 
ex pand this Committee, in order to elicit to the fullest extent 
the opinions and to secure support from those conversant with 
the various branches of science which are to be investigated 
during an exploration which, from its very important and serious 
nature, eminently merits the favourable consideration of this 
great and enterprising maritime nation. 

NOTES 

THE 59th annual meeting of the Association of German Natu- 

ralists and Physicians will take place at Berlin from the 18th to the 

24th inst. General meetings will be held on the 18th, 22nd, and 

24th, the sections, of which there are thirty, meeting at other 

times when and where they wish in the various places offered 

them for that purpose. At the same time there will be an 
exhibition of scientific apparatus, instruments, and educational 

objects. On the morning of each day a journal will be issued 

containing information of interest to members, and as much as 

possible of the proceedings at the various meetings of the pre- 

ceding day. The Physical Section is under the Presidency of 
Dr. von Helmholtz and Dr. Kirchhoff. Amongst the papers to 

be read are the following:—The microscope as an aid to 

physical investigation, by Dr. Lehmann; the determination of 
the electro-chemical equivalents of silver, by Dr. Kopsel ; elec- 
trical discharges, by Dr. Goldstein; on Palmieri’s investigations 
into the development of electricity in the condensation of steam, 

by Dr. Kalischer. The Presidents of the Chemical Section are 

Drs. Hoffmann and Landolt. In this Section there will be 
papers on silver oxydul, by Herr von der Pforten ; a new syn- 

thesis of naphthaline derivatives, by Dr. Erdmann; and on a 

peculiar phenomenon of reaction, by Herr Lie»reich. In the 

Botanical Section there will be prpers on Goethe’s influence on 
botany, and on the reception of water by the external organs of 
plants. In the Zoological Section papers will be read on dual 
eyes in insects, on the origin of the frontal ganglion in Hydro- 
philus, on freshwater Bryozoa, the Protozoa of Kiel Bay, on the 

boundaries of zoo-geographical regions from the point of view of 

ornithology, the fauna of North German lakes, and on the old 

Peruvian domestic dog. In the Section for Geography and 
Ethnology there will be several papers on Africa, especially on 

the Congo region ; one on the Kurds, others on South Polar ex 

ploration, on the Goajira Indians, and on the importance of the 

Xingu forthe ethnology of the northern part of South America. 

A great majority of the sections are occupied with medical sub- 
jects. One of these will be devoted to the discussion of 

the condition of Europeans in aifferent climates, their diseases, 

acclimatisation, &c. The last section of all is devoted to scientific 

education. 

Str Henry Roscoe has given notice that in the next session 

of Parliament he will call attention to the Report of the Depart- 

mental Committee on the National Science Collections, and 

will move a resolution. 

IN reply to a question by Sir John Lubbock in the House of 

Commons on the gth inst., the Chancellor of the Exchequer 

stated that the appointment of a Minister of Education, as 

recommended by the Committee of 1884, had not yet come 
under the notice of the Government, nor could he hold out any 

hope that it would be likely to come very soon under its notice. 

Lord Randolph Churchill said he suspected the proposal would 
involve an increased charge upon the public revenues, ‘‘and 
every alteration, reform, or modification of a department which 

would involve an increased charge possesses in my eyes an 
incurable defect.” 

EARTHQUAKES have continued at Charleston during the past 

week, but the shocks are decreasing greatly in frequency and 
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violence. One occurred on Saturday night and one on Sunday, 
but no harm was done by either. The Mexican Government 
has been officially informed that Tequisixtlan was shaken by an 
earthquake at 4.30 on the morning of September 3. The move- 

ment was from east to west. A Naples correspondent of the 
Times writes that the shock of the 28th ult. was severer than 
any which has been felt for some years. The panic was there- 

fore great, and was increased by superstition. There were two 
shocks—one was horizontal, the other vertical, but they followed 

each other in such rapid succession that they appeared to be one 

shock, and for many hours after the replica was expected with 

much apprehension. The shocks occurred about II p.m., and 

were felt severely at every place in the Bay of Naples, and in th 

Similar reports were received from Puglia, Calabria, and Sicily, 
where the shock was very severe. At Forio, in the Island of | 

Ischia, it was felt, and created a panic. Vesuvius has long been 

in a state of comparative repose. Prof. Palmieri says that at 
4 p-m. on the 28th it showed signs of renewed activity by 
frequent thunders, and by throwing masses of lava into the air. 

Mr. Ponp, the Government Analyst of New Zealand, has 
proved by actual experiment that the dust thrown out during 

the recent volcanic eruptions is of a highly fertilising kind. He 
obtained samples of the dust from three different places, and 
sowed a quantity of clover and grass seeds in each. The soil 
was kept moistened with distilled water, so that no manurial 
elements might be imparted by the water used. In all cases the 
growth was almost as vigorous as in rich volcanic soil. The 

rapid growth of the plants and their colour show that the dust is” 

a benefit to the soil on which it has fallen. 

THE programme for the autumn meeting of the Iron and 

Steel Institute, which is to be held in London on October 6, 7, 
and 8 next, has just been issued. The Council of the Institute 

has arranged to hold the meeting in London this year, for the 
second time in the history of the Society, with a view to afford- — 
ing Members the opportunity of studying the mineral resources, 

&c., of the colonies, as illustrated by what is shown at the Ex- 

hibition, and of coming into contact with colonists and Indians 

who are interested in mineralogical operations. That being so, 

perhaps the most interesting paper in the list is one on the iron- 

making re:ources of our colonies, prepared by Mr. Gilchrist 
(whose name is associated with the well-known basic process) 

and Mr. Edward Riley. Among other papers to be read there 

is one on the chemical composition and mechanical properties of 

chrome steel, by M. Brustlein; another on combustion: with 

special reference to its application in the arts, by Mr. F. Sie- 

mens ; another on the treatment of high-class tool steel, by Mr. 

A, Jacobs, of Sheffield; and one on modifications of Bessemer 

converters for several charges, by Mr. John Hardisty, of Derby. 

THE Paris Academy of Sciences has issued in separate form 
the text of the discourses pronounced at the Museum of Natural 
History on the occasion of M. Chevreul’s centenary, August 31, 
1886. The speakers were M. Fremy, Director of the Museum 3 

M. Jules Zeller, President of the Institute; M. Janssen, on 
behalf of the Academy of Sciences; M_ Broch, Corresponding 

Member of the Institute ; Colonel ike Mat, in the name of. the 

Washington National Institute; M. Ressmann, Italian Pleni- 

potentiary ; M. Gilbert Govi, President of the Neapolitan 

Academy of Sciences; M. de Bouteiller, on behalf of the Paris 

Municipal Council and the General Council of the Seine ; M. 
Chaumeton, President of the Association of French students; 

MM. Nadault de Buffon, Dehérain, Leroy, Auguste Vitu, | 

Gerspach, and Réné Goblet. The brochure is printed in uni- 
form size and type, with the weekly Comptes rendus of the 

Academy. 
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THE Paris newspapers have published a congratulatory com- 

munication from the Academy of Sciences in Berlin to M. 
Chevreul, from which the following is an extract :—‘‘ He who 

would form a complete idea of your so busily occupied life 
should follow the entire course of your creative activity, which 
has been directed to all departments of chemistry. He must 

follow all the innumerable detailed researches which have en- 
abled you to determine the nature of various minerals and of a 

large number of salts, as well as the composition of many 

organic matters. He should study your chemico-physiological 
works, by which you have made such great advances towards the 

knowledge of the most important secrets of the animal organism 

as well as your labours on the most varied questions of public 

hygiene. He ought to follow the excursions which enabled you 
to fix the laws of the contrasts among colours, and to class them 

_ systematically and scientifically. .He ought to study your lec- 

tures on the chemical principles of dyeing. He should finally 
imagine himself at the period when misty ideas of the most false 
and fantastic kind threatened to surround aad obscure the mind, 

and when, with the record of history in your hands, you dis- 
sipated the mists by making your countrymen recognise in the 

delusions of the past the errors of the present time. Having 
thus represented in all its extent the activity that you have shown 

throughout your long life, we hold that your name should be 

inscribed in one of the first places on the list of the great men 

who have carried the scientific glory of France to the extremities 

of the earth.” 

Tn a long communication to the Zimes of September 7 from 

its Correspondent with the Grenada Eclipse Expedition, it is 

stated that a botanical garden is in course of formation under Mr, 
_ Elliott, with a view to the development of the resources of the 

island. Mr. Elliott, the article goes on tostate, ‘ has made fre- 

quent excursions into the high woods for the latter purpose, and 
the results of his botanical exploration of the island, which will 
soon be made known, are very satisfactory, many valuable woods 

having been found. It is hoped by means of the botanic garden 
to encourage the planters of the Windward Islands to cultivate 
the minor products of this fertile region, and especially to im- 
prove their fruits by exhibiting the finest kinds in the gardens 

_ brought from other regions and giving information showing how 

itcan be done. No more healthy sign of the progress of the 
colony could be afforded than in the enterprise of the Colonial 

_ Government in establishing such a garden and the interest taken 
_ init by the planters of the island. So mich for applied botany. 

_ During the stay of the Expedition pure botany has been studied 
; _ with much success by Mr. George Murray, of the British Museum, 
_ the naturalist attached to the Expedition, who arrived a fortnight 
_ before the observers of the eclipse to gain the necessary time for 

finding good working grounds. His special mission is an inquiry 
into the life-history of certain marine A/ge called the Siphonee. 

_ The forms of this group are well enough known to European 
~ botanists, but the development and life-phenomena of most of 

the genera composing it have not yet been investigated. He 
_ has been greatly gratified to find an abundant supply of material 

_ for his special research, though the island is poor in A/gi2 owing 
to the small rise and fall of the tide, which exceeds a foot only 

_ at spring tides. The operation of examining this material is 

r5 conducted in a well lighted and very convenient room set apart 
_ for the purpose by His Excellency the Governor, who has in this 

instance, too, shown the greatest sympathy with the object of 
= work, and an unfailing helpfulness towards its accomplish- 
ment. So far as the examination of the material collected has 
Beene, it promises to yield an answer to the question of the nature 
of the reproduction and development of the types investigated, 

but whether the information will result in fixing definitely the 

‘Position of the Si/honee as a group or in the breaking up of the 
_ group and the incorporation of certain genera into other orders, 
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already better known, cinnot, of course, yet be determined. 

The Jand and marine fauna are also engaging Mr. Murray’s 
attention to the extent of collecting these, and the reptiles and 

small mammals have in this department of work been kept par- 

ticularly in view.” 

Mr. JoHN TAYLOR, a pupil of Dr. Marshall Ward, who went 

out some time ago as botanist to the Bahamas Government, is 

evidently pursuing his work under difficulties. While he and 

his companions were on shore at Acklin Island, 30 miles from 

Long Cay, on August 13, the cook, a Haytian, who was left in 

sole charge of the vessel, made off with it under cover of dark- 
ness, and up to the rgth no trace of ship or cook was found. Mr. 

Gardiner had on board nearly all his scientific books, and all 

the instruments, &c., necessary for a month’s good work. He 
lost everything of that kind he had, including his Zeiss micro- 

scope ; besides all his manuscript scientific diary, and list of the 
Bahamas flora, not to mention a sum of money, bedding, &c. 
His total loss he estimates at 75/.; we are sure the Bahamas 

Government will not allow Mr. Gardiner to sustain a loss which 

to him must be serious. 

THE translation of an English botanical book into German is 
so much a reversal of the p»esent fashion that it is of some interest 
to know that a translation of Dr. Maxwell Masters’ ‘‘ Vegetable 

Teratology” has been made by Mr. Udo Dammer, and pub- 
lished by Haessel of Leipzig. Many additional notes have been 
added by various German and Italian botanists, as well as by 

Dr. Masters, and some additional woodcuts provided. 

THE celebrated waterfall of Teverone, which Horace calls 

“pre-eps Anio,” has been employed to put in operation two 

dynamos of too horse-power for the illumination of the city of 

Tivoli. Others are being fitted up. The motive power, which 

is to be utilised by a company from the designs of M. Cantoni, 
is equivalent to several thousand horses. ‘The illumination of 
Rome is contemplated, as well as the distribution of force to a 
distance from the station. The excavations and canals are con- 

ducted under the house of Mecenas, which is described as 

situated at wm Tibur, now Tivoli. 

Two more of the Paris theatres are now illuminated by incan- 

descent light—the Palais Royal by Edison, and the Variétés by 
Woodhouse. With the Opera and the Eden Theatre this 

brings the number up to four. Every evening the Industrial 
Exhibition at the Palais des Champs Elysées is lighted also by 

electricity. 

WE have received a copy of a paper read by Mr. H. C. 

Russell before the Royal Society of New South Wales, on 
“Local Variations and Vibrations of the Earth’s Surface,” in 

which he records his own experiences on this subject in the hope 
that other astronomers will do the same, and thus by united 
action assist in the work of tracing these vibrations and changes. 

Mr, Russell’s observations took place at Lake George, and were 
made chiefly by means of an automatic recorder of the height of 

the water in the lake. Although the instrument used has not 

the extreme sensitiveness to minute vibrations which Mr. 

Darwin’s reflecting mirror and similar instruments have, yet it 
was so placed that all such changes became magnified by the 

relatively enormous extent over which it extends its sensitive 
part, if this expression may be used ; for any change in gravity, 

or the direction of the vertical, is not seen as it affects the base 

of a small instrument a few feet square, but as it affects a surface 

20 miles long and 5 to 6 miles wide. Barometric and wind 
changes, too, so difficult to see in other instruments, at once 

became evident here’ by their effects on such a large body of 
water, and the lake-gauge for these reasons is not only capable 
of showing changes quite as minute as the Cambridge pendulum 

apparatus, but also of keeping a perfectly satisfactory record of 
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these changes, so written that many, if not all, the causes can 

be traced in the curves which they produce. Various tables and 

diagrams are appended to the paper. 

CoLoneL GILDER has started from Winnipeg on his expedi- 
tion to the Arctic regions, with the object of reaching the North 

Pole. 

THE deaths are announced of M. Paul Soleillet, the explorer 

of Shoa in North-East Africa, and of Herr Robert Flegel, the 

explorer of the Niger and Binue. 

TuE celebrated traveller and botanist, Dr. Schweinfurth, 

lectured recently at Berlin on the Kew Botanical Gardens, which 
he characterised as the finest in the world. Kew, he said, is 

the Botanical Foreign Office for all nations, for it is the centre 

of all botanical news from all parts of the world. 

WE have received ‘‘ An Account of the Progress of Astro- 

nomy in the Year 1885,” compiled for the Smithsonian Institu- 
tion by Prof. W. C. Winlock. The investigations reviewed 

comprise (among others) Prof. Pritchard’s photometric researches 

as consigned in the Oxford ‘* Uranometria,” M. Duner’s cata- 
logue of stellar spectra of the third type, Drs. Gill and Elkin’s 

determination of southern star-parallaxes, Prof. Bakhuysen’s of 

the rotation-period of Mars, Prof. de Ball’s of the nutation con- 

stant, Prof. Peters’ of the orbit of 61 Cygni, and Prof. Langley’s 
inquiries into the temperature of the moon’s surface. M. Faye’s 

theory of the origin of the solar system, with Prof. G. H. 
Darwin’s criticisms upon it in NATURE, are prominently dealt 

with. We hear with pleasure of the progress towards com- 

pletion of Prof. Rowland’s photographic map of the normal 

solar spectrum. The amount of detail contained in it may be 

judged of from the one fact that 120 lines are visible between 

H and K, the original negatives showing 150. The most striking 

astronomical events of the year, z.e. the outburst of new stars in 

Andromeda and Orion, the photographic discovery of a nebula 

in the Pleiades, and the meteoric shower of November 27, are 

chronicled in due and interesting detail. Seven comets were 

observed in 1885, of which five were seen for the first time, the 

others being expected returns of Encke’s and Tuttle’s. Nine 
minor planets were discovered. The Report concludes with a 

useful bibliography of astronomical works published in 1885. 

In March, 1884, Prof. Holden offered to observe at the 

Washburn Observatory the 303 fundamental stars for the 

southern zones of the ‘‘ Astronomische Gesellschaft.” The offer 

was accepted ; the work was begun May 2, 1884, and finished 
December 25, 1885. The results are contained in vol. iv. of the 

‘* Publications of the Washburn Observatory,” now before us. 
When Prof. Holden was appointed to the Lick Observatory in 

October 1885, 468 observations were still wanting to complete 

the series. These were very creditably supplied, before the end 
of the year, by his assistants, Mr. Updegraff and Miss Lamb. 
In all, 6444 observations were made with the Repsold meridian- 

circle ; each star of the 303 was completely observed six times ; 

and instrumental constants were determined for each night. No 
pains were spared to secure accuracy. The probable error of a 

single bisection of Polaris was estimated at not above 0’'1 for 
poor seeing, and 0”*o5 under the most favourable conditions. A 

list of corrections to standard star-catalogues (p. 69) forms a 

valuable addition to the contents of the volume. 

WE have to acknowledge the receipt of the Calendars for the 
Session 1886-87 of the University Colleges of Dundee and 

Bristol, and of the Durham College of Science of Newcastle-on- 

Tyne. 

THOsE interested in natural history will be glad to hear that 
Mr. Quaritch issues this week vol. iii. (the ‘‘ Quadrupeds”’) 
of the Memorial Edition of ‘* Bewick’s Works,” which he is 

publishing—to be complete in five volumes. 
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THE additions to the Zoological Society’s Gardens during the © 
past week include a Spring-bok (Gazella euchore &) from South — 

Africa, presented by Capt. John Hewat, C.M.Z.S. ; two Tala-— 
poin Monkeys (Cercopithecus talapoin) from West Africa, pre- — 

sented by Mr. R. E. Dennett; two Red-headed Finches 
(Amadina erythrocephala 8 2) from South Africa, two Sation | 
Finches (Sycalis faveola $ §) from Brazil, presented by Mr. H, 
B. James ; a Leadbeater’s Cockatoo (Cacutua leadbeateri) from 

Australia, presented by Mr. J. Davis; a Roseate Cockatoo 
(Cacatua roseicapilla) from Australia, presented by Mr. G. H. 
Hawtayne, C.M.Z.S.; a Herring Gull (Larus argentatus), 

British, presented by Mr. E, Penton, jun., F.Z.S.; a West 

African Python (Python sebe) from West Africa, presented by | 

Major A. Morton Festing ; a Smooth Snake (Coronella levis) 
from Hampshire, presented by Mr. W. H. B. Pain ; a Leonine 

Monkey (Jacacus leoninus §) from Arracan, deposited; two 

Crested Pigeons (Ocyphaps lophotes), a Geoffroy’s Dove (Peristera 
geoffroti), bred in the Gardens. 

OUR ASTRONOMICAL COLUMN 

THE INNER SATELLITES OF SATURN,—Writing in the — 

5 

a 

Astronomische Nachrichten, Nos 2743, Prof. Asaph Hall states” 
that he has now finished the reduction and discussion of th 
observations of Titan and the five inner satellites of Saturn made 
at Washington since the mounting of the 26-inch refractor in 
1873. These observations have been made with the filar micro- 
meter, and most of them are observed angles of position and 
distances. The average probable error of a single observation 
for the position of a satellite is +0’'27. A remarkable result 
of the discussion is that the Washington observations of the five 
inner satellites can be satisfied within the limits of their probable 
errors by circular orbits. At the beginning of this discussion 
Prof. Hall hoped that the observations would determine the 
positions of the lines of apsides with such accuracy that the 
motions of these lines would be known, and that thus we might 
obtain data for a new determination of the mass of the Ring, 
and of the figure of the planet. But the resulting circular orbits 
for the inner satellites make the position of a line of apsides in- 
determinate, and for the present the mass of the Ring remains 
unknown. 

On account of the difficulty of making good micrometrical 
measurements of the inner satellites of Saturn, astronomers have 
revived the old method of observing their conjunctions with the 
ends of the Ring, or with some other marked feature in the 
Saturnian system. A series of observations of conjunctions with 
the ends of the Ring was made at Toulouse in 1876 and 1877 
by MM. Tisserand and Perrotin ; and in order to test the old 
method of observing, Prof. Hall has compared these measures 
with his elements of the five inner satellites. The result at 
which he arrives is that the probable errors of a single residual 
are larger for the Toulouse observations (= -£ o’"41 in the mean) 
than in the micrometrical measurements at Washington. Prof. 
Hall therefore concludes that observations of these satellites with 
filar micrometers are among the best we have, and since they 
are definite measurements, and are made in very different posi- 
tions, a result deduced from them is more likely to be free from 
constant errors. He suggests that probably the best way to 
effect an improvement in such measurements is to devise some 
new arrangement of the wires of the filar micrometer. 

THE INVENTION OF THE SEXTANT.—Dr. J. L. E. Dreyer 
points out, in the Astronomische Nachrichten, No. 2739, an 
historical error which has crept into several astronomical works, 
although it was refuted some fifty years ago by Prof. Rigaud in 
a series of papers communicated to the Waztical Magazine. In 
the books referred to, it is stated that the principle of the con- 
struction of the sextant was communicated to John Hadley by 
his brother, a Capt. Hadley, who had in his possession a sextant 
given to him by Capt. Godfrey, brother of Thomas Godfrey, ©} 
Philadelphia, the real inventor of the instrument. But it appears 
there never was such a Capt. Hadley. The brothers of John 
Hadley were—one a barrister, the other a physician; and he 
himself was not an instrument-maker by profession (as has been 
asserted), but, as an amateur, occupied himself with mechanical 
pursuits, and was the first to bring the polishing of reflecting 
telescopes to any perfection. On May 13, 1731, John Hadley 

; 
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communicated to the Royal Society a description of his re- 
flecting octant; and, after some hesitation, Halley declared 
himself satisfied that Hadley’s idea was quite different 
from that of Newton, who had invented an instrument 
founded on the same principle. It is no doubt true 
that Thomas Godfrey, a glazier of Philadelphia, had in- 
vented an instrument of this kind about the year 1730; 
but the first intelligence of his invention did not reach Eng- 
land before the month of May 1732, in a letter from James 
Logan to Halley. Godfrey’s instrument was made of wood by 
Edmund Woolley, a carpenter, about November 1730, and had 
been tried on board the ship 7y2man, of which John Cox was 
master. The first model of Hadley’s octant had, however, been 
constructed by his brother George about the middle of the 
summer of 1730. The thanks of those interested in the history 

_ of astronomy are due to Dr. Dreyer for the effort which he has 
made to correct the errors on this point which are found in 
Poggendorff’s ‘‘ Biographisch literarisches Handworterbuch,” in 
Wolf’s ‘‘ Geschichte der Astronomie,” and elsewhere. 

ASTRONOMICAL PHENOMENA FOR THE 

WEEK 1886 SEPTEMBER 19-25 

JESS the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Greenwich on September 19 

Sun rises, 5h. 43m. ; souths, rrh. 53m. 4277s. ; sets, 18h. 5m. ; 
decl. on meridian, 1° 25’ N.: Sidereal Time at Sunset, 
17h. 59m. 

Moon (at Last Quarter September 21) rises, 20h. 39m.* ; souths, 
4h. 7m.; sets, 1th. 44m. ; decl. on meridian, 15° 12’ N. 

Planet Rises South: Sets Decl. on meridian 
ib tah h. m. h. m. , 

Mercury 455 THE 20) eer LS) 3 6 oN 
Venus ... 3 50 10/45)... 17 40 9 56N. 
Mars’... ... 10 44 T5eDe ee LO! 38 18 12S. 
Jupiter... MT tL 2 2 LOS 7 3 43S. 
BciiEnerin... 23) 34% --.. 9737 2: 15) 40 21 32N 

* Indicates that the rising is that of the preceding evening. 

Occultations of Stars by the Moon (visible at Greenwich) 

Corresponding 
angles ‘rom ver- Sept. Star Mag. Disap. Reap. feicowmieHitcre 

inverted image 
i h. m. h, m. a a 

PeeersOy Nari... 2.916) ... 23 34... © 30f 68 229 
Bier 2OGeminormim:.. 54... 22 46... 2326 ... 23) 273 
Poe b.A.C. 3345 ... 6 53 2 41 61 206 

+ Occurs on the following morning. 

Sept. h. 
| 22... 12 ... Saturn in conjunction with and 3° 20’ north 

of the Moon. 
| 23 — ... Sun in equator. 

| Variable Stars 

Star R.A. Decl. 
h m. Ce: h. m. 

WGephei ... ... O 522... 81 16 N....Sept. 21, 19 4 2 
GGeminorum ... 6 57'4... 20 44N. i 245, 0 57, 0G 
U Monocerotis Gf res, 1) SOS Bao eg E25 M 
U Cancri POW 2 OL 3\-<-1O UL UNu sea) i959, 0255 uM 
6 Librze MAW SACO) .2s, (Oo) ANS gy 20S, Quine 
PeSoroncee-c) es. U5) 139-61... 32 4 Ni... 5, 22, T 45 
U Ophiuchi... EZ LOLS)...  L 2OUN. <-- 55, 22 4u 27772 

j and at intervals of 20 8 
(1 i 18 45°9 ... 33 14N. ... Sept. 18, 21 30 

io) 225m 2LOnrE 
nm Aquile ... 19 46°7 ORABUNG =e ss 2550 SE OnTz 
PRC VCOUE i  ..- 20 3:1 ...57 40.N. ... 55 24; M 
WeSyeuMeeey =, 20) 16% 147 32. N;.., 55 20, Ma 
Pee pocigmermacs | 20090145108 2 Ne si. j5. 205 m 
Pe@epheie.. <.. 22 24°9...57 50.N..... 5, 22,22 OF 

M signifies maximum ; #7 minimum. 
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Meteor Showers 

The following are amongst the showers of the period :—Near 
6 Cassiopeiz, R.A. 14°, Decl. 50° N. ; near a Arietis, R.A. 31°, 
Decl. 18°; and near Polaris, R.A. 68°, Decl. 87° N. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

UNIVERSITY COLLEGE, LONDON.—We notice from the 
prospectus of the Engineering Department that the examination 
for the Gilchrist (Entrance) /:ngineering Scholarship of 357. per 
annum is to be held on the 28th and 29th inst. Candidates 
must be under nineteen, and the subjects of examination are : 
—(1) Mathematics ; (2) any two or more of the following—(a) 
mechanics, (4) mechanical drawing, (c) examination on some 
subject connected with engineering, (¢) French or German, (e) 
the use of tools. The examination is intended to be of such a 
standard as can be passed by lads from school who have begun 
to acquire some knowledge of mechanical pursuits. The appli- 
ances of the engineering laboratory (under Prof. Alexander B. 
W. Kennedy) have been very much extended during the past 
year, mainly through a grant from the Gilchrist Trustees, and 
are now very complete in the direction both of experiments in 
elasticity and the strength of materials, and in the economic work 
of engines and boilers. Laboratory work is so arranged that 
students go through a systematic course of experimental instruc- 
tion in these and other connected subjects during the session. 

SOCIETIES AND ACADEMIES 

PARIS 

Academy of Sciences, September 6.—M. Emile Blanchard 
in the chair.—On presenting to the Academy a copy of a 
volume issued on the occasion of M. Chevreul’s centenary, 
August 31, 1886, M. Berthelot remarked that this seemed a 
suitable occasion for reviving the old custom of celebrating 
Academic solemnities by the publication of special scientific and 
literary essays. The present work, in the preparation of which 
MM. Ch. Richet, G. Pouchet, E. Grimaux, E. Gautier, 
Dujardin-Beaumetz, E. Demarcay, and Berthelot had co-oper- 
ated, has been executed with rare taste and care by the editor, 
M. Alcan, and by him dedicated to M. Chevreul on behalf of 
himself and his fellow-contributors.—Fluorescence of the com- 
pounds of manganese subjected to electric effluvium in vacuum, 
by M. Lecoqg de Boisbaudran. In the experiments here de- 
scribed the author has aimed especially at determining the 
effects due to the presence of manganese. The fluorescence of 
some of its compounds is an extremely sensitive reaction, by 
means of which imponderable traces of this metal may be de- 
tected in natural or artificial substances that might otherwise be 
supposed free from its presence.—Paralytic ataxy of the heart, 
by M. Mariano Semmola. In this communication the author 
resumes the results of his further observations on cardiac dis- 
orders, already reported in the 7yaxsactions of the International 
Medical Congress, seventh session, London, August 1881.— 
Remarks in connection with three Italian essays submitted to 
the Academy, by M. Govi. The first of these papers deals with 
an episode in the life of Galileo, showing that the hostility of the 
Jesuits to the Florentine philosopher was not due to the letter ad- 
dressed by him to his brother in 1606, announcing the expulsion 
of the Order from Venice. The second describes a curious 
plano-convex lens executed by Torricelli some time between 
1644 and 1647, and recently discovered in the Cabinet of Physics 
attached to the University of Naples. The third refers to an 
unpublished letter written by Volta in 1785 on Lavoisier’s pneu- 
matic theory, which, although not accepted without reservations, 
is defended against the assumptions of an Englishman named 
Lubbock, who had essayed to transform oxygen into a new 
principle called by him the ‘‘sorbile principle.”—On certain 
differential equations of the first order, by M. Roger Liouville. 
It is shown that the differential equation— 

VY + QS + 3a27" + 3% + ay=0, 
is reducible to the quadratures if its coefficients a,,...@, and their 
derivatives a’,,... satisfy the equation— 

6 

a,l! + KL 3[a', + 3(a,? - aa, =o, 
where Z represents the combination 

LZ = ana’, — aya'y + ay (4a, — Ang) + 2a9 (aq? — 2403, 
and X an arbitrary constant which may vanish.—Note on the 
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theory of dissociation, by M. G. Chaperon, It is argued that 
the theory of dissociation may be expressed with simplicity by 
means of certain cycles, which are easily formed, if the pos- 
sibility be admitted of separating at a constant temperature 
several mixed gases or vapours without the expenditure of con- 
vertible labour or of heat.—On the conjugation of the Para- 
mecize, by M. E. Maupas. Fresh observations on Paramecium 
caudatum have led the author to the determination of a fact of 
great physiological importance, which had hitherto escaped his 
notice, and which seems to foreshadow in these organisms the 
fecundating processes of the higher animals.—On the family of 
the Polyclinians, by M. Lahille. The Polyclinians of Roscoff— 
studied, for the first time, in 1872 and 1873, by M. Giard—are here 
divided into two distinct families—Polyclinidee and Aplididze.— 
On the affinities of the Eocene ferns of West France and Saxony, 
by M. Louis Crié. The already-determined affinities of the 
Tertiary flora of these two regions are here considerably 
enlarged by a comparative study of their respective ferns.—Note 
on the telluric currents, by M. J. J. Landerer. The author’s 
further observations on meteorological pheno nena c innected 
with electricity lead to the general inference that the great 
telluric current of the globe has its origin in the difference of the 
negative potentials. ‘he constancy and amplitude of the xég¢es 
of the winds whence it results insure both its normal direction 
and permanence.—On the discovery made in Belgium of a grave 
contemporary with the mammoth and rhinoceros, by M. Nadail- 
lac. Ina cave recently explored by MM. Marcel de Puydt and 
Sohest near Spy, in the province of Namur, were discovered 
two skulls of the Neanderthal type associated with the remains 
of Xhinoceros tichorhinus and Elephas antiguas (2). It thus 
appears that the Neanderthal race had already penetrated to 
the Meuse valley in the remotest times. From the relics found 
in the undisturbed soil of this cave it appears that they could 
make flint implements, utilise the tusks of the mammoth, 
manufacture earthenware baked in the fire, that they buried 
their dead, and in a word possessed the first rudiments of 

civilisation. 
BERLIN 

Chemical Society, July 12.—C. Scheibler, Vice-President, 
in the chair.—Ferd. Tiemann gave an account of some reac- 
tions of substituted amidoximes.—C. Scheibler discussed the 
important question for the sugar industry, whether a definitely 
characterised strontium dihydrate (SrO,2H,O) exists as such, 
or whether the substance having the percentage composition of 
a dihydrate is not rather a monohydrate (SrO, H,O) containing 
a higher hydrate mixed with it. He described his experiments 
on the action of carbon dioxide on the hydrates of the alkaline 
earths at different temperatures and containing varying amounts 
of water. He finds that the facts agree with the latter view. 
—H. Noerdlinger has studied the oxidation products obtained 
by the action of nitric acid on myristic acid : the chief products 
are succinic and adipic acids, besides smaller quantities of 
glutaric, pimelic, suberic, oxalic, and carbonic acids.—R. J. 
Friswell and A. G. Green described their researches on the 
constitution of diazoamidobenzene, from which it is concluded 
that the constitutional formula C;H;. N: N. NH. C,H; usually 
assigned to it is the correct one.—M. Rosenfeld described 
lecture experiments for the demonstration of the volumetric 
decomposition of hydrochloric acid and of the sublimation of 
sulphur.—J. Bongartz gave an account of compounds which 
aldehydes, ketones, and ketonic acids give with thioglycolic 
and thioacetic acids.—R. Otto discussed the conditions under 
which the whole of the arstnic can be removed from hydro- 
chloric acid by hydrogen sulphide, and he showed that the last 
traces of arsenic can be precipitated when the addition is made 
of a certain quantity of a substance which gives an insoluble 
precipitate with the hydrogen sulphide. Since crude hydro- 
chloric acid always contains such substances (e.y. ferric chloride, 
chlorine, &c.), it can readily be freed from arsenic by means of 
hydrogen sulphide.—P. Klason gave an account of a new 
method for the estimation of sulphur and of the halogens in 
organic compounds by burning them in a current of oxygen.— 
H. Kiliani has isolated the lactone of levulosecarboxylic acid, 
and has more closely examined the pentoxypimelic acid resulting 
from the oxidation of dextrosecarboxylic acid, and also its 
lactone. —E, Fischer has obtained a base named isoglucosamine, 
C,W4,N0,, by the reduction of phenylglucosazone with zinc dust 
and acetic acid, aniline and ammonia being simultaneously pro- 
duced; isoglucosamine is isomeric with glucosamine, and 
closely resembles the latter in its properties, and probably bears 
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the same relation to levulose as glucosamine does to dextrose. — 
J. Tafel described a new method of preparing primary amines, 
which consists in the action of sodium amalgam and glacial 
acetic acid on the alcoholic solution of the substances produced 
from ketones or aldehydes and phenylhydrazine ; the reaction 
takes place according to the equation— 

R:N,H. C,H, + 4H = RH. NH, + NH,. C,H, 
—E. Erlenmeyer offered an explanation of the remarkable 
isomerism occurring in the cinnamic acid and acrylic acid series. 
—K. Heumann and Th. Heidlberg are experimenting with a 
view to ascertain the influence exerted on the shade of certain 
dyes by the introduction of substitution groups and elements : in 
the present communication they describe the effect produced by 
the infroduction of chlorine. —W. Staedel and H. Bauer 
gave an account of their experiments on the methylation 
of metanitraniline; on the demethylation of tertiary aromatic 
amines, and also on a convenient method of preparing azo- 
compounds.—G. Ciamician and P. Silber had a paper on the 
constitution of certain di-substitution derivatives of pyrroline.— 
K. Elbs and G. Steinike have studied a-naphthylphenylketone. 
—W. Kelbe has found ordinary cymene and an arowatic hydro- 
carbon of the formula C,H, in rosin-spirit.—R, Anschiitz and 
P. N. Evans have found that antimony pentachloride boils 
under diminished pressure without appreciable decomposition. 
—A. G. Ekstrand gave the results of his research on the 
naphthoic acids; he has prepared and described the various 
nitro-derivatives. 
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EXTERIOR BALLISTICS 

Exterior Ballistics in the Plane of Fire. By James M. 
Ingalls, Captain First Artillery, U.S. Army, Instructor. 
(New York: D. Van Nostrand, 1886.) 

APTAIN INGALLS has succeeded in presenting 
within the limits of 128 pages, for the most part a 

very good and complete account of the various methods 
now in use for calculating range tables and solving im- 
portant problems relating to trajectories of shot. The 

subject of ballistics is divided into three parts—interior 
ballistics, which treats of the motion of the shot within 

the bore of the gun, of which very little is known ; exterior 
ballistics, which deals with the motion of the shot after 

leaving the muzzle and till it strikes an object ; and the 

remaining part treats of the penetration into an object 
struck. The author confines his attention to exterior 
ballistics. His book is purely mathematical, but well 

adapted to the wants of the artillerist. It is in reality a 
second edition. 

In Chapter I. theoretical resistances are calculated for 

various forms of heads of elongated shot ; and Chapter II. 
is devoted to the consideration of experimental resist- 
ances, where reference is made to the experiments of 

Robins (1742); Hutton; Piobert, Morin, and Didion 

(1839-40) ; Virlet (1856-58). Then follows a brief notice 
of experiments made with the Bashforth chronograph at 
Shoeburyness. The dates of the publication of the first 
and final reports of these experiments are correctly given 
1870 and 1880 respectively, but there is no notice of an 

intermediate report (84/B/1879), printed by Government 

and circulated in 1879, giving coefficients of the resistance 

of the air for elongated shot for all velocities between 

430 and 2250 fis. (131 and 686 m.s.). But the first publi- 

cation of the results of these experiments will be found 

in the Zransactions of the Royal Society for 1868 for 

velocities 900 to 1600 f.s. (p. 441). Mention is then made 
of some rather meagre experiments said to have been 
made by Mayevski in 1868-69 with both spherical and 
elongated shot. In the latter case the assistance derived 

from the results of the English experiments is fully and 
candidly acknowledged by Mayevski, whose results it 

appears were not published till 1872, And lastly, 
“Mayevski’s and Hojel’s discussion of Krupp’s experi- 

ments made at Meppen (1881) are noticed. Some con- 
fusion is caused here from the intermixture of dates of 

experiments and dates of their publication, but it must be 
evident that the publication of Bashforth’s results was 
not anticipated by any experimenter here named for the 
whole range of velocities 100 to 2800 fs. for elongated 

shot, and for velocities 850 to 2150 f.s. for spherical shot, 
excepting in the latter case the results of Robins, Hutton, 
and Didion. 

Capt. Ingalls then proceeds to explain the methods of 
determining the coefficients of resistance. He passes 
over the ballistic pendulum, which is however not yet 
quite obsolete, and first deals with the case where veloci- 
ties of a shot are measured at two points a known distance 
apart. He gives a table of the 16 determinations of 

Didion’s p’ for spherical projectiles by Mayevski (pub- 
VOL. XXXIV.—No, 882 

lished 1872), and then he passes on to Mayevski’s and 

Hojel’s formulz for elongated shot (1882). It does not 

appear why priority is given to these recently published 

results. These being disposed of, the author gives a very 
good account of the manner in which Bashforth obtains 

his coefficients from the observed times occupied by the 

shot in passing over a succession of equal spaces (pp. 

31-35). Capt. Ingalls has expressed the law of resistance 

from these English results in terms of the powers of the 
velocity, upon which he remarked that the expressions 

deduced by Mayevski and Hojel from the Krupp experi- 

ments give a less resistance. He does not consider at 

all the nature of the experiments from which these con- 
tradictory results were obtained, but at once comes to the 
desired conclusion that “This is undoubtedly due to the 

superior centring of the projectiles in the Krupp guns 

over the English, &c.” But we very much doubt this 
statement. Further on, the experiments given in the 

“Annexe 4 la Table de Krupp” are calculated by (1) 

Krupp’s tables ; (2) by Ingalls’ tables (reduced by using 

¢ = ‘907, as had before been done in the Proceedings of 
the R. A. Institution, Woolwich, 1885); and (3) by 

Mayevski’s formule. The agreement between calcula- 
tion and experiment is apparently about equally satis- 

factory in all three cases. But the calculation by Ingalls’ 

tables supposes a reduction of over 9 per cent. in Bash- 

forth’s coefficients used in calculating these tables. We 

have not had an opportunity of examining the Krupp 
experiments of 1881, from which Mayevski’s formule of 
1882 are said to have been derived, unless they be those 

contained in Krupp’s Paper xxx., which gives the par- 
ticulars of a few “expériences pour déterminer la résist- 
ance de l’air aux grandes vitesses.” In that case we are 

informed that no less than szx chronoscopes were used 

in favs to measure velocities at 30, 130, and Iooo metres 

from the gun. This amounts to a confession that the 

particular instrument used was not to be relied upon. 

We have not space to pursue the question further, but we 
must direct particular attention to the group formed of 
rounds 7-10, fired July 5, 1881, stated as follows :— 

vat 30m. vat 130m. vat Iooo m. 

Round No. 301 No. 302 No. 292 No. 293 No. 114 No. 115 

7... 896'4 892°5 855°9 850°9 .. — 
8... 903°8 894°5 852°7' 862°7) =. — — 
9... 90774 1887-2 857°6 856°7 438°. — 

IO... 907°4 QII'4 854°t  $34°7 = oan 

Means... 903°8 89674 8551 851°3 438°. — 

goo'l m.s, 853°2 m.s. 438°I m.s. 

This is one of the six groups of rounds of which the 
experiment consists. It will be observed that there are 
large differences in some of the velocities measured at the 
same point by two different instruments, and that there is 
only a single velocity measured by one chronoscope at 

the distant station. It is quietly assumed that this one 
velocity of 438'1 m.s. determined from round 9 is perfectly 

correct and applies equally to all four rounds 7, 8, 9, and 

10! All the results deduced from this group depend 
entirely upon this szzg/e velocity. Chronoscope No. 115 

never came into action at all, and No. 114 only once. It 

is difficult to imagine a worse experiment. From all this 
it appears that it is necessary to be very cautious in 

Vi 
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adopting the results of so-called experiments. It must be 
evident that the efforts of the Krupp party are directed to 
spread an impression that his system of constructing guns 

and projectiles has some mysterious property of reducing 
the resistance of the air. Now it is perhaps fortunate 

that the English experiments were made when the Service 
guns did not shoot quite so steadily as they do now, 

because all the observations were made near the gun 

when the motion of the shot was most nearly in the 
direction of motion. Although one gun was an extremely 
good one—-we will suppose that the average of the four 

guns gave coefficients slightly above those due to per- 
fectly steady motion in direction of the axis of the shot. 
Let us consider now what actually takes place on a long 
range. The elevation we will suppose 10°, and also that 

the shot leaves the muzzle with perfect steadiness. The 
tendency of the shot is to preserve the parallelism of its 
axis, but the curvature of the trajectory soon causes the 
axis of the shot to be inclined to the direction of motion. 

The resistance of the air then acts od/¢guely on the shot, 
and so tends to place the axis in the direction of motion. 
If it succeeded in accomplishing this feat at any instant, 

all would be out of order the next moment. In this way 
the axis is kept zearvZy in the direction of motion. Our 
shot would perhaps fall at an angle of 12°, making 22° as 
the angle through which the axis of the shot had been 

turned during its flight, by the od//gue action of the resist- 

ance of the air. This oblique action of the air causes 
other disturbances, as “ drift,” &c. Thus if in the English 

experiments the shot moved with their axes at times 
slightly inclined to the direction of their motion they 
would give coefficients more nearly corresponding to the 

conditions of their motion on long ranges than if they 

had been obtained from shot moving with the axis exactly 
in the direction of their motion. 

Afterwards Capt. Ingalls treats of the general properties 

of trajectories, the rectilineal motion of shot, and the cal- 
culation of tables. He explains the methods of calculating 
trajectories adopted by Euler, Bashforth, Niven, and 
Siacci. Numerous examples are given to illustrate and 
explain these methods, and examples taken from Bash- 
forth’s treatise are worked out by approximate and other 
methods. 

The work concludes with three ballistic tables adapted 

for the calculation of trajectories by Siacci’s approximate 
method. Table I., for spherical shot, is based upon 
Mayevski’s coefficients (1872); Table II., for elongated 

projectiles, is based on Bashforth’s coefficients ; and Table 
III. is said to be copied from Didion, who copied from 
Euler. This table is given by Otto for every minute up 
to 87° o', which is its most complete form. 

OUR BOOK SHELF 

Illustrations of the Indigenous Fodder Grasses of the Plains 
of North-Western India. (Roorkee: Nature-printed 
at the Thomason Civil Engineering College Press, 
18386.) 

THIS is an atlas of forty plates, the representations in 
which are most natural and life-like, the characteristic 
habit of each species being effectively shown. About half 
the plates are accompanied by diagrams of the spikelets ; 
or florets. 
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Andropogon, 7 to Panicum, 3 to Eleusine, 3 to Eragrostis, 
and 2 each to Aristida, Cenchrus, and Paspalum. The 
I4 remaining genera, represented each by 1 species, 
include, amongst others, Saccharum, Setaria, Sorghum, 
and Sporobolus. All the species shown are extra-British, 
excepting Cynodon Dactylon, Pers. [and Panicum Crus- 
Galli, L.]. Of these grasses none perhaps is of greater 
current interest than Sorghum halefense, Pers., known 
amongst English-speaking peoples as ‘‘ Johnson grass,” 
respecting the drought-withstanding capacity of which - 
very favourable reports continue to be received from 
Australia and from the Western United States. Mr. J. F. 
Duthie, under whose careful supervision the work has 
been published, states in a short introduction that “the 
increasing demand for reliable information concerning 
the various grasses used in this country, either as fodder 
or forage, has induced me to collect materials for the 
preparation of a work embodying all the available infor- 
mation on this very important subject.” This admirable 
atlas is a contribution in the direction indicated, and the 
descriptive letterpress, which Mr. Duthie promises to 
have ready by next cold season, will be welcomed by 
those—and their number is rapidly increasing—who are 
interested in the economic study of the Graminea. 

W. FREAM 

Exerctses on Mensuration. By T. W. K. Start. (Lon- 
don: Sampson Low and Co., 1886.) 

A WRITER who invariably mis-spells “ hypotenuse ” speaks 
of squaring two numbers and “‘ subtracting the results,” 
and treats of the area of a triangle before the area of a 
rectangle, does not deserve success. Yet so unsuited for 
non-technical schools is the scope of most of the existing 
books on mensuration, that a little manual like this of 32 pp. 
hasan excellent chance in the struggle for existence. We 
hope the present edition may be rapidly sold, and fol- 
lowed by a second edition thoroughly revised. TT. M. 

Lectures in the Training Schools for Kindergartners. By 
Elizabeth P. Peabody. (Boston: D. C. Heath and 
Co., 1886.) 

IN these eight lectures, which have been addressed during 
the past nine or ten successive years to training classes 
for Kindergarten teachers in Boston and elsewhere, Miss 
Peabody explains the system of Froebel, and the prin- 
ciples on which it rests. The very first sentence of the 
first lecture shows the serious view entertained by Miss 
Peabody of the duties of such teachers: “* Whoever pro- 
poses to become a Kindergartner according to the idea 
of Froebel, must at once dismiss from her mind the 
notion that it requires less ability and culture to educate 
children of three, than those of ten or fifteen years of 
age. It demands more.” 

Le Mouvement scientifique et industriel en 1885. 
Causeries scientifiques. Par Henry Vivarez. (Paris: 
Librairie Centrale des Sciences, 1886.) 

THIS volume is a republication of a number of sketches 
on scientific subjects contributed weekly to the journal 
La Gironde, with a view to keeping the readers of that 
periodical aw courant with the progress of science in its 
various branches. They are therefore popular, and are 
made as entertaining as possible. The writer has the 
gift, so common amongst his countrymen, of rendering 
the most technical and abstruse subject clear and interest- 
ing. The “ Causerie” is peculiarly a French device in 
journalism: hitherto it has been mainly devoted to liter- 
ature and the drama. M. Vivarez has applied it with 
much success to science. It would be absurd to speak 
of this as a work of science, but it certainly is a work in 
which the latest results of science are explained and 

Of the 4o selected species, 7 belong to | illustrated for the million. 

[ Sept. 23, 1886 



” 

Sept. 23, 1886] NATURE 495 

LETTERS TO THE EDITOR 

The Editor does no! hold hinself responsible for opinioirs ex- 
pressed by his corresponden's. Neither can he undertake t) 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

British Association Sectional Procedure 

As one who has attended fourteen corsecutive meetings of the 
British Association, with seven years’ experience as a Sectional 
Secretary, as one, more ver, wo hasa high opinion of the benefit 
these meetinzs my confer upoa aspiring learners and isolated 
workers, I venture t> submit a few observations on the details 
of the conduct of the business ef the Sections—a subject, I think, 
of general interest and importance. 
My remarks apply directly to Section A, and only touch 

Sections B and G incidentally. I have no means of knowing 
anything about the conduct of the business of other Sections. 
But as regards Section A every one must feel how great a burden 
the papers are becominz, and how impossible it seems to deal 
with them adequately on the present system. The papers sent 
in are good and interesting almost without exception—there is 
no fault in the quality of the papers, it is their superabundance 
in proportion to the time that constitutes the evil. It is dis- 
heartening toa man who has taken much care and trouble in 
some piece of work, and in preparing an account of it to lay 
before the Section in order to get advice and encouragement for 
further labours, to come on at the end of a long day when every 
one is tirel—the seniors many of them absent, and to find it 
expedient to abstract even his abstract, and give a hasty and 
barely intelligible account of what he has done: the next paper 
being hurried on without any adequate discussion in order to try 
and get through the list. I spzak with the greater freedom 
because I have no personal grievance whatever: what I say 
merely represents a feeling which is certainly prevalent. More- 
over, I by no means imply that any one is to blame. The effective 
conduct of the business of a Section in which titles of papers 
are liable to be handed in at the last moment is a most difficult 
matter, and one can only grow wise by experience. 

This year the experiment has been tried of sitting on only four 
complete days, and of putting 35 papers down for one of then 
in order to avoid a Wednesday sitting if possible. My impression 
of the general feeling is that this has been a failure, and has 
resulted in a dull meeting. There are several objections to not 
sitting on a Saturday—not the least of which is that the break 
between Friday evening and Monday morning is rather a long 
one, and the temptation to go away is strong. 

In the days when I received the traditions of the Secretaryship 
from Mr. J. W. L. Glaisher, a Saturday sitting was the universal 
rule, and it was devoted to pure mathematics. At Bradford this 
pure mathematical day was a most memorable and brilliant one. 
In those days, moreover, joint sittings-with other Sections were 
unheard of. Electricity was then almost unknown to Section 
G, and the border region between physics and chemistry was 
less active. Nevertheless the press of papers was even at that 
time considerable, and a long Wednesday sitting was a frequent 

_ occurrence. 

{ 
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At the present time joint sittings, or semi-joint sittings, with 
B and G, and even with C and D, are liable to have to be provided 
for ; and these joint sittings and interdiscussions are surely likely 
to be among the most fruitfal and instructive periods of the 
whole meeting, and everything should be done to encourage 
them. But if time is to be found for any such discussion or joint 
meeting, and if at the same time the papers accepted are to be 
adequately treated, soas really to encourage, and not discourage, 
research, then I may take it as evident that it is quite hopeless 
to attempt to avoid sitting on both Saturday and Wednesday. 
Saturday is in many respects a favourable day for a sitting of A, 
for so many of the other Sections are then free thit a good 
audience is frequently obtained, and opportunity for a junction 
of Sections is afforded. It is true that the innovation of Saturday 
excursions is supposed to militate against this arranzement ; but 
Saturday excursions should not begin till middle day ; moreover, 
if excursions are to interfere with scientific business, there ought 
to be no question as to which should give way. 

Assuming this granted, I proceed to indicate a plan for the 

classification of papers so as to get a convenient list on each 
day, and to endow each day with a character of its own. This 
is an old practice, but it seems in some danger of beinz dis- 
carded, and it is a most useful one. Let us consider the days in 
order. 

On Thursday there are, of course, the Presidents’ addresses ; 
not only the address in A, but also those in B and G, which are 
likely to draw off a considerable nunber of physicists. Indeed, 
these Sections considerately postpoie their commencement till 
12 o'clock, for this most desirable interchange of members. 
Those least affected by either of these Sections are, perhaps, the 
astronomers ; and therefore it is convenient to fill up the rest of 
Thursday with papers on astrono ny, tides, terrestrial magnetism, 
and with reports. The day thus acquires a dignified and sub- 
stantial character. 

Friday is a day to be devoted to pure physics, z.e. to 
papers interesting to theovetical physicists as distinguished 
from those concerned with celestial or terrestrial applications. 
The day is suitable for mathematico-physical papers, for reports 
on theories of light and electricity, and such like. 

On Saturday the pure mathematicians should take their 
innings as of old: they should be the main Section for that 
day, and should not consent to be shunted off into some small 
and unknown room. The rest of the Section may either meet 
as a sub-section to clear off a residue of papers on general or 
applied'physic:, if any were left over from Thursday ; or, if oppor- 
tunity offers, it may hold a corjoint meeting and discussion with 
some other Section, such as B or D in that Section’s room. 

Monday is a day devoted to meteorology ; and the growing 
importance of this branch claims that it should have the time 
fairly to itself, and not be swamped by a multitude of other 
papers crowded into it from other days. But inasmuch as a 
number of members take only a general interest in meteorology 
they are set partially free for attendance at other Sections, and 
accordingly it is becoming customary for Section G to take 
electrical and other communications of a physical interest on this 
day, and for Section B to read its papers on physical chemistry. 

Tuesday is another day for pure physics, like Friday; but 
inasmuch as the physical aspect of chemistry is manifestly 
growing in importance, it is probably feasible to take papers 
having a more chemical bearing, as well as all those which were 
omitted from Friday’s list. Section B would doubtless be able 
to take its technical papers of less general interest on this day, 
as it did at the late meeting. 

Finally, Wednesday is a most useful day, not only for clearing 
up arrears, but fora class of papers often very interesting, and yet 
such as should not be allowed to interfere with the more serious 
business of the meeting at times when the az? mazjores are likely 
to be present in force. These are papers on minor and semi- 
technical points—new batteries for instance, telegraphic and 
observatory details, rheostats, com nutators, and all manner of 
things, not by any means unimportant, but yet involving no 
serious difficulty or novelty of principle. Some of these might 
be taken in the sub-section on Saturday. If, by reason of dis- 
cussion on other days, there are arrears of work to be dealt with, 
then a sub-section to deal with them may be appointed for We l- 
nesday. Splitting of Sections is undesirable (though it is much 
better than destroying the whole object of the meeting by 
undue haste), but if it has to be done, Saturday and Wednesday 
are the days for doing it; partly because the work to be accom- 
plished is by that time known, partly because few other Sections 
are then meeting; but mainly because the important days of 
general interest, Tuesday and Friday, are thus left uninterfered 
with, and with their interest undissipated ; while on Monday, when 
the interest is more special, and toa less extent on Thuvsday also, 
many members may be expected to wish to attend B or G, and 
an A sub-section in addition is quite undesirable, Th2 possi- 
bility of meeting at 10 on Saturday and Wednesday is a feature 
which enables a good deal of work to be got through, before 
excursions on the one day and committee-meetings on the other 
put an end to the sitting. Let me summarise these suggestions. 

Thuysd y.—President’s address in A. Reports and papers 
on astronomy and earth physics. At 12 o clock Presidents’ 
addresses in B and G. 

Friday.—Reports and papers on pure and more mathematical 
physics. 

Saturday.—Reports and papers in pure mathematics. Also 
possible joint sitting with some other Section as arranged ; or 
sub-section for minor experimental details. 
Monday.—-Reports and papers on meteorology and o}serva- 

tional physics. Physical chemistry in B. Electricity in G. 
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Yuesday.—Reports and papers on pure and more chemical 
physics. Technical chemistry in B. 

Wednesday.—Arrears and papers on minor or semi-technical 
experimental details. Simultaneous sub-section, if necessary, 
for clearing off arrears without haste. 

It may be felt that this means a hard week’s work. 
does. Attendance at these meetings, if attentive, is no child's 
play. But if any diminution is necessary, I submit that it is 
better to shorten each day’s sitting than to lessen the number of 
days. One is fresh enough at 10, when the committee work 
begins, but pretty tired and hungry at 3. If interest dwindles, 
and papers begin to hurry themselves off without discussion, or 
to drone themselves dismally through, it is far better for the 
Section to rise at 2, instead of constraining itself to continue the 
process till the allotted hour. On the other hand, if interesting 
discussions arise, and attendance is good, it is very well to be 
able to continue the sitting till 3 or even longer. Though, 
indeed, Thursday is the only day on which a sitting may happily 
be continued beyond 3 without being disturbed by a committee 
meeting. 

I have now said my say. I offer no apology for treating the 
subject, because my single aim in doing so has been to 
endeavour to do something to promote the usefulness and 
success of these meetings. OLIVER LODGE 

University College, Liverpool, September 13 

Well, it 

The Geological Age of the North Atlantic Ocean 

WHILE the interest attaching to Sir William Dawson’s Presi- 
dential address at Birmingham is still fresh, I wish to be allowed 
to offer a few observations on that part of it which deals with 
the geological age of the North Atlantic Ocean. The President 
in referring to those writers who, like Mr. Crosby in America, 
Mr. Mellard Reade and myself in Britain, maintain that the 
North Atlantic and the American continent have in the main 
changed places in Palaeozoic times, makes the following state- 
ment. Admitting the correctness of the facts as to the swelling 
out of the Palaeozoic sediments in the direction of the Atlantic 
seaboard, he endeavours to account for these very striking pheno- 
mena thus: ‘‘I prefer, with Hall, to consider these belts of 
sediment as in the main the deposits of northern currents, and 
derived from Arctic land, and that, like the great banks of the 
American coast at the present day, which are being built up by 
the present Arctic current, they had little to do with any direct 
drainage from the adjacent shore.” Now, in reading this 
passage it occurs to me that Sir W. Dawson must have felt he 
had a very questionable case when he attempted to support it 
by such an hypothesis. To liken the great sheets of sediment 
which spread themselves sometimes over half the North Ameri- 
can continent south of the Great Lakes to the banks heaped up 
along the Atlantic coast is a point of analogy in which, probably, 
he will find few to concur. The Paleozoic sediments are certainly 
not banks, but sheets originally spread over the sea-bed, and dis- 
tributed according to certain recognised laws of increase and 
decrease of thickness. 

But, putting this point aside, I may be allowed to ask, How 
can we suppose the existence of a northern current bringing 
sediment from the Arctic regions, and spreading it over Eastern 
America, unless there was at the same time a coast-line to guide 
the current in taking a southerly direction ; and if such a coast- 
line existed, must it not have lain along the eastern American 
shore, because the American continent itself was then sub- 
merged? If we examine a current-chart of the globe, we find 
that all the N.-S. oceanic currents flow along the continental 
shores and take their directions from them. If America and 
the Atlantic, south of the Arctic regions, were both oceanic in 
Palzeozoic times, then the current would not have been southerly, 
but westerly or easterly, according to circumstances, certainly 
not flowing from north to south ; therefore this explanation for 
the distribution of the Palaeozoic strata cannot, I venture to say, 
bear the test of examination. 

Again, the President states: ‘‘It is farther obvious that the 
ordinary reasoning respecting the necessity of continental areas 
in the present ocean basins would actually oblige us to suppose 
that the whole of the oceans and continents had repeatedly 
changed places.” Now, as regards the North Atlantic, this is 
an objection which is purely imaginary ; because the evidence 
goes to show that it remained in the condition of a continent all 
through the Paleozoic ages, with, of course, ever-varying mar- 
gins ; and it is only so far (as a writer in the Atheneum, Sep- | 

tember 4, has properly pointed out) that I have argued in favour 
of its continental condition. But undoubtedly the arguments 
in favour of the interchange of ocean and continent during 
Paleozoic times, as applicable to North America, would be 
found to apply more or less strictly to other oceans and con- 
tinents, owing to the wide distribution of the formations of this 
period over the present continental areas. Northern and Cen- 
tral Africa and Greenland may prove exceptions ; but apart from 
these tracts, Palaeozoic strata appear to have been distributed 
(prior to denudation) over by far the greater portions of the con- 
tinents, and the sediments must have been derived from the 
adjoining continental areas, which are now covered by the 
waters of the ocean. 

The question between the President and myself is mainly 
this: Did the sedimentary strata of the Paleozoic period of 
North America come from lands lying around the Arctic Circle, 
or from others occupying the position of the North Atlantic ? 
American geologists have a favourite theory that the Arctic 
regions have been the originating lands, but I venture to repeat 
that if it be allowed as a general principle that the originating 
lands lay in the direction towards which thesedimentsthicken, and 
opposite to that in which the limestones are most developed, the 
conclusion is inevitable that the Atlantic was in the main a land- 
surface in Paleeozoic times. All the Palzeozoic formations of 
North America point to this conclusion, as I have on former 
occasions attempted to show,! and this, regardless of the ques- 
tion whether or not there was also land along the Arctic Circle, 
Throughout the Silurian, Devonian, and Carboniferous epochs 
marine limestones were in course of formation mainly over the 
regions west of the Mississippi, and sediments mainly east of 
that line and chiefly in the Appalachian region. The general 
direction of the swelling out of the sediment is (if I mistake not) 
rather south of east than north of east. Thus, the ‘‘ Potsdam 
beds” appear to swell out towards the E.S.E.; the ‘* Hudson 
beds,” S.E., and S.S.E.; the ‘*Hamilton beds” of the 
Devonian, towards the E. or E S.E. ; and different members of 
the Carboniferous series swell out N.E., E., and S.E. On the 
whole, and as a general result, the centre from which the sedi- 
ments appear to have been chiefly distributed seems to have 
lain around the point intersected by the parallel 30° N. lat. 
and the meridian of 60° W. long., except in the Carboniferous 
period, when the originating lands appear to have lain in the 
region of the first Atlantic cable, between Newfoundland and 
the British Isles, and which lands were probably continuous with 
those of the Arctic continent. 

I wish, in conclusion, to take this opportunity of adding a few 
words in reference to the Archzean rocks. I am much disposed 
to concur in the view of Sir W. Dawson—that the fundamental 
gneissose beds of the Archzean period may have had a different 
origin from the metamorphic strata of succeeding periods, and 
that they may not have been originally sediments. This obser- 
vation does not, however, apply to the schists, limestones, and 
quartzites which succeed them, and which sometimes include 
beds of gneiss, as in Scandinavia. From this point of view, the 
birthday of the Atlantic continent may not have dated farther 
back than the commencement of the Palzeozoic age—represented 
in Britain by the Cambrian, and in America by the Potsdam, 
sandstone. Asa continent it remained till the close of that age. 
To what extent it survived the terrestrial movements which 
closed that epoch I am not prepared to say. 

Dublin, September 15 EDWARD HULL 

Earthquake at Sea 

CAPTAIN H. J. OLSEN, commanding the brig Wilhelmine of 
Drammen, reports that, on the rst inst., being by dead reckon- 
ing in lat. 50° 10’ N., long. 1° go’ W., he observed, between 
3.30 and 4 p.m., three rumblings at short intervals, during which 
the ship was felt to tremble violently, so that both the bulwarks 
of the cabin and plates on the table clattered. The wind was 
north-west, with a gentle breeze, and the ship was on the star- 
board tack. H. Moun 

Det Norske Meteorologiske Institut, 
Christiania, September 15 

Peripatus 

Nature for July 29 (p. 288) mentions that Perzpatws has been 
taken at Demerara. It may interest some of the readers of 

© Scient. Trans. Roy. Dublin Soc., vol. iii. 2 ser. p. 305 (1885), and 
‘*Contributions to the Physical History of the British Isles,”’ p. 27 e¢ seg. 

a 
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NaTuRE to know that in January 1881 I captured a single 
specimen of Perzfatus in the low, damp woods at Breves, on the 
island of Marajé, mouth of the Amazon. The specimen is now 
in the entomological collections of Cornell University, Ithaca, 
INGY. JoHn C. BRANNER 

Bloomington, Ind., U.S.A., September 2 

THE RECENT EARTHQUAKE IN GREECE 

i FORWARD the inclosed copy of a report made by 
the master of the steamship Za Va/e¢¢e in reference 

to the earthquake which occurred in Greece last month, 
in case you may not have received the report and might 
wish to publish it. 

W. J. L. WHARTON, Hydrographer 
Admiralty, September 20 

Report made by the Master of the s.s. “ La Valette” to the 
Superintendent of the Ports, Malta, furnishing 
certain particulars in connection with the earthquake 
which occurred on August 27 

On the 27th inst., at 11.30 p.m., whilst in lat. 
36° 18’ N. and in long. 21° 32’ E., or at a distance of 
50 miles W. 4 S. from Cape Matapan, I felt, all of a 
sudden, a very strong shock, which made the ship 
tremble, especially the engines, for the space of about 11 
seconds. The ship was proceeding at the rate of 10 
knots an hour, and with such shaking lost her course. 
The engineer thought that the screw had been lost. 
After the shaking was over all was right again. At mid- 
night in the direction west-north-west, in lat. 36° 17’ N., 
long. 21° 27’ E., I observed on our right something like a 
mass of thick black smoke, which, like a cone, was rising 
up perpendicularly from the horizon, and at intervals 
changing into a reddish colour. In the meanwhile a 
perfect calm prevailed, with heavy sea from west at inter- 
vals. At 4 a.m. of the 28th, when the ship was in lat. 36° 
12’ N., and in long. 20° 43’ E., the wind commenced blow- 
ing from north-west, which made the horizon a little clear. 
At 10 a.m. the mate, who was on watch on the bridge, 
reported tome that he had observed in the sea several 
stripes of a dark yellowish colour about one quarter of a 
mile long in the direction from north to south, which 
looked like shallows. The sea continued always heavy 
from west with very little wind. As the ship had a cargo 
of cattle, which suffer greatly from heat, I could not lose 
time in measuring the depth of the aforesaid stripes; 
therefore I tried to avoid them. During the navigation I 
thought proper to take precautions, as when I was at 
Alexandretta my owners informed me by telegraph of 
the report made by Capt. Tomlinson, of the steamer 
Transition. (Signed) Capt. L. AQUILINA 

Malta, August 29, 1886 

THE TOTAL SOLAR ECLIPSE OF 1886 

WE suppose that if, some months ago now, when the 
question of sending out an Expedition to Grenada 

during the rainy season was first discussed, any one had 
prophesied that out of a party of eight seven would see 

‘the eclipse and record results, the general feeling would 
have been that such a view would have been too sanguine. 
This, however, is what has happened, and so far as the 
securing of observations and photographs goes the Expe- 
dition must be pronounced a success. 

With regard to the total result, however, no one is yet 
in a position to speak with certainty, for some of the 
photographs taken are not yet developed, and others, 
though developed, have not been submitted to any exami- 
nation. On this point, however, we need not lay any great 
stress, for such photographs, though invaluable as records, 
do not help yet so much as such pictures will certainly be 

- made to do hereafter in the matter of solar theory, for the 
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reason that they are not large enough and not detailed 
enough. 

Has, then, solar theory been advanced by the eye obser- 
vations? From the sketch of the work done which 
appeared in yesterday’s 7%mes, from the pen of a Corre- 
spondent in Grenada, and which we reproduce, we think it 
has certainly. Prof. Tacchini’s observation that the 
prominences seen most prominently during the eclipse 
were not the prominences seen by the ordinary method, 
and that the latter only reveals part of a very complicated 
phenomenon, is valuable in itself, but taken in con- 
nection with the fact that the eclipse prominences and 
the parts of the prominences not seen by the ordinary 
method are probably downrushes, wholly or partially, it 
is difficult to overrate its importance. These eclipse 
prominences, which Prof. Tacchini calls “ white ” promin- 
ences, are high and filamentous, and that distinguished 
observer, we know, does not hesitate to express his belief 
that the “comet” seen in the eclipse of 1882 was really 
one of them. If this be so, then the meteoric downpours 
of consolidating and consolidated materials are already 
en évidence with a vengeance, and these are the parts of 
the solar economy we want most to lay hold of just 
now. 

That part of the Zzes Correspondent’s letter which 
refers to the results obtained runs as follows :— 

“The Green Island party was the only one doomed 
to disappointment. At Carriacou, Boulogne, Hog (or 
Fantome) Island, and Prickly Point the eclipse was seen 
and results secured, although at these places even it was 
touch and go, the sky being cloudy everywhere. Carriacou 
was most highly favoured. During the totality the sky 
was cloudless, though the sun was covered one minute 
after the rim re-appeared. At Fantéme Island the last 4o 
seconds, and at Prickly Point the first 50 seconds, were 
lost. At Boulogne the clouds were still more persistent, 
and cut off 70 seconds of the totality, although Mr. Turner 
secured some observations during the four minutes before 
and the five minutes after. The presence of cloud during 
totality is a more serious matter than it might appear at 
first sight, for not only is the time reduced during which 
precious facts may be recorded, but pre-arranged pro- 
grammes are interfered with, and it may be necessary to 
change them in order to meet the altered conditions. This 
requires a rapid and wise decision. 

“ Before I attempt to give any summary of the general 
results obtained, it may be remarked that the kinds of 
work attempted as a rule by eclipse expeditions are four 
in number, and are very distinct both in their methods 
and results from each other. We have first of all new 
facts, or new views of facts, which experience shows us are 
always obtained at such times, though they are not sought 
for as such. Next comes the testing of views which have 
been put forward to explain and harmonise the results 
previously obtained, and this part of the attack becomes 
very important when there are rival hypotheses in the 
field, the superiority of one of which can be established 
by a few critical observations. The third kind of work is 
the testing of the new methods of obtaining facts, the 
introduction of new instruments, or of new or improved 
ways of using old ones. Only in this way can a complete 
and perfect system of eclipse observation be built up. 
Finally we have the application of the ordinary methods 
of obtaining records, which for the most part are photo- 
graphic. Astronomers not only want to study the 
phenomena of each eclipse to get at the physical and 
chemical structure and nature of the sun’s atmosphere 
but they want to note the changes from eclipse to eclipse, 
in order to see which phenomena are liable to variation, 
and the extent and period of such variation if it exists. 
“Now in the eclipse observations secured in Grenada 

and Carriacou a distinct advance has been made alone 
all the four lines to which reference has been made. New 
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facts have been acquired, old views have been satisfactorily 
tested, new instrumental methods have been studied, and 
records of the general phenomena have been secured. 
I will as briefly as possible go over each of these points 
in turn. 

“ First as to the new facts. For these we have to refer 
to the work of Prof. Tacchini at Boulogne. No one was 
more competent than he to note the prominences and other 
appearances visible during the eclipse. This he did with 
a 6-inch, and so soon as the clouds permitted after the 
eclipse he observed the spectrum of the prominences by 
the ordinary method. 
seen under these two different conditions and by means 
of such different methods were not the same. He also 
noted that the prominences seen during the eclipse itself 
had the same characters as the so-called ‘white’ pro- 
minences which he observed in 1883 at the Caroline 
Islands. These appear whiter and dimmer as the dis- 
tance from the photosphere increases. These observa- 
tions have been very closely examined by Prof. Tacchini 
and Mr. Lockyer, with the result that both these solar 
observers are now prepared to ascribe these new pheno- 
mena to the descent of relatively cool material. 

“It is difficult to over-estimate the importance of this 
result from the point of view of solar theory. The deter- 
mination of the direction of the currents in the solar 
atmosphere is indeed so important that it was included in | 
the programme of the observations to be made by Mr. 
Turner with his 4-inch finder, but no certain results were 
secured by this means, as the structure of the corona was 
apparently unusually complicated. In the spectroscope, 
however, one long streamer was observed to be much 
brighter near the limb, This is not absolutely conclusive 
evidence, but it has its value. 

‘““To return, however, to Prof. Tacchini’s other ob- 
servations. He found that the prominences which were 
visible both during totality and by the ordinary method 
presented very different appearances, so that we are 
driven to the conclusion that by the latter we only see 
part of the phenomena. This entirely accords with Mr. 
Lockyer’s recently published views, in which it is sug- 
gested that the metallic prominences seen near spots 
are really mixed up and down rushes, with probably an 
excess of the cooler descending material. Thus, for in- 
stance, the metallic prominences observed by the ordinary 
method after the eclipse were found to be only the 
central portions of those observed during totality, the 
part visible only during totality forming a whitish fiage 
round the more incandescent centre. Another very 
important observation was made. The ‘flash’ of bright 
lines, attributed by Prof. Young to the existence of a 
thin stratum which was supposed to contain all the 
vapours the absorption of which is registered by the 
Fraunhofer lines, was found to be due solely to the great 
reduction in the intensity of the light reflected by the 
earth’s atmosphere allowing the spectrum of the higher 
regions to be seen the moment the lowest stratum of the 
corona was covered by the moon. This is carrying the 
unveiling of the spectral effects by the increasing dark- 
ness recorded in the Egyptian eclipse to its furthest 
limit, and it harmonises all the observations of this kind 
made since the eclipse of 1870. 

“So much in the way of new facts and new ideas. We 
next come to the second kind of work, the testing of old 
ones. In this connection we have to refer to Mr. Turner’s 
work at Boulogne and Mr. Perry’s at Carriacou. Mr. 
Lockyer, before the eclipse of 1882, had been driven by a 
long series of experiments and observations to conclude 
that the lower part of the atmosphere was composed of 
successive strata giving different spectra, and that the 
sole cause of the difference was temperature. A test was 
possible during an eclipse, for then these lines of any 
substance seen to brighten when a higher temperature is 
employed in the laboratory should be seen shortest and 

He found that the prominences | 

| this year were the same as those recorded in 1882. 

brightest. The test was perfectly sharp and definite. It 
was applied during the eclipse of 1882, and the lines 
appeared as predicted. 

“So far, then, the hypothesis which had enabled a pre- 
diction to be made which was subsequently verified was 
worthy of confidence. But this was a reason for repeating 
the observations to put the hypothesis on a wider basis. 
Mr. Turner did this, and found that the facts observed 

It 
remains now for those who oppose Mr. Lockyer’s views to 
give a more simple and sufficient explanation of those 
facts than he has done. Mr. Perry was to have extended 
the test further, but he failed to make the critical obser- 
vation, as a large number of lines were seen, and those 
only for a short time, for the clouds came up directly after 
totality. 

“Capt. Darwin was charged with a test of a different 
order. It was stated, after the eclipse of 1871, that the 
light of the corona was in all probability strongly photo- 
graphic ; and in 1875 the evidence in this direction was 
greatly strengthened, and some attempts were made to 
utilise this quality to obtain photographs of the corona 
without an eclipse. The efforts failed. More recently 
Mr. Huggins has tried the same methods with great pre- 
cautions, and he has obtained appearances on his plates 
which resembled the corona, so that some thought that 
success had been achieved. The natural thing to do was 
to test the method during the progress of the eclipse to 
see if the appearances in question, due to atmospheric 
glare according to some, to the corona according to 
others, really resembled the corona when revealed by 
totality. Capt. Darwin’s work seems to leave no doubt 
that the effect is due to glare only, and that the corona 
has nothing to do with it. 

“Next as to new methods of attack. This year the only 
new method applied has been a change of the photo- 
graphic manipulator, with a view of obtaining a much 
larger number of photographs and increasing the size of 
the images at the same time, by using larger lenses of 
longer focus and secondary magnifiers. Along this line 
success has not been complete, because the photographs 
have not been actually taken, as this new work was under- 
taken by Mr. Lockyer and his party at Green Island, and 
was clouded out. In spite, however, of this want of photo- 
graphs, Mr. Lockyer will nct hear of want of success. He 
holds that the problem has been solved. 

“T have given an account of the work at Green Island, 
including the results of the rehearsals, and your readers 
will have been able in a large measure to form an opinion 
of their own. The improvement consists essentially in 
using four plates in one slide. The difficulty always has 
been in getting the slide in and out of position, so that 
the more plates we can work in one slide the more the 
difficulty and consequent loss of time are evaded. Another 
advantage lies in the use of a secondary magnifier, as by 
this means not only is the photographic image of the sun 
enlarged, but a system of cross wires can be introduced 
which permits of a perfect orientation of the picture ob- 
tained—that is, the exact east and west points on the cir- 
cumference can be determined with the utmost precision, 

_ and from this the position of the various phenomena with 
regard to the sun’s equator and poles. It can be easily 
imagined that on this point there must be no uncertain 
sound. 
“We next come to the photographic record obtained by 

old methods—that is, methods dating in the case of photo- 
graphy of the corona from 1852, and in the case of spec- 
trum photography from 1875. About twenty photographs 
of the corona have been obtained in all, and five photo- 
graphs of the chromosphere and lower regions of the 
corona. Mr. Maunder obtained seven of the corona, and 
could have obtained more, at Carriacou. Captain Darwin 
obtained six, and Dr. Schuster, we believe, five, at Prickly 
Point. 
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solar spectrum on the same plate—the only ones worth 
anything, have also been secured by Mr. Maunder. But 
we must not build too much on this, for, as I have said 
before, these photographs have not yet been developed ; 
but if only one good one has been received, the laboratory 
work it should set going will take at least one or two years 
before the teachings of the precious record are exhausted. 
The so-called ‘measurement’ of such photographs is 
worth next to nothing. 

“ Among the records obtained on this occasion must be 
classed the disk observations, now for the first time in- 
cluded in the ordinary routine of eclipse work. The point 
of a disk observation is that an observer is by its aid able 
to observe the outlying solar appendages under the best 
conditions, so far as the sensitiveness of the eye is con- 
cerned. For ten minutes before totality the observer is 
blindfolded, and at the mo nent of the totality he is led to 
a small aperture through which, the bandage over his eyes 
having been removed, he sees a black disk some 40 feet 
away, which shuts off the moon and the brighter interior 
portion of the solar atmosphere. The eye, therefore, being 
thus shielded, is in the best position to pick up faint 
streamers extending beyond the borders of the disk, and 
to note their positions and extension. Streamers were 
thus noted at Grenada, extending far beyond the limits 
seen in the ordinary way, but the air was so saturated with 
aqueous vapour and incipient cloud, even where substantial 
clouds did not make their appearance, that the failure of 
any of the observers to see the equatorial extension ob- 
served by Prof. Newcomb in the clear sky of Wyoming, 
at an elevation of 7000 feet, in 1878, by no means proves 
that the extension was not there. The question of the 
continual existence of an extension of matter of some sort | 
or other in the plane of the sun’s equator must be held to 
be still sab judice. 

“Capt. Archer at Fantéme Island, and Capt. Maling 
at Prickly Point, made disk observations fairly accordant. 
The former had greatly improved the disk provided him 
by surrounding it with concentric rings of wire, so that 
distances from the centre could be measured with the 
greatest accuracy. 

“The records obtained by Prof. Thorpe regarding the 
intensity of the light of the corona were sufficient in 
number to suggest that when they are reduced a value will 
be obtained to be placed side by side for purposes of com- 
parison with those previously obtained in 1870 and 1878. 
In this connection it may be remarked that the darkness 
of an eclipse must not be taken as a measure of the dim- 
ness of the corona, for, if the totality be longer, more of 
the brighter portion of the solar atmosphere will be covered. 
This was certainly the darkest eclipse seen since eclipse 
expeditions have been in vogue. This shows the import- 
ance of Prof. Thorpe’s work, for if successful it will give 
us the luminous intensity per unit of surface of different 
regions of the solar atmosphere, as well as the intensity 
of the total light emitted. 

“The preceding sketch of the results obtained has of 
necessity been of the most general character. Not tillall 
the observations are published in detail, as they doubtless 
will be at no very distant date by the Royal Society, 
and not till they have been discussed by those competent 
to discuss them, can a final verdict as to their value be 
given. We have of set purpose dealt only with the con- 
clusions which lie on the surface.” 

NOTES 

THE death of Alessandro Dorna, Director of the Astronomical 
Observatory of Turin, took place on August 19 last, at the age 
of sixty-one years. 

THE annual Congress of the Sanitary Institute of Great 
Britain commenced on Tuesday in York. Sir T. Spencer Wells, 
the President, commenced his inaugural address by expressing 

the hesitancy with which he accepted the position of President 
of the Congress, a hesitancy induced by the knowledge that he 

could not presume to appear before a body of sanitary experts 
as an instructor. Having referred to questions which had been 
dealt with in regard to sanitary science by his predecessors in 
the Presidential chair, he observed that it now remained to be 

considered how sanitary improvements might be carried still 
further by the co-operation of investigators, legislators, and ad- 
ministrators. As to the work of investigation, it had hitherto 
for the most part been personal, and the waste of labour had 
been enormous. The Institute must develop into something 
grander and more powerful. The Colleges of Physicians and 

Surgeons had done much, but it was rather for individual than 

collective good, Why should we not have a College of Health ? 
The President then reviewed the work which those whom he 

called the ‘‘advanced guard of sanitary science” had accom- 
plished, in lessening the death-rates of our population, and in 

benefiting the public health by prolonging life. Much of this 

he attributed to the coincident progress made in the science and 
art of medicine and surgery. He claimed for the medical pro- 
fession a considerable share in the gain to the State of increas- 
ing numbers of more healthy subjects. We could not be far 

wrong if we put the average duration of human life in Great 
Britain half a century ago at about thirty years ; now, according 

to the healthy life table, it was forty-nine years, Formerly it 
was calculated that a twenty-third part of the population was 
constantly sick, and the products of all that labour for the time 

necessarily withdrawn. <A great deal of this sickness had been 
altogether prevented, and the duration of that which comes in 

spite of sanitation was lessened. He then dealt with the pro- 

gress which had been made, since the Sanitary Institute had 
come into existence, in the moral and physical condition of our 
population. Dealing then with the various subjects to which 
the Institute had given attention, he divided them into five 
groups: (1) those relating to the training and health of the 
population ; (2) to their social comfort and well-being ; (3) to 

the prevention of disease; (4) to the care of the sick ; and, 

lastly, those relating to the disposal of human refuse and re- 
mains. As to teaching the public on sanitary matters, it could 
never be done without elaborate organisation and legislative 

authority. 

One of the tasks undertaken by the authorities of the British 
Museum since printing has taken the place of handwriting in 

the Catalogue is the publication of certain important sections of 

the Catalogue in separate parts. Thus the entries under 

America, Cicero, Luther, London, and many others have 

already appeared. ‘The last of these is one of special scientific 

interest: it isa reprint of that part of the Catalogue which ‘is 
classified under the head Academies. The definition of 
academies for the purpose is ‘‘ Learned and Scientific Socie- 

ties.” The entries fill five parts, making a thick folio volume 
of about one thousand pages. In the great written Catalogue, 
which is well known to all readers, twenty-eight volumes 
were given to this one subject. The headings have been 

thoroughly revised throughout, and the names of a number 
of societies have been expunged, to be placed under more 

appropriate headings. Thus, agricultural societies, schools, 

political clubs, &c., which had crept into the Catalogue 
by degrees in course of time, have all been omitted. As 

it is, the total number of entries is about 32,000. ‘‘ Lon- 

don” is the longest sub-heading; it fills nearly 290 pages, 
with about 6500 entries. Paris, St. Petersburg, and Berlin 

have about 3000 entries each; Vienna and Amsterdam about 

1000, Towns are used for sub-headings, and under these are 

arranged alphabetically the names of the societies issuing the 
publications. The old sub-headings of countries have been 
abolished. Formerly the sub-headings would read thus :— 
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“« Academies, &c., Great Britain and Ireland,—London, Royal 

Society.” The towns are now arranged alphabetically, regardless 
of countries. Only completed series are fully entered ; works in 

progress are, according to the rule of the Museum, catalogued 
with the date of the first volume, and the words ‘‘in progress.” 
The work covers the greater part of the scientific literature of 
the world ; when the Catalogue of ‘‘ periodical publications” is 

finished, there will be little relating to science which cannot be 
found under appropriate heads in one or the other. It seems 
like looking the gift-horse in the mouth, but we cannot refrain 
from observing that the value of these five volumes would 
be enormously increased if some approximation to a subject 
index could be added to them. It would be a simple task to 

have headings Chemistry, Microscopy, Geology, &c., under which 
were given the names of the towns where societies on these 

subjects are to be found. The student would then have before 
him at a glance the names of all the societies on the globe work- 

ing at any particular subject. Instances will present themselves 

to every student in which the first name of a society, and that 
by which it has to be sought in the Catalogue, does not always 

indicate the sphere of work of the society. The price of the 
Catalogue unbound is, it should be added, a sovereign. 

THE small launch Vo/fa, which is propelled by the electric 
current, in a method invented by Messrs. Stephens and Co., of 

Millwall, left Dover on Monday morning last week on her 
voyage across the Channel. The hull of the Volta is 37 feet 

long and nearly 7 feet beam, built: of galvanised steel plates. 

She has a very light appearance in the water. Her bow is about 

2 feet above the water-line, and from this point down towards 
the stern she gradually reduces the depth of her gunwale. 
deck is nearly or quite on a level with the water. Below the 
deck, which is securely fastened down, are placed the electric 

accumulators, all coupled together with the coils. They are 

little square boxes about 6 by 12 inches, and are wedgel in 

closely together so as to prevent shifting, and to fill the whole 

of the space below the deck. The propelling power consists of 

sixty-one accumulators, and a pair of Reckenzaun electromotors, 

also placed beneath the floor, so that the whole of the boat is 
available for passenger accommodation. The motive-power is 

under complete control, and the speed can be regulated to what- 

ever rate is required. The speed of the launch is regulated by 
a main switch, and there are special switches for going astern, 

the whole of the apparatus being easily managed by one man. 

The power of the motors may be varied at will fron 4 horse- 

power to 12 horse-power, whilst the screw-propeller, which is 
coupled direct to the motor-shaft, makes from 600 to 1009 revo- 
lutions per minute, according to the position of the switch 
handle. The Vota returned to Dover shortly before 8 o’clock, 

having completed a voyage which is regarded as a great scientific 

success. When the boat arrived at Calais it was found that the 

amount of electricity remaining in the accumulators warranted 

the return journey being attempted. When the voyage was 
completed, the current from the accumulators was still powerful, 

notwithstanding that during the last half-hour of the journey the 

launch had been driven at the rate of 14 miles an hour, and 

rushed through the water at such a rate as nearly to throw it 
over her bow. The total distance traversed was about 50 miles. 

During the voyage the speed was varied at will by means of the 

switch. The experiment is regarded by all those on board as a 

success far in advance of anything they expected. An incident 
occurred on the passage which illustrates the noiselessness of 

the little vessel. . About mid-Channel the pilot observed a sea- 

gull floating asleep on the water. The boat was steered close to 
the bird, which was caught by the neck by one of those on 
board, and brought alive to Dover. 

INTELLIGENCE has been received from Lieut. Schwatka, who 

was sent to Alaska in command of an exploring Expedition by 

Her | 

the proprietors of the Mew York Times. On the way to Mount 

St. Elias, which dominates the range to which the same name 
has been given, the party crossed a river, the existence of which 
had been hitherto unknown. At a distance of eight miles from 

the mouth it is a mile in width, and its current flows at the 

rate of ten miles an hour. This is thought to be the largest 
river that enters the Pacific Ocean, and the glacial mud it brings 
down with it discolours the waters of Icy Bay for some miles 
out to sea, The river has been named Jones River, after Mr. 

George Jones, of New York, one of the promoters of the Ex- 
pedition. To the east the explores saw a glacier twenty miles 
wide, which extended for fifty miles along the base of the St. 

Elias Alps. Assuming the land beneath it to be flat, the 

thickness of this glacier is about 1090 feet. It was named 

after Prof. Agassiz. Another glacier, to the westward, was 

named after Prof. Guyot. After three days’ marching, Lieut. 
Schwatka and his party came upon a third glacier, which they 
named in honour of Prof. Tyndall. From this point they 

resolved to make a final dash as far as they could go into the 

heart of this grand but desolate icy region. At the end of twenty 

hours’ labour they came in sight of the south side of the great moun- 
tain to which belongs the icy girdle along which they had been 

travelling. They saw before them glaciers rising, sometimes 

perpendicularly, to heights varying from 300 to 3000 feet. The 
Tyndall glacier, comparatively safe so far, was safe no longer. 

Enormous crevasses, some as much as 30 feet across, now be- 
came frequent; and the bands of ice between them were so 
narrow, that, in places, the explorers appeared to themselves to 
be walking on a bridge like that of a house roof, with a chasm 
hundreds of feet deep on each side. These and other diffi- 
culties, such as are familiar to Alpine climbers, had been sur- 

mounted until a height of 7200 feet above the level of the sea 
had been attained. As nearly the entire journey was above the 

snow-level, this ranks among the best climbs on record. The 

Lieutenant telegraphs that he hopes, by renewing his attempts 
upon the mountain on its northern and eastern sides, to make 

further contributions to geographical science, and perhaps to 

ascend the mountain to a greater height ; but the probability is 
that Mount St. Elias will long remain an unscaled peak. Mr. 
Seton Karr states that the whole region is vastly superior to any 

other mountainous district with which he is acquainted. One 

incident of the journey was the disc very of three peaks, ranging 

from 8000 feet to 12,000 feet in height, which were severally 

named after President Cleveland, Mr. Secretary Whitney, and 

Capt. Nicholls. 

Last autumn a few science classes were started as a pre- 
liminary experiment in rooms belonging to the Royal Victoria 

Hall, at the nominal fee of Is. on first entrance and Is. 6d. 

per class for the session. The success achieved has encouraged 
the promoters to extend the scheme, and this year it is intended 

to hold classes in mathematics, chemistry, animal physiology, 

drawing, arithmetic, geometry, electricity, political economy, 
and English literature. Some of these classes will be in con- 

nection with South Kensington. Last year they were welcomed 

in the most enthusiastic way by the comparatively small 
number who knew of their existence; no pains were taken to 
advertise them, as it seemed likely the numbers would exceed 

the available accommodation. This has now been improved, 
and it is hoped that a very useful branch has been added to the 
work at the Hall. The entertainments, concerts, and lectures 

which go on in the large hall are in no way interfered with 
thereby ; in fact the lectures gain by the existence of systematic 
instruction to which they lead up. Those at present announced 
are: October 5, Mr. W. L. Carpenter, on ‘‘ What may be done 
with a New Lantern” ; October 12, Dr. W- D. Halliburton, 

on ‘‘ The Germs of Disease” ; October 19, Prof. Judd, on “A 

Piece of Pumice-Stone.” 
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Tue Canadian salmon on view in the Canadian Section of the 

Colonial and Indian Exhibition which were hatched out last 

April in the building are thriving well. 

THE Indian fish lately imported into the Aquarium of the 

Colonial and Indian Exhibition from Calcutta seem thoroughly 

at home in their artificial existence. There are two species on 

view, viz., the Sacchobranchus fossilts, or scorpion fish, and the 

Ophiocephalus striatus, or walking fish. A large consignment 

of German carp has just arrived, together with some Chinese 

goldfish and specimens of S7/uris glanis. 

THE first field-meeting of the County of Middlesex Natural 
History and Science Society was held on Saturday, the r8th 

inst., at Hampsiead and Highgate. Between 60 and 70 mem- 
bers assembled at Hampstead Heath Station at 2.30 p.m., and 

were conducted thence by the Rev. F. A. Walker, D.D., and 

Mr. Clement Reid, F.G.S. Passing along the top of the Vale 

of Health to ‘‘ Jack Straw’s Castle,” the party proceeded along 

the northern side of the Heath and reached ‘‘ The Spaniards ” 
about 4.30. At different points on the route the geology and 

physical features of the district were explained by Mr. Reid. 
At ‘‘ The Spaniards” the party were unexpectedly met by Mr. 
Goodwin, of Highgate, who had obtained the kind permission 

of Lord Mansfeld for the members to walk through the Park. 
Mr. Goodwin conducted the microscopical section to the ponds. 
where they were richly rewarded. Leaving the Park, the party 

proceeded to Highgate Schools, where they were received 

by Dr. McDonall, the head master, entertained at tea by the 

honorary secretary, Mr. Klein, and they afterwards inspected 

the collections of insects, mostly collected and arranged by Dr. 
Walker. At 7 o’clock the members assembled in the theatre 

of the Highgate Institute, where, after some short notes by Mr. 

Lloyd, the honorary secretary of the Institute, on ‘* High- 
gate and Highgate Worthies,” Mr. Mattieu Williams read a 

short paper upon ‘‘ Some Peculiarities of London Atmosphere,” 
which was followed by a discussion, in which Messrs. W. 

L. Carpenter, RK. Hammond, and others took part. The Rev. 

Dr, Walker then made some interesting remarks on the different 

orders of insects represented in the collections of the Highgate 

Schools. 

Science reports that Captain Dutton, of the United State; 

Geological Survey, has recently been engaged in studying Crater 
Lake in Oregon, which he has found to be probably the deepest 

body of fresh water in the country. Boats were transported 
over a hundred miles of mountain road from Ashland, and had 

to be lowered goo feet to the water. The steepness of the wall 

_ of the lake was very great. The depths ranged from 853 to 
1996 feet, the average being about 1490 feet. The descent to 

the lake is partly over talus, covered with snow above, and rocky 
broken ledges lower down. 

THE works for deepening the Seine to a depth of 3 metres 

have been finished. The river can now be navigated by vessels 
of about Iooo tons burthen, which are supplied with movable 
masts and chimneys for the bridges. : 

WE have received the report of the Otago Acclimatisation 

Society for the past year. The operations of the Society have 
been almost entirely confined to pisciculture, and apparently 
must be so for some years owing to the spread of poisoned grain 
over the country, and to the increase of the natural enemies of 

the rabbit, which are also the natural enemies of birds. But in 

pisciculture much has been done, and much more remains to be 

done, for the salmon and the herring are not yet numbered 

amongst New Zealand fishes. An experiment, which has so far 
been successful, for the introduction of the Sa/mo salar has been 

made ; similarly in the cases of Loch Leven trout, Sa/mo fon- 
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tinalis, and brown trout. Brown trout have been acclimatised 

with such success, that the Society is in a position to supply an 

almost unlimited demand for ova, as well as to provide liberally 

for the requirements of New Zealand streams. ‘The late secre- 

tary, Mr. Arthur, had begun the collection of a series of data 

from which he hoped to gain some information respecting the 
sea-fish of New Zealand, and ultimately to arrive at something 
definite in regard to the nature and habits of some of the most 

important of them. The collection and tabulation of these 

returns and the important investigations of Mr. Arthur are being 

continued by Mr. Thomson. It is perhaps scarcely necessary to 
add that Sir James Maitland has seconded the efforts of the 
Society in acclimatising Sa/monide in every pos-ible way. The 
only wonder is that important public work of this nature should 
be left wholly to private endeavour. 

A ‘‘transportable electric lighthouse” has been lately in- 
vented by M. Beduwe, a builder in Li¢ge. The idea is, to 
furnish the light in any place on short notice ; and it is thought 

the apparatus might prove useful in public works, cases of 

accident, gatherings in public places, /é¢es, &c. The con- 
stituent parts are (1) a telescopic system of copper tubes bearing 
the light; (2) a three-cylinder steam-engine to drive either a 

Gramme machine, or a suction and force pump ; (3) a vertical 

boiler on the tubular system; and (4) a reservoir for water. 

The whole is mounted on a four-wheeled carriage. The light is 

raised by hydraulic force. Further details may be found in Ze 

Génie Civil of September 4. 

THE first number of a monthly scientific journal made its 

appearance at Rio de Janeiro on July 25 in connection with the 
Philotechnic Institute of that city. It bears the title of Revista 
Philotechnica, and takes the place of the recently defunct Revista 

Polytechnica, Its object will be the practical and experimental 
study of the sciences, and of their application especially to the 
development of the arts and industries in Brazil. The first 

number contains papers on practical astronomy, by F. Behring ; 
on building materials, by F. de Sa; and on practical chemistry, 

by Ad. Uchda, chief editor. 

A New York telegram states that several detonations and 

tremors occurred at Summerville between Saturday night and 

Monday night, and three shocks of earthquake, two of which 
were accompanied by detonations, were also felt there early on 

Tuesday morning. At Charleston three shocks of earthquake 

occurred on Monday night, one of which, at about daybreak, 

shook the houses to such an extent that many of the occupants 

ran terrified into the streets. One of the shocks was accom- 
panied by detonations. 

THE additions to the Zoological Society’s Gardens during the 

past week include a Malbrouck Monkey (Cercopithecus cyno- 

surus 2) from West Africa, presented by the Rev. H. R. 

Moolenaar ; a Black-backed Jackal (Canzs mesomelas) f:om West 

Africa, an Algerian Tortoise (Zestads mauritanica) from North 

Africa, presented by Mr. A. T. Marsh ; two Elegant Galidias 

(Galidia elegans) from Madagascar, presented by Mr. Burt. C. 

Muller; two Black Rats (AZus rattes) from Sark, Channel 

Islands, presented by Mr. W. F. Collings; a Bateleur Eagle 

(Helotarsus ecaudatus) from Lamoo, East Africa, presented by 
Dr. W. Somerville; a Wild Duck (Axas boschas), European, 

presented by Mr. K. Lawson; a Barn Owl (Stix flammea), 

European, presented by Mrs. E. Holloway ; a Common Mar- 
moset (Hapale jacchus), two Black-eared Marmosets (afale 

penicillata) from South-East Brazil, a Common Otter (Lutra 

vulgaris), British, two Ariel Toucans (Ramfhastos ariel) from 

Brazil, deposited ; a Common Crowned Pigeon (Gozva coronata), 

two Auriculated Doves (Zenaida auriculata), bred in the 

Gardens. 
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OUR ASTRONOMICAL COLUMN 

PHOTOGRAPHIC DETERMINATIONS OF STELLAR POSITIONS. 
—Dr. B. A. Gould, in a paper presented at the Buffalo meeting 
of the American Association for the Advancement of Science 
on August 20, 1886, gives some interesting particulars with re- 
gard to his photographic work at Cordova. He states that no 
northern stirs were photozraphed there except the Pleiades and 
the Preesepe. On the Pleiades plates all but one of Bessel’s 
stars are found, which fall within the limits of the field; the 
missing one being of the magnitude 94, whilst there are depicted 
on the plates other stars of the magnitudes 10, 103, and 11. 
About seventy southern clusters have been repeatedly photo- 
graphed at Cordova, also more than a hundred double stars, 
whilst the total number of photographs which Dr. Gould has on 
hand for measurement is about 1300, only a few having been 
preserved in which the images are not circular. In addition to 
these classes of objects, special attention was given for many 
years to taking frequent impressions, at the proper seasons, of 
four stars selected, on account of their large proper motions, as 
likely to manifest appreciable annual parallax. All but one of 
these four stars—8 Hydri—have been included in the lists 
observed and discussed by Drs, Gill and Elkin at the Cape. 
Still, it will be a matter of much interest to apply the photo- 
graphic method of investigation to the same problem, even 
if for no other purpose than a comparison of the re- 
sults of the two methods. With regard to the progress 
made in the measurement of the Cordova photozraphs, Dr. 
Gould states that the measurements thus far completed are those 
of the double stars, the four stars with large prop2r motion, the 
Pleiad-s, the Praesepe, and the clusters Lacaille 4375 and 
« Crucis. The correspondinz computations have been made as 
yet only for a portion of the Pleiades plates, but it is expected 
that all these will be completed at a comparatively early 
date. The results deduced from the Pleiades photographs will 
be looked for with much interest, especially as Dr. Elkin has 
recently executed at Yale College a heliometric triangulation of 
the principal stars of the group, and the comparison of the 
results will be a severe test of the photographic method for the 
determination of stellar positions. But astronomers expect good 
work from Dr. Gould, and they are not likely to be disap- 
pointed. Dr. Gould’s paper is published in the Scientific 
American Supplement, No. 556. 

Gorr’s Nova Ortonts.—Rev. T. E. Espin announces in 
Circular No. 9 of the Liverpool Astronomical Society that, 
observing on the night of September 14, he found the Mova 
to have a magnitude of 9:2. ‘The star, he says, appeared very 
red. The small comes / was estimated as of 9°7 magnitude. 

HELIOMETRIC OBSERVATIONS OF THE PL¥IADES.— We 
learn from Science, vol. viii. No. 187, that at the recent meeting 
of the American Association Dr. Elkin communicated a paper 
upon a comparison of the places of the Pleiades ax determined 
by the Konigsberg and Yale College heliometers. The results 
given were provisional, but they show unquestioned change of 
position with reference to 7 Tauri since 1860. Most of the 
brighter stars of the group, as shown by Newcomb in _his 
“Catalogue of Standard Stars,” go with » Tauri, but among 
the smaller stars there are unquestioned departures from this 
community of proper motion. 

GouLD’s ‘‘ ASTRGNOMICAL JOURNAL.”—Our readers will be 
glad to learn that there is a prospect of the publication of this 
valuable periodical being resumed. The American Association 
at the recent meeting passed a unanimous resolution congratu- 
lating Dr. Gould on the proposed revival of the ¥owrna/, and 
expressing its best wishes for his success. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 SEPTEMBER 26—OCTOBER 2 

(FOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on September 26 
Sun rises, 5h. 54m. ; souths, 11h. 51m. 17°45. ; sets, r7h. 48m. ; 

decl. on meridian, 1° 19’ S.: Sidereal Time at Sunset, 
18h. tom. 

Moon (New on September 27) rises, 3h. 42m. ; souths, roh. 37m. ; 
sets, 17h. 19m. ; decl. on meridian, 7° 12’ N, 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. m. an 

Mercury 5 42 Tid) See 1750 o 34N. 
Venus ... 4 12 FO 50 5.. 17 28 6 44N. 

_ Mars LOA 5) Sere 5 eS kee melO 2. 19 32S. 
Jupiter... 6840" 55 2e 30M ees ero 4 18S. 
Satupnse wees ee Sue Siaive- in yar XiLue ees nEnaeT 4 21 28N. 

* Indicates that the rising is that of the preceding evening. 

Sept. h. 

2ON raety, Venus in conjunction with and o° 34’ north 
of the Moon. 

287 = 3 Mercury in superior conjunction with the 
Sun. 

Variable Stars 
Star R.A. Decl. 

h, m. BO h m. 
Algol 3 08... 40 31 N. ... Sept.29, 3 43 m 

Oct. 2, © 31 m 
A Tauri 3/54°4 ... 12-10 Ni... 3) | 2 ueSeons 
¢ Geminorum 6 574... 20 44N. ... Sept. 29, 2 48 
T Geminorum 7 42:51... 24) 1 Ne a Octane AL 
6 Librze = 14/5459... 8 4S. /.-. Sept. 285) leases 
U Corone ... » 15 13°6 2.32) 4. Nii. 50 28hegneees 
U Ophiuchi... . 17 10°8 I 20\N..%. 4, 28) stomps 

21 28 m 
W Sagittarii 17. 57 :8:0ce 29) 35) 5e0es> | ys) Oe ORO 
U Sagittarii... 18 25:2"... TO) 12'S.) <.2) 4) 2s O MONA 

Oct. 1, 6 ‘oe 
R Lyrz 18 519 ... 43 48 N. ... Sept. 28, m 
S Vulpeculee NOWAR ieee jie OF Nicene ane m 
5 Cephei 22) 24:9)... 57 SON: =... Octo 2, mi 

M signifies maximum ; 7 minimum. 

Meteor Showers 

The Aurigids, R.A. 85°, Decl. 50° N., the Ayuarids, R.A, 
33, Decl. 2° S., and meteors from the following radiants have 
been obse-ved at this time :—From Musca, R.A. 46°, Decl, 26° 
N. 3; nears Aurigee, R.A. 70°, Decl. 32° N. ; and near a Cephei, 
R.A. 315°, Decl. 62° N. 

Stars with Remarkable Sp-ctra 
Name of Star R.A. 1886'0 Decl. 1886°0 Type of 

boy bry a . : spectrum 
TArietisste. eat Q2ATMG Tite ce DC WG OUNE ES IIL 
D.M. + 8° 443 2rATE Soa...) I g2eR IN ILL. 
PATIGHS) pee eee 2N AOR 230 ns aly) wy ocmeN IIL. 
a Ceti ZESORUSu 8 Sek Onsen! II. 
p Persei fe 2 57 50 38 23°9 N III. 
D.M. + 57° 702 3 240 57 28:2 N IV. 

THE BRITISH ASSOCIATION 

SECTION G 

MECHANICAL SCIENCE 

OPENING ADDRESS BY SIR JAMES N. Douctass, M.InsT.C.E., 
PRESIDENT OF THE SECTION 

. . . I propose to address you on a subject with which I have 
been practically connected for nearly half a century, that is, the 
development of lighthouses, light-vessels, buoys, and beacons, 
together with their mechanical and optical apparatus. . . . 

During the last century a very considerable increase has oc- 
curred in the number of lighthouses and light-vessels on the various 
coasts of the world, which have been requi-ed to meet the rapid 
growth of commerce. Only during the last twenty-five years 
can accurate statistical information be obtained, and it is found 
that in the year 1860 the total number of coast lights throughout 
the world did not exceed 1800, whereas the present number is 
not much less than 4000. . 5 

Concurrently with the enormous increase in the number of 
coast lights during the last fifty years, very great improvements 
have been effected from time to time in their efficiency. In 1759 
Smeaton’s lighthouse on the Eddystone was illuminated by 24 
tallow candles, weighing 31b. each. ‘The intensity of the light 
of each candle, I find, from experiments made with similar 
candles prepared for the purpose, to have been about 2°8 candle 
units each ; thus the aggregate intensity of radiant light from the 
24 candles was only about 67 candle units. No optical apparatus, 
moreover, was used for condensing the radiant light of the 
candles, and directing it to the surface of the sea. The con- 

ee 
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sumption of tallow was about 3°4 lbs. per hour; therefore, the 
cost of the light per hour, at the current price of tallow candles, 
would be about ts. 6$¢., sufficient to provide a mineral oil light, 
at the focus of a modern optical apparatus, to produce for the 
service of the mariner a beam of about 2400 times the above- 
mentioned intensity. 

The introduction of catoptric apparatus for lighthouse illu- 
mination appears to have been first made at Liverpool, about 
1763, and was the suggestion of William Hutchinson, a master 
mariner of that port. The invention by Argand, in 1782, of 
the cylindrical wick lamp, provided a more efficient focal lumin- 
ary than the flat wick lamp previously employed, and was soon 
generally adopted, for both fixed and revolving lights. In 1825 
the French lighthouse authorities effected another very important 
improvement in lighthouse illumination by the introduction of 
the dioptric system of Fresnel in conjunction with the improve- 
ments of Arago and Fresnel on the Argand lamp, by the addi- 
tion of a second, third, and fourth concentric wick. 

Coal and wood fires, followed by tallow candles and oil, have 
been referred to as the early lighthouse illuminants. In 1827 
coal gas was introduced at the Troon Lighthouse, Ayrshire, and 
in 1847 at the Hartlepool Lighthouse, 1 urham, the latter for the 
first time in combination with a first-order Fresnel apparatus. 
The slow progress made with coal gas in lighthouses, except for 
small harbour lights, where the gas could be obtained in their 
vicinity, was chiefly due to the great cost incurred in the manu- 
facture of so small a quantity as that required and at an isolated 
station. In 1839 experiments were made at the Orford Low 
Lighthouse, Suffolk, with the Bude light of the late Mr. Golds- 
worthy Gurney. This light was produced by throwing oxygen 
gas into the middle of a flame derived from the combustion of 
fatty oils. The flame was of the dimensions of that of the 
Fresnel four-wick concentric burner. An increased intensity over 
that of the flame of the large oil burner was obtained, but it was 
not found to be sufficient to justify the increased cost incurred. 
In 1857 a trial was made by ihe Trinity House, at Blackwall, 
under the advice of Faraday, with one of Holmes’s direct cur- 
rent magneto-electric machines for producing the electric are 
light for a lighthouse luminary, and the experiment was found to 
be so full of promise for the future that a practical trial was 
made during the following year. 

At the South Foreland High Lighthouse, on December 8, 
1858, the first important application cf the electric arc light, as 
a rival to oil and gas for coast lighting, was made with a pair of 
Hclmes’s machines, and thus were steel magnets made to serve 
not only, as in the mariner’s compass, to guide him on his path, 
but also to warn him of danger. In 1859 the experimental trials 
at the South Foreland were discontinued, but they were <uffi- 
ciently encouraging to lead to the permanent installation of the 
electric light at Dungeness Lighthouse in 1862. In 1863 the 
electric arc light was adopted by the French lighthouse authorities 
at Cape La Héve. 

In 1871, after practical trials with a new alterrating current 
machine of Holmes, two of such machines were supplied to a 
new lighthouse on Souter Point, coast of Durham, and in the 
following year the electric arc light, with these machines, was 
established in both the High and Low Lighthouses at the South 
Foreland, where it «till shines successfully. The early experience 
with the electric light at Dungeness was far from encouraging. 
Frequent extinctions of the light occurred from various causes 
connected with the machinery and apparatus, and the oil light 
had, at such times, to be substituted. As no advantage can 
counterbalance the waut of certainty in signals for the guidance 
of the mariner, no further step in the development of the electric 
light was taken by the Trinity House until the latter part of 
1866, when favourable reports were received from the French 
lighthouse authorities of the workingof the Alliance Company's 
system at the two lighthouses of Cape La Héve. Complaints 
were also received from mariners, in the locality of Dungeness, 
of the dazzling effect on the eyes when navigating, as they arethere 

_ frequently required to do, close inshore, thus being prevented from 
rightly judging their distance from this low and dangerous point. 
Therefore, in 1874, the electric light was removed from Dunge- 
ness, and a powerful oil light substituted. In 1877 the electric 
arc light was installed at the Lizard Lighthouses on the south 
coast of Cornwall, and arrangements are now being made for 
establishing it at St. Catherine's Lighthouse, Isle of Wight, and 
at the High Tower, on the Isle of May, Firth of Forth. I have 
mentioned that the first machines of Holmes at the South Fore- 
land were direct current, the machines provided by him for 

Dungeness ‘being also of the same type. The French lighthouse 
authorities, however, adopted for their lighthouses at Cape La 
Héve the ‘Alliance’ alternating current magneto-electric 
machines, and, in consequence of the less wear and tear of these 
machines with greater reliability through their having no com- 
mutator, Holmes was required to supply alternating current 
machines for Souter Point and the South Foreland. Those 
machines have been running at these stations fourteen years and 
fifteen years respectively. They have during this period required 
only a very trifling amount of repair, and are still in excellent 
order, but the time must soon arrive for replacing them by 
more powerful machines. 

In 1876 a series of trials was made by the Trinity House at 
the South Foreland, with various dynamo-electric machines, for 
the purpose of ascertaining the then most suitable machine for 
adoption at the Lizard. The results were decidedly in favour of 
the Siemens direct current machine, and machines of this type 
were accordingly installed at the Lizard Station in 1878. In 
consequence of irregularities in their working, and because, at 
the time, Baron de Méritens, of Paris, had perfected a very 
powerful alternating current machine, it was resolved to send one 
of the latter machines to the Lizard for trial, where it has worked 
most satisfactorily for several years. The experience gained at 
the Lizard suggested that, for the St. Catherine’s Station, where 
it had been resolved to adopt the electric arc light, the De 
Meritens machines should be employed, and they were accord- 
ingly ordered ; but, as arrangements were then being made for 
experiments at the South Foreland for testing the relative merits 
of electricity, gas, and oil as lighthouse illuminants, it was 
determined that these machines should first be sent there for the 
experiments. In 1862 a practical trial was made by the Trinity 
House at the South Foreland of the Drummond or lime light, 
but the results were not so satisfactory, after experience with the 
electric arc light, as to encourage its adoption. In the mean- 
time the successful development of the electric are light for 
lighthouse illumination very soon acted as a keen stimulus to 
inventors of burners for producing gas and oil luminaries for the 
purpose ; in 1865 the attention of lighthouse authorities was 
directed to the gas system of Mr. John R. Wigham, of Dublin, 
which system was tried in that year by the Commissioners of Irish 
Lights at the Howth Bailey Lighthouse, near Dublin, and in 
1878 he introduced at the Galley Head Lighthouse, county Cork, 
his system of superposed gas burners. At this lighthouse four 
of his large gas burners and four tiers of first-order annulzr lenses, 
eight in each tier, were adopted. By successive lowering and 
raising of the gas flame at the focus of each tier of lenses, he had 
previously produced the first group flashing distinction. This 
light shows, at periods of one minute, from ordinary annular 
lenses, instead of the usual long flash, a group of short flashes, 
varying in number between six and seven. The uncertainty, 
however, in the number of flashes contained in each group is 
found to be an objection to the optical arrangement here 
adopted. In the meantime the attention of the Trinity House, 
the Commissioners of Northern Lights, and the French light- 
house authorities was being directed to the question of substi- 
tuting mineral oil for colza as a lighthouse illuminant. In 
1861 experiments were made by the Trinity House for the 
purpose of determining the efficiency and economy of mineral 
oils in relation to colza for lighthouse illumination; but, owing 
to the imperfectly-renmed oil then obtainable and its high 
price, the results were not found to be quite so satisfactory as 
to justify a change from colza oil, at that time generally used. 
In 1869 the price of mineral oil, of good illuminating quality 
and safe flashing-point, having been reduced to about one-half 
the price of colza, the Trinity House determined to make a 
further series of experiments, when it was ascertained that, with 
a few simple modifications, the existing burners were rendered 
very efficient for the purpose, and a change from colza to 
mineral oil was commenced. It was found, during these ex- 
periments, that the improved combustion effected in the colza 
burners, in their adaptation for consuming mineral oils, had 
the effect of increasing their mean efficiency, when burning 
colza, 45} percent. A further advance was made during these 
experimei ts by increasing the number of wicks of the first-order 
burner from four to six, more than doubling the intensity of 
the light, while effecting an improved compactness of the 
luminary per unit of focal area of 70 per cent. 

With coal fires no distinctive characters were possible beyond 
the costly ones of double or triple lighthouses. There are at 
present not less than 86 distinctive characters in use throughout 
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the lighthouses and light-vessels of the world ; and, as their 
numbers increase, so does the necessity for giving a more clearly 
dlistinctive character to each light over certain definite ranges 
of coast. This important question of affording to each lisht 
complete distinctive individuality is receiving the attention of 
lighthouse authorities at home and abroad, and it is hoped that 
greater uniformity and consequent benefit to the mariner will 
be the result. 

During the old days of sailing-vessels, when the duration of 
voyages was so uncertain, sound-signals, as aids to the mariner, 
were but little demanded. The seaman on approaching the 
coast in fog trusted entirely to his lead, and, when he found 
circumstances favourable for doing so, he anchored his vessel 
until the atmosphere cleared. But, since the application of 
steam to navigation, with keener competition in trade, these 
conditions have been entirely changed. The modern steam- 
vessel is expected to keep time with nearly the same degree of 
precision as a railway train, and it is evident that, even with the 
utmost care and attention onthe part of her commander, this 
requirement cannot possibly be fulfilled, and collisions and 
strandings must occur, unless efficient sound-signals for fog be 
carried by each vessel, and powerful signals of this class be pro- 
vided at lighthouse and light- vessel stations. 

These circumstances have led to a rapid development of fog- 
signals, both ashore and afloat, there being now about 700 of 
these signals, of various descriptions, on the coasts of the world. 
We therefore find, as might have been naturally expected, that 
coast fog-signals have been made, by lighthouse authorities, the 
subject of careful experiment and scientific research ; but, un- 
fortunately, the practical results thus far have not been so satis- 
factory as could bz desired, owing (1) to the very short range of 
the most powerful of these signals under occasional unfavourable | 
conditions of the atmosphere during fog ; and (2) to the present 
want of a reliable test for enabling the mariner to determine at 
any time how far the atmospheric conditions are against hin in 
listening for the anxiously expected signal. In 1854 some 
experiments on different means of producing sounds for coast 
fog-signals were made by the engineers of the French light- 
house department, and in 1861-62 MM. Le Gros and Suint- 
Ange Allard, of the Corps des Ponts et Chausées, conducted a 
series of experiments upon the sound of bells and the various | 
methods of striking them, 

In 1863-64 a Committee of the Elder Brethren of the Trinity 
House made some experiments at Dungeness upon various fog- 
signals, In June 1863 a Committee of the British Association 
memorialised the then President of the Board of Trade, with 
the view of inducing him to institute a series of experiments 
upon fog-signals. The memorial, after briefly setting forth a 
statement of the nature and importance of the subject, described 
what was then known respecting it, and several suggestions 
were made as to the nature of the experiments recommended. 
The proposal does not appear to have been favourably enter- 
tained by the authoritie, to whom it was referred, and the 
experiments were not carried out, 

In 1864 a series of experiments was undertaken by a Com- 
mission appointed by the Lighthouse Board of the United 
States, to determine the relative powers of various fog-signals 
which were brought to the notice of the Board. 

In 1872 a Committee of the Trinity House visited the United 
States and Canada, with the object of ascertaining the actual 
efficiency of various fog-signals then in operation on the North 
American continent, about which very favourable reports had 
reached this country. Among other instruments, they witnessed 
the performance of a Siren apparatus, patented by Messrs. A. 
and F. Brown, of New York. One of these instruments was, 
in 1873, very kindly sent to the Trinity House by the United 
States authorities, and tested with other instruments in the ex- 
perimental trials at the South Foreland in 1873-74. This in- 
vestigation was carried out at the South Foreland by the Trinity 
House, with the object of obtaining some defitite knowledge as 
to the relative merits of different sound-producing instruments, 
and also of ascertaining how the propagation of sound was 
affected by meteorological phenomena. These experiments 
were extended over a lengthened period, in all conditions of 
weather ; and the well-known scientific and practical results 
obtained, together with the ascertained relative merits of sound- 
producing instruments for the service of the mariner, are of the 
highest scientific interest and practical importance. 

The investigation at the South Foreland was followed up by 
the Trinity House by further experiments, in which they were 

| the fittest of all those at present known to science. 

assisted by the authorities at Woolwich, with guns of various 
forms, weight of charges, and deseripiions of gunpowder. The 
powders tested were (1) fine grain, (2) larger grain, (3) rifle 
large grain, and (4) pebble. The result placed the powders 
exactly in the order above stated; the fine grain, or most 
rapidly burning powder, gave indisputably the loudest sound, 
while the report of the slowly-burning pebble powder was 
the weakest of them all. Experiments were als> made with the 
object of ascertaining the relative value of the sound produced 
by the explosion of varying quantities of gun-cotton. 
again the greater value of increased rapidity of com ustion in 
producing sound was clearly demonstrated. It was found that 
charges of gun-cotton yielded reports louder at all ranges than 
equal charges of gunpowder, and further experiments proved 
that the explosion of half a pound of gun-cotton gave a result 
at least equal to that produced by 3 lb. of the best gunpowder. 
These results led the Trinity House to adopt this explosive as a 
fog-signal for isolated stations on rocks or shoals where pre- 
viously, from want of space, nothing better than a bell could 
be applied, It is also applied with success to light-vessels. 
But, wherever the Siren can be installed, it is found to be the 
most efficient fog-signal yet known, chiefly in consequence of 
the prolongation that can be given to its blasts, and the ease 
with which it can be applied, with any amount of motive-power 
available, to the production of any desired combination of high 
and low notes for distinctions corresponding with those of white 
and red, or short and long, flashes of light, and thus affording 
the required individuality of each station. The experience, 
however, with the most powerful fog-signal is not at present to 
be considered altogether satisfactory. With Siren blasts absorb- 
ing about 150 H.P., or nearly 5,000,000 foot-pounds, per minute 
during the time they are sounding, the signal is occasionally not 
heard, under some conditions of fog and wind, beyond 1 mile, 
while at other times it is distinctly heard above 10 miles. 

In 1881 it was considered by the lighthouse authorities of this 
country that the time had arrived when it was absolutely neces- 
sary that an exhaustive series of experimental trials should be 
made, on a practical scale, for the exact determination of the 
relative merits (both as regards efficiency and economy) of the 
three lighthouse illuminants, electricity, gas, and mineral oil, 
which, by the process of natural selection, may be regarded as 

After many 
unforeseen difficulties had been overcome, this question of 
universal importance was, in July 1883, referred by the Board 
of Trade to the Trinity House, who accepted the responsibility 
of carrying out the investigation. 

A Committee was formed of members of the Corporation, 
who secured the friendly co-operation of the Scotch and Irish 
Lighthouse Boards, and many distinguished scientific men at 
home and abroad. I had the honour of acting, in my official 
capacity as Engineer-in-Chief to the Trinity House, in making 
the arrangements for exhibiting the experimental lights, and in 
reporting to the Board from time to time, as in all other matters 
referred to me professionally. 

These investigations were carried out in full view of all who 
were in any way interested in the subject. The whole arranze- 
ments were open to public inspection, and, in their desire to 
arrive at a wise and just decision on so important a question, the 
Trinity House Committee courted the fullest inquiry. Many 
members of scientific Societies, especially those connected with 
engineering, were invited, and visited the station. The French 
lighthouse authorities, who rendered much kind assistance in 
obtaining observations, sent their representatives to view the 
arrangements, and officers from the lighthouse services of Ger- 
many, Denmark, Norway aid Sweden, Russia, Italy, Spain, 
Brazil, the United States, and Canada visited the station and 
witnessed the experiments. 

In order to obtain, with uniformity and method, a consensus 
of comparative eye-measurements—in addition to the measure- 
ments of the Comittee and their officers at their different stations 
ashore and afloat, to those of the coastguard men at nine stations 
between Dungeness and the North Foreland, and to the more 
precise scientific measurements of the experts—special observa- 
tion-books were prepared, and widely distributed to shipping 
associations and port authorities, with a view to their securing 
the co-operation of masters of vessels, pilots, and others navigat- 
ing in the vicinity of the South Foreland. 

The South Foreland Station is especially adapted for light- 
house experiments generally, because of the existing facilities 
for observations on land and sea. The land in the neizhbour- 
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hood has no hedges and few trees, and affords facilities for 
oservations at distances of between 2 and 3 miles. The 
station is provided with surplus steam power for driving experi- 
mental machines for electric lights, and it is easily accessible 
from London. 

Three rough timber towers of sufficient strength to withstand, 
without tremor, the effects of heavy gales were erected at the 
rear of the High Lighthouse, 150 feet apart. These towers 
were marked in large letters, A, B, and C. A tower was 
devoted to electricity, B to the gas system of Mr. Wigham, and 
C to such gas or oil lamps as might be proposed to, and ap- 
proved by, the Committee for trial during the experiments. A 
lantern of the usual first-order dimensions, but with an addi- 
tional height in the glazing for the passage of beams from super- 
posed optical apparatus of the first order, was provided for each 
tower. The optical apparatus in each lantern was, in the outset, 
special in relation to the illuminant to be used for producing 
fixed and flashing lights. For the electric arc lights, optical 
apparatus of the second order of Fresnel was adopted, the 
apparatus having a focal distance of 700 mm. ‘The dimensions 
of this apparatus are greater than optically required for the 
largest electric arc light yet tried for lighthouse illumination, but 
the internal capacity is found to be only just sufficient for the 
perfect manipulation of the light by a light-keeper of possibly 
robust build. For the large gas and oil flames in the A and C 
lanterns the apparatus adopted was of the usual first-order size, 
having a focal distance of 920 mm. 

The lanterns were partially glazed on opposite sides, north 
and south, the southern arc being chiefly for observation from 
the sea. To the northward the land is better adapted for obser- 
vations on shore, and here three observing-huts were erected 
at the respective distances of 2144, 6200, and 12,973 feet ; each 
hut was provided with accommodation for two watchers, and a 
chamber fitted with a large plate-glass window in the direction 
of the experimental lights, and special apparatus for their 
photometric measurement. The third hut proved to be practic- 
ally of but little value for photometry, the distance being too 
great ; it, however, afforded an accurately known distance for 
eye-measurements, and a barrack and starting-point for watchers 
endeavouring to determine the vanishing distance of each light 
during hazy weather. In this they were further assisted by white 
painted posts, placed throughout the whole track to the experi- 
mental lighthouses, at distances of 100 feet apart, the distance 
of each post from the lights being plainly marked on it in black 
figures. For the more exact examination and measurements of 
the intensity of each luminary and that of the beam from each 
optical apparatus, a photometric gallery was erected in a con- 
venient position, 380 feet long by $ feet wide, and provided 
with all the necessary appliances. 

During a period of over twelve months the experimental lights 
were exhibited, and watched by numerous observers, trained and 
untrained, scientific and practical. During that period a vast 
amount of valuable evidence was collected, by the aid of which 
the Committee were subsequently enabled to state their con- 
clusions with definiteness. During these investigations intensities 
were shown ina single oil and gas luminary about three times 
greater than the electric arc luminary first adopted at Dungeness 
in 1861, while, with a single electric arc luminary, there was 
shown a practically available focal intensity about fifteen times 
greater than that of the Dungeness luminary, and the highest yet 
shown to be practically available for the service of the mariner. 

With gas and oil the highest intensity of a single luminary and 
optical apparatus was tripled by the use of three superposed 
luminaries and optical apparatus, and although optical arrange- 
ments were made for triple electric luminaries, and experiments 
were carried out with these at comparatively low intensities, it 
was soon found that all the electromotive force available at the 
station could be conveniently applied with efficiency and per- ' 
manency in one compact focal luminary, and its optical apparatus. 
Chis fact demonstrated that the electric arc has the most import- 
ant requisites of a lighthouse luminary ; viz. maximum intensity 
and minimum focal dimensions, and in all states of the atmo- 
sphere, from clear weather to thick fog, an incontestable superior- 
ity over the utmost accumulative efforts of its rivals—gas and 
oil. It was therefore considered to be unnecessary to incur addi- 
uonal cost for exhibiting the electric arc light, under the same 
conditions of accumulative powers as its rivals, for showing a 
maximum intensity. With the best gas and oil luminaries it 
was found that, where gas of the ordinary commercial quality is 
employed, there is no appreciable difference, either in the intens- 
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ity or focal compactness of the luminary, but when the richest 
gas, from cannel coal, and mineral oil are used, there is found to 
be a superiority in the maximum intensity of this luminary over 
oil of about 45 per cent., and in focal compactness of about 
10 per cent. ; but in haze and fog, when the maximum intensity 
only is required, this difference was found to effect no appre- 
ciable gain in penetrative power, therefore the question of merit 
between these illuminants was found to resolve itself into 
one of economy only, and in this respect mineral oil at the 
present market prices was found to have a considerable ad- 
vantage. 

The relative penetrability per unit of light of the best gas and 
oil flames in haze and fog is so nearly identical that the question 
is of no practical importance in lighthouse illumination. But, with 
regard to the relative atmospheric absorption of these lights and 
the electric arc light in certain impaired conditions of the atmo- 
sphere, the electric arc light is found to compare somewhat 
unfavourably. The general result of the photometric mea- 
surements of the three illuminants showed (r) that the oil and 
gas lights, when shown through similar lenses, were equally 
affected by atmospheric variation ; (2) that the electric light is 
absorbed more largely by haze and fog than either the oil or the 
gas light ; and (3) that all three are nearly equally affected by 
rain. Experiments made in the photometric gallery at the South 
Foreland with the electric arc light have shown that the loss 
by atmospheric absorption is by no means so great as was 
previously supposed. It would have been most interesting and 
instructive to have obtained data for exactly determining the 
relative coefficients of atmospheric absorption of the electric arc, 
gas, and oil luminaries, but the necessary observations and 
measurements for effecting this would have prolonged the time 
too much, and added too much to the cost of the investigation, 
especially when it is remembered that with the electric arc light 
there is for coast illumination such an enormous preponderance 
of initial intensity at disposal that a small percentage of pene- 
trating efficiency is of no practical importance. 

In 1836 Faraday showed by actual experiment that the pene- 
trating power of alight in atmosphere impaired by such obstruc- 
tion as fog, mist, &c., is but very slightly augmented by a very 
considerable increase in the intensity, and M. Allard, late 
Engineer-in-Chief to the French Lighthouse Board, has more 
recently shown after long experimental and practical research, 
that, in an atmosphere of average transparency, a beam of light 
equal to 6250 becs (Carcel) would penetrate 53 kilometres, yet 
when augmented to twenty times that intensity, or 125,000 becs 
(Carcel), it would only penetrate 75°40 kilometres ; showing that, 
in the average condition of atmospheric transparency, 2009 per 
cent. of increased intensity only gives 42 per cent. longer range. 

The South Foreland experiments have demonstrated that, 
while with both gas and oil an ordinary intensity of light can be 
adopted for clear weather sufficient to reach the sea horizon with 
efficiency for the mariner, a maximum light can be shown with 
impaired atmosphere fifteen to twenty times this intensity, and 
that in these respects both illuminants are practically on an 
equality. This maximum light of gas and oil is considered by 
the Committee to be sufficient for all the ordinary purposes of 
navigation, and, for this, mineral oil is the most economical 
illuminant ; but for some special cases, where the utmost inten- 
sity and penetration are demanded, these results can only be 
attained by electricity, and by this agent an intensity more than 
ten times that of the maximum of either oil or gas is found to be 
practically available. 

With regard to the gas and oil lights, the report of the Com- 
mittee states that ‘It appears from the direct eye-observations, 
made at distances varying from 3 to 27 miles in clear weather, 
that through annular lenses, light for light, there is practically 
no difference. Both reach the horizon with equal effect. In 
weather not clear the records indicate practically the same 
relation. In actual fog, again, the records indicate a general 
equality of the lights. Both are lost at the same time, both 
are picked up together ; and although here and there a very slight 
superiority is attributed to the gas, this superiority is of no value 
whatever for the purposes of the mariner,” A point referred to 
in favour of gas is the well-known one of greater handiness and 
ease of manipulation than oil, which is of importance for small 
beacon lights, where a constant attendant is not provided ; but 
this does not apply to a coast light, where a light-keeper is 
always required to be on the watch in the lantern from sunset to 
sunrise. \Vith oil the great advantage, in addition to economy, 
lies in the simplicity of its application to a coast lighthouse in 
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any part of the world, however limited the space the light- 

house is necessarily required to occupy. The final conclusion of 
the C: mmittee on the relative merits of electricity, gas, and oil 

as lighthouse illuminants is given in the following words :— 
‘“‘That, for ordinary necessities of lighthouse illumination, 
mineral oil is the most suitable and economical illuminant, and 
that for salient headlands, important landfalls, and places where 
a very powerful light is required, electricity offers the greatest 
advantages.” ; 

In conclusion it may safely be asserted, now that the relative 
merits of electricity, gas, and oil have been accurately deter- 
mined, that these investigations of the Trinity House Committee 
will, for many years to come, furnish to the lighthouse authori- 
ties of all maritime nations of the world, and their engineers, 
very valuable data which cannot fail to assist very largely in the 
development of lighthouse illumination, and thus tend very 
matetially to present aids to navigation, and to a consequent 
reduction in the loss of life and property at sea. 

REPORTS 

Third Report of the Committee, consisting of Prof. Balfour 
Stewart (Secretary), Mr. $. Knox Laughton, Mr. G, F. 
Symons, Mr. BR. HH. Scott, and Mr. Fohnstone Stoney, 
appointed for the Purpose of co-oferating with Mr. E. F. Lowe 
in his Project of establishing on a Permanent and Scientific Basis 
a M.teo; ological Observatory near Chepstow.—In answer to a 
letter written by Prof. Balfour Stewart, pointing out certain 
conditions indispensable to the success of the project, Mr. 
Lowe writes :—‘‘ The (local) Committee think that they see 
their way to getting two or three thousand pounds if the 
scheme were started. Since you were with me I have pur- 
chased nearly 150 acres of land in front of the observatory, 
and nothing could come between it and the channel as near 
as 14 to 2 miles. A new road is to be made to the Severn 
Tunnel Station, and I hear that the telegraph or telephone is 
likely to be carried up this road. If your Committee think well 
to recommend the observatory scheme, action would be at once 
taken, and we have reason to believe that the Bristol Docks 
would help us with too/, a year. I should much like to see 
such an observatory in working order whilst I live, Lut my time 
is getting short. There is a growing interest round here about 
the observatory, and constant inquiries are made as to the proba- 
bilities of success.” The Committee express their sympathy 
with Mr. Lowe and his friends under the unfortunate circum- 
stances that have tended to retard local action. The Committee 
see such evidence of local interest in the undertaking that they 
desire to have an early opportunity of co-operating with the 
local Committee. They therefore ask for their re-appointment, 
and request that the unexpended sum of 25/. and an additional 
sum of the same amount—in all 50/.—be placed at their disposal 
for the purpo e. 

A Report of the Committee consisting of Frofs. Tilden and 
Ramsay and Dr. Nicol (Secretary), appointed fur the Purpose 
of Investigating the Subjet cf Vatour-Pressures and Refractive 
Indices of Salt Solutions, was read by Dr. Nicol. —The report deals 
with the general conclusions arrived at from recent experiments on 
vapour-pressures, rates of expansion, refractive indices, and 
saturation of salt solutions. The experiments on the vapour- 
pressure of salt solutions completely disprove the statement of 
Willner, that the diminution of vapour-pressure is directly 
proportional to the percentage of salt present ; in some cases 
it has been observed that the restraining effect of each molecule 
increased with the concentration, whilst with other salts it de- 
creased on the addition of salt even in dilute solutions. Such 
results can, however, be readily explained by the theory of solu- 
tion proposed by Nicol in the Philosophical Magazine, 1883. 

The Report of the Committe conststing of Profs. Ramsay, 
Tilden, W. L. Goodwin (Secretary) and D. H. Marshall, ap- 
pointed for the Purpose of Investigating Certain Physical Constants 
of Solutions, was read by Prv f. Ramsay.— his report contained 
an account of an investigation conducted by Profs, Goodwin 
and Marshall of the Queen’s Univerity, Kingston, Ontario, the 
object of which was the determination of the condition of equili- 
brium assumed by molecular weights of two salts placed in 
separate small vessels and inclosed with a weighed quantity of 
water. The process by which the water is so attracted to the 
alts was styled ‘‘ invaporation” by Graham, The salts experi- 
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mented with were the chlorides of potassium, lithium, and 
sodium. When sodium and potassium chlorides were used, and 
different quantities of watei, it was found that sodium chloride 
invaporates the water more rapidly than potassium chloride, and 
that, with small relative quantities of water, the sodium chloride 
invaporates nearly all and leaves the potassium chloride almost 
dry. When this is compared with the state of equilibriun: 
assumed by equivalents of caustic soda, caustic potash, and 
sulphuric acid in solution together, it seems that the force in the 
first case is different in character from that acting in the second, 
Similar experiments made with sodium and lithium chlorides, 
and varying the relative quantities of water, showed that with 
small relative quantities of water the lithium chloride attracted 
the whole, but with larger quantities the sodium chloride attracts 
part, showing that in this case there is a limit to the quantity of 
water which the lithium chloride can hold against the attraction 
of sodium chloride. When the relative quantity of water is 
small, it is not divided between the two salts in the ratio of their 
attraction for water ; but this may be the case with large relative 
quantities of water. The process of invaporation is in all cases 
very slow, in some cases requiring several months for its com- 
pletion. A further investigation of these phenomena with 
other salts, and a study of the influence of temperature is 
promised. 

A Preliminary Report of the Committee consisting of Profs. 
McLeod and Ramsay, with Mr. W. A. Shenstone as Sccretary, 
appointed for the Further Investigation of the Influence of the 
Silent Discharge of Electricity on Oxygen and other Gases, was 
read by Mr. Shenstone.—A description was given of the appa- 
ratus devised for the storage and convenient manipulation of 
oxygen, so as to insure its perfect purity. The use of a mixture 
in molecular proportions of potassium and sodium chlorates is 
recommended in the preparation of oxygen, inasmuch as the 
breakage of apparatus, when potassium chlorate alone is used, 
is to a great extent done away with. 

The Report of the Committee consisting of Profs. W. A- 
Tilden and H, E. Armstrong, appointed for the Purpose of In- 
vestigating Isomeric Naphthalene Derivatives, of which Prof. 
H. E. Armstrong is the Secretary, was read by the latter, who 
pointed out that, owing to its constitution, naphthalene lends it- 
self very easily to the production of isomeric compounds. The 
constitution of the disulphonic acids of naphthalene has been 
specially investigated, and four isomeric compounds were 
described, as were also several isomeric bromo-derivatives. 

The Committee consisting of Prof. Sir H. E. Roscoe, Mr. 
Lockyer, Profs. Dewar, Liveing, Schuster, W. N. Hartley, ant 
Wolcott Gibbs, Capt. Abney, and Dr. Marshall Watts, appointe 
for the Purpose of Preparing a New Series of Wave-Lengt? 
“Tables of the Spectra of the Elements, of which Dr. Marshall 
Watts is the Secretary, reported that satisfactory progress had 
been made during the past year with the work allotted to it, and 
that the forthcoming volume of the Proceedings of the Associa- 
tion will contain additions to the tables of wave-lengths of the 
emission spectra of the elements and compounds. 

Report of a Committee, consisting of General F. T. Walker, 
General Sir F. H. Lefroy, Prof. Sir William Thomson, Mr. 
Francis Galton, Mr. Alex. Buchan, Mr. F. Y. Buchanan, 
Dr. Foln Murray, Mr. H. W. Bates, and Mr. E. G. 
Ravenstein (Secretary), appointed for the Purpose of taking 
into Consideration the Combination of the Ordnance and Ad- 
miralty Surveys, and the Production of a Bathy-hypsographicel 
Map of the British Isles.—(1) The Committee consider that 
the production of a plain outline map of the British Isles and 
surrounding seas, on a scale of 1: 200,000 (about three miles 
to the inch) would be desirable. Rivers, and such other physical 
features as can be shown in outline, to be marked distinctly. 
No hill-shading to be introduced. Roads, railways, towns, &e., 
to be indicated faintly, and merely for the purpose of identifying 
localities. Principal heights and depths above and below the 
datum level of the Ordnance Survey of Great Britain to be 
inserted. Contours to be drawn at intervals of 200 feet, with 
subsidiary contours where they are necessary, to give expression 
to the features of the ground. Incidental features, such as cliffs, 
&c., to be marked. ‘The map to be tinted according to height. 
(2) A grant of 25/. to be applied for in order that a specimen 
sheet of the map may be prepared. (3) The Clyde Trustees to 
be approached, with a view to their undertaking the prepara- 
tion of a similar map of the Clyde estuary on a suitably larger 
scale. Other harbour Boards to be similarly approached, 
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(4) The Committee anticipate that, being provided with maps of 
this character as specimens of what is required to supply a 
national want, the Association may be ina better position than 
at present to move the Government to undertake the prepara- 
tion of a similar map of the whole of the United Kingdom, 
based mainly upon the extensive data already available in the 
archives of the Ordnance Survey and the Admiralty. 

Report of the Committee, consisting of Dr. F. H. Gladstone 
(Secretary), Prof. Armstrong, Mr. William Shaen, Mr. Stephen 
Bourne, Miss Lydia Becker, Sir John Lubbock, Bart., Dr. 
H. W. Crosskey, Sir Richard Temple, Sir Henry E, Roscoe, 
Mr. Fames Heywood, and Prof. N. Story-Maskelyne, appointed 
for the Purpose of Continuing the Inquiries Relating to the 
Teaching of Science in Elementary Schools.—No steps in ad- 
vance have been taken by any Government Department towards 
the more adequate provision for science-teaching in elementary 
schools during the past year. There have been four different 
Vice-Presidents of the Committee of Council on Education 
during the last twelve months; and Sir Lyon Playfair only 
came into office after the Code for the year had been settled. 
The annual return of the Education Department for England 
and Wales issued this year, which deals with the period from 
September 1, 1884, to August 31, 1885, shows that the present 
regulations tell unfavourably on the prospects of science. The 
following statistics for the la:t three years show that, while the 
preferential class subject “English” is taker in an increasing 
number of departments year by year, geography shows an actual 
falling off, and elementary science seems even to be losing the 
little footing it had. Needlewo-k shows a steady increase, as 
it is an obligatory subject in girls’ schools, and it is more advan- 
tageous in a financial point of view to take it up as a class 
subject rather than under Article 139 (¢), in which case it neces- 
sarily displaces geography or science :— 

Class Subjects 1882-83 1883-84 1884-85 
Depart- Depart- Depart- 

- ments ments ments 

English 18,363 ... 19,080 ... 19,431 

econ payee wen Ge- | ees: | 023823 0-5, 12,775ecs D23890 
Elementary Science ... ...  «. 48 ... i cod 45 
History ton 0p RS 367 SE. ccc 386 
Needlework oe “oho 5,286 5,929 ... 6,499 

18,524 ... 19,137 ... 19,266 

In regard to the scientific specific subjects, the following are 
the number of children individually examined :— 

Specific Subjects 1882-83 1883-84 1884-85} 
Children Children Children 

Algebra meee pete 205547)... 245707) <a) 254d 
Euclid and Mensuration E5042) o., 2,010)... 0,209 
Mechanics, A 2OA2 se: 3)E-74) aan Sa 

a9 13) pes — .. 206 ... 239 
Animal Physiology 22,559 .-- 22,857 ... 20,869 
IBGiaMVirc caso f-e) Goth ane 3,280 ... 2,604 2,415 
Principles of Agriculture ... Ds h7ies lk O59) 1,481 

{i MEM OMUISHGY! Los. | wise: cnaie TlSSne 2 O4y) 1,095 
_ Sound, Light, and Heat 630m 253 1,231 
_ Magnetism and Electricity S1OAS\ aes 13) 244 a eeey S04 

Domestic Economy ... 19,582 ... 21,458 ... 19,437 
_ Extra (Physiography) gtk LOM is oh 

4 82,965 ... 84,515 - 79774 

No of Scholars in Standards 

: SeVie, OWL.) WILE 

It is evident that while the number of scholars in the higher 
standards has considerably increased, the number examined in 

_ specific (scientific) subjects has considerably decreased ; and this 
decrease has occurred in every subject except mechanics. 
Algebra and chemistry show rather larger numbers than last 
year, though not in proportion to the increase of scholars. The 

comparative decrease in the attention paid to these scientific 
subjects will be evident from the percentages of children 

examined :— 

.. 286,355 ... 325,205 ... 352,860 

In 1882-83 29'0 per cent. 
In 1883-84 ... 20701 xs 
In 1884-85 a4 22°6 ” 

——s 
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but it must be borne in mind that in many schools the children 
take two subjects, in which case they coant accordingly. In- 
creased though still very inadequate attention seems to be paid 
in the training colleges to the preparation of the students in the 
science subjects; the number of individual students who have 
qualified for teaching one or more sciences has risen from 2205 
in 1884 to 2407 in 1885, and it is satisfactory to note that the 
increase has been mainly in passes in the first class. The num- 
ber of papers worked in the several subjects in the two years 
under review have been as follows :— 

Number of papers worked 1884 1885 

Pure Mathematics és % 5 82 121 
Theoretical Mechanics a 21 25 
Sound, Light, and Heat 488 690 
Magnetism and Electricity 693 551 
Inorganic Chemistry ace 245 =a) +209 

aH 3 (practical) 166 Biss 160 
Animal Physiology 416 257 
Botany .. <6 485 483 
Physiography ... me 1030 1095 
Principles of Agriculture 289 386 

The increase has been mainly in sound, light, and heat, and 
the principles of agriculture ; the falling off has been chiefly in 
animal physiology, and magnetism and electricity. The Scotch 
Code differs from the English in rezard to the teaching of science 
in several points, but the annual return does not exhibit a much 
more hopeful state of affairs. The importance of technical in- 
struction is making rapid progress in popular estimation, but 
this subject has not got a real footing as yet in elementary 
schools, owing to the inaction of the Government pending a 
definite expression of opinion by the House of Commons. 

SECTION A—MATHEMATICAL AND PHYSICAL SCIENCE 

On Stationary Waves in Flowing Water, Part I., by Sir 
William Thomson.—This subject includes the beautiful wave- 
group produced by a ship propelled uniformly through previously 
still water, but the present communication? is limited to two- 
dimensional motion 

Imazine frictionless water flowing in uniform gimme through 
an infinitely long canal with vertical sides ; and bottom hori- 
zontal except where modified by transverse ridzes or hollows, 
or slopes between portions of horizontal bottom at different 
levels. Included among such inequalities we may suppose bars 
above the bottom, fixed perpendicularly between the sides. Let 
these inequalities be all within a finite portion, AB, of the 
length, and let f denote the difference of levels of the bottom 
on the two sides of this portion, positive if the bottom beyond 
A is higher than the bottom beyond B. 

Now, let the water be given at an infinite, or very great, dis- 
tance beyond A, perpetually flowing towards A with any pre- 
scribed constant velocity, V, and filling up the canal to a 
prescribed constant depth, D. It is required to find the motion 
of the water towards A, through AB, and beyond B as dis- 
turbed by the inequalities between A and B. This problem is 
essentially determinate ; and it has only one solution if we con- 
fine it to cases in which the vertical component of the water’s 

velocity is everywhere small in comparison with gD, the 
velocity acquired by a falling body falling from a height equal 
to half the depth. 

In particular cases the water flows away unruffled at great 
distances from B. But, in general, the surface is ruffed, and 
the water flows ‘‘ steadily” between the plane bottom and a 
corrugated free surface, as in the well-known appearance of 

water flowing in a mill-lead, or Highland burn, or in the clear 

rivulet on the east side of Trumpington Street, Cambridge. 

The train of diminishing waves which we see in the wake of 
each little irregularity of the bottom would, of course, extend to 
infinity if the stream were infinitely lonz, and the water abso- 

lutely inviscid (frictionless) ; and a single inequality, or group of 

inequalities, in any part, AB, of the stream, would give rise to 

corrugation in the whole of the flow after passing the inequali- 
ties, more and more nearly uniform, and with ridges and hollows 

more and more perpendicular to the sides of the canal, the 
farther we are from the last of the inequalities. Observation, 
with a little common-sense of the mathematical kind, shows 

r I have since found, in a sufficiently practical form, the solution for the 

wave-group produced by the ship, which I hope to communicate to the 
Philosophical Magazine for publication in the November number.—W. T., 
September 13, 1586. 
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that at a distance of two or three wave-lengths from the last 
of the ircegularities if the breadth of the canal is small in com- 
parison with the wave-length, or at a distance of nine or ten 
breadths of the canal if the breadth is large in comparison 
with the wave-length, the condition of uniform corrugations 
with straight ridges perpendicular to the sides of the canal, 
would be fairly well approximated to, even though the irregu- 
larity were a single projection or hollow in the middle of the 
stream. But the subject of the present communication is 
simpler, as it is limited to two-dimensional motion ; and our 
inequalities are bars, or ridges, or hollows, perpendicular to the 
sides of the canal. Thus, in our present case, we see that the 
condition of ultimate uniformity of the standing waves in the 
wake of the irregularities is closely approximated to at a 
distance of two or three wave-lengths from the last of the 
inequalities. 

A mathematical treatment of the problem thus presented, 
which will appear in the October number of the Paz/osophical 
Magazine, gives, among other results, the following conclu- 
sions :— 

Generally, in every case when V< s/oD the upper surface of 

the water rises when the bottom falls, and the water falls when 
the bottom rises. 

On the other hand, when V> vp, the water surface rises 

conyex over every projection of the bottom, and falls concave 
over hollows of the bottom ; and the rise and fall of the water 
are each greater in amount than the rise and fall of the bottom ; 
so that the water is deeper over elevations of the bottom, and is 
shallower over depressions of the bottom. 

Returning now to the subject of standing waves (or corruga- 
tions of the surface) of frictionless water flowing over a hori- 
zontal bottom of a canal with vertical sides, I shall not at pre- 
sent enter on the mathematical analysis by which the effect of a 
given set of inequalities within a limited space, AB, of the 
canal’s length, in producing such corrngation in the water after 
passing such inequalities, can be calculated, provided the slopes 
of the inequalities and of the surface corrugations are everywhere 
very small fractions of a radian. I hope before long to com- 
municate a paper to the Philosophical Magazine on this subject 
for publication. I shall only just now make the following 
remarks :— 

(1) Any set of inequalities large or small must in general give 
rise to stationary corrugations large or small, but perfectly sta- 
tionary, however large, short of the limit that would produce 
infinite convex curvature (according to Stokes’s theory an obtuse 
angle of 120°) at any transverse line of the water surface. 

(2) But in particular cases the water flowing away from the 
inequalities miy be perfectly smooth and horizontal. This is 
obvious because of the following reasons : 

(i.) If water is flowing over plane bottom with infinitesimal 
corrugations, an inequality which could produce such corruga- 
tions may be placed on the bottom so as either to double those 
previously existing corrugations of the surface or to annul them. 

(ii.) The wave-length (that is to say, the length from crest to 
crest) is a determinate function of the mean depth of the water 
and of the height of the corrugations above it, and of the volume 
of water flowing per unit of time. This function is determined 
graphically in Stokes’s theory of finite waves. It is independent 
of the height, and is given by the well-known formula when 
the height is infinitesimal. 

(iii ) From No. ii. it follows that, as it is always possible to 
diminish the height of the corrugations by properly adjusted 
obstacles in the bottom, it is always possible to annul them. 

(3) The fundamental principle in this mode of considering the 
subject is that, whatever disturbance there may be in a perpetu- 
ally sustained stream, the motion becomes ultimately steady, all 
agitations being carried away down stream, because the velocity 
of propagation, relatively to the water, of waves of less than 
the critical length, is less than the velocity of flow of the water 
relatively to the canal. 

In Part II., to be published in the November number of the 
Philosophical Magazine, the integral horizontal component of 
fluid pressure on any number of inequalities in the bottom, or 
bars, will be found from consideration of the work done in 
generating stationary waves, and the obvious application to the 
work done by wave-making in towing a boat through a canal 
will be considered. The definitive investigation of the wave- 
making effect when the inequalities in the bottom are geometric- 
ally defined, to which I have just now referred, will follow ; and 
I hope to include in Part II., or at all events in Part ILI. to be 

published in December, a complete investigation, illustrated by 
drawings, of the beautiful pattern of waves produced by a ship 
propelled uniformly through calm deep water. 

On a New Form of Current-Weigher for the Absolute Deter- 
mination of the Strength of an Electric Current, by Prof. 
James Blyth.—The object of this paper is to describe a method 
of absolutely determining the strength of an electric current by 
measuring in grammes’ weight the electro-magnetic force be- 
tween two parallel circular circuits, each carrying the same 
current. For convenience of calculation the circles have the 
same radius, and are placed with their planes horizontal. The 
construction of the instrument is as follows :—A delicate chemi- 
cal balance is provided, and the scale-pans replaced by two 
suspended coils of wire. Each of these is made of a single turn 
of insulated copper wire (No. 16 about) fixed in a groove rouna 
the edge of an annular disk of glass or brass of suitable diame- 
ter. The disk is made as thin and light as possible consistently 
with perfect rigidity. By means of two vertical pillars of brass 
this annulus is attached to a rigid cross-bar of dry wood or vul- 
canite, in the middle of which is placed a hook for suspending 
the whole from one end of the balance-beam. On each side of 
the hook, and equally distant from it, two slender rods of brass 
are screwed in in the wooden bar, which support two small plati- 
num cups for holding mercury or dilute acid. The position of 
these cups is so adjusted that, when the whole hangs freely, the 
cups are in line with the terminal knife-edge of the balance- 
beam, and have their edges just slightly above its level. The 
free ends of the insulated wire surrounding the disk, after being 
firmly tied together for a considerable length and suitably bent, 
are soldered to the brass supports of the platinum cups, which 
thus serve as electrodes by means of which a current may be 
sent through the suspended coil. A precisely similar coil is 
suspended from the other end of the balance-beam. We now 
come to the arrangement by means of which a current is led 
through the suspended coils, so as to interfere as little as 
possible with the sensibility of the balance. This constitutes 
the essential peculiarity of the instrument, and is effected in the 
following way :—An insulated copper wire, having its ends 
tipped with short lengths of platinum, is run along the lower 
edge of the beam, and is firmly lashed to it by well-rosined silk 
thread. The ends of this wire, bent twice at right angles, are 
so placed that their platinum tips dip vertically into one of each 
pair of the platinum cups which are attached to the vertical rods 
of the suspended coils. From the other cup of each pair proceed 
two similarly tipped copper wires, which run along the upper 
edge of the beam, and are also firmly tied to it. | These wires, 
however, only proceed as far as the middle of the beam, where 
they are bent, first outwards, one on each side of the beam, at 
right angles to it, and then downwards, so that the platinum 
tips are vertical. The latter dip into two platinum cups attached 
to two vertical rods, which spring from the base-board of the 
balance. These rods are placed at equal distances on each side 
of the beam, and are of such length that the platinum cups are 
in line with the central knife-edge of the beam and have their 
edges just a little above its level. There are thus in all six cups 
and six dipping wires. Three of these are in line on one side 
of the beam, and three on the other. Also the line joining the 
points of each pair of dipping wires is made to coincide with 
the corresponding knife-edge ; and, further, the edges of the 
cups are all in the same plane when the balance is in equilibrium. 
From this it will be obvious that any motion of the beam in the 
act of weighing causes only a very slight motion of the platinum 
wires, which dip into the fluid contained in the cups. The 
resistance, due to the viscosity of the fluid, is thus very small, 
even in the case of mercury, and much smaller still when dilute 
acid is used. In point of fact, the diminution of sensibility due 
to this cause is less than in the case of determining the specific 
gravity of solids by weighing in water in the ordinary way. With 
clean mercury it is quite easy to weigh accurately to a milligramme. 
The fixed coils, constituting two pairs, have the same diameter as 
the suspended coils, and, like them, are made of single turns of in- 
sulated wire wound round the edges of circular disks of glass or brass. 
The disks of each pair are fixed at the requisite distance apart 
toa cylindrical block of wood, so as to have their planes exactly 
parallel and their centres in the same straight line. 
this they are turned up and finished on the same cylindrical 
block on which they are finally to rest. When in position they 
are so placed that, when the balance is in equilibrium, each 
suspended coil hangs perfectly free to move with its plane hori- 
zontal and exactly midway between a pair of fixed coils, For 
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this purpose, as will be seen, it is necessary that two large holes 
be drilled in the upper disk of each pair, so as to allow the 
brass pillars of the corresponding annular disk to pass freely 
through. When the connections are made, the current is led 
through the entire apparatus in such a way that, while the electro- 
magnetic force acting on the one suspended coil causesit to descend, 

_ the electro-magnetic force acting upon the other causes them to 
ascend. ‘The total force tending to disturb the equilibrium of 
the balance is thus exactly four times that due to an equal cur- 
rent circulating in two parallel circles of the same diameter and 
with their planes at the same distance apart. The current- 
strength is estimated from the number of grammes required to 
restore the balance to exact equilibrium, the weights being 
placed into small scale-pans attached to the movable part of the 
apparatus. The electro-magnetic force between each fixed and 

_ the corresponding suspended coil is calculated from the formulz 
given by Clerk Maxwell (vol. ii. p. 308), viz. :— 

= — 27 cos 7{2Fy- (1 + sec*y) Ey} 

where M = the potential energy between two parallel circles, 
each carrying unit current, 

6 = distance between their planes, 
@ = radius of each coil, 

sin ze i ——— 
/ 42a + e 

Fy and Ey = first and second complete elliptic integrals to 
modulus sin y. 

In one of the instruments constructed 
a = 10°8 inches, 4 = °566 inches, 

which give 
y = 87°, Fy = 4338053976, Ey = 1°005258587 ; 

from which, if G denote the constant of the instrument and 
g = 981, we have 

This gives for 1 ampere a force = 04818 gramme-weight. 
Besides the one exhibited I have constructed several modifi- 

cations of the instrument, only one of which, however, needs be 
particularly mentioned. In it both the fixed and movable coils 
are replaced by flat spirals of wire, each of eleven turns. Here 
the practical construction is more difficult, and the calculation of 
the constant somewhat more laborious, unless one is content 
with merely integrating over the area of both the fixed and 
suspended spirals. This is, I think, however, hardly legitimate, 
at least with thickish wires, as we thereby suppose that elec- 
tricity is circulating in the insulating spaces between the wires 
as well as in the wires themselves. To avoid this I have actually 
calculated the force exerted by each one of the coils of the fixed 
spiral upon each coil of the suspended spiral. This entails great 
labour, as the elliptic integrals have to be calculated for values 
of the modulus differing very slightly from each other. The 
labour, however, is worth the taking, as the attractive or re- 
pulsive force between two flat spirals is so much greater than 
that between two simple circles. 

_ The Peculiar Sunrise-Shadow 0 Adam's Peak in Ceylon, by 
the Hon, Ralph Abercromby, F.R.Met.Soc.—A great pecu- 

 liarity has been noticed by many travellers about the shadow of 
Adam’s Peak at sunrise. The shadow, instead of lying flat on 
the ground, appears to rise up like a veil in front of the spec- 
tator, and then suddenly to fall down to its proper level. 
Various theories have been propounded to account for this, and 
it has usually been supposed to be due to a sort of mirage. The 
author, in the course of a meteorological tour round the world, 
spent the night on the top of the peak, 7352 feet above the sea, 
and obtained unmistakable evidence that the appearance is due 
to light wreaths of thin morning mist being driven past the 
western side of the mountain by the prevailing north-east mon- 
soon up a neighbouring gorge. The shadow is caught by the 
mist at a higher level than the earth, and then falls to its own 

The 
appearance is peculiar to Adam's Peak ; for the proper combi- 
nation of a high isolated pyramid, a prevailing wind, and a 
valley to direct suitable mist at a proper height on the western 

side of a mountain, is only rarely met with. Any idea that the 
appearance could be caused by mirage is completely disproved 
by the author’s thermometric observations. 

Description of a New Calorimeter for Lecture-Purposes, by 
T. J. Baker.—The instrument consists of two exactly similar 
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metallic air-thermometers mounted side by side with their 
U-shaped thermometer-tubes adjacent, so that their indications 
can be easily compared with each other. ‘The air-vessel of each 
thermometer contains a cylindrical well, in which the substance 
to be experimented with is immersed. Each well is provided 
with a discharging-tube furnished with a stop-cock. ‘The scale 
common to both thermometers is of milk-glass, divided into 100- 
equal parts both above and below zero, and let into the stand so 
as to constitute a translucent window which can be illuminated 
from bebind. By means of this instrument many thermal 
problems can be demonstrated before a large audience. 

On the Distribution of Temperature in Loch Lomond and 
Loch Katrine during the past Winter and Spring, by J. T. 
Morrison, M.A.—The author made observations on the tem- 
perature of these lakes on or about the term day of each month 
from December 1885 to June 1886, in continuation of Mr. J. Y. 
Buchanan’s researches. These included the whole length of 
Loch Katrine and the head and middle part of Loch Lomond, 
the deepest sounding, 99 fathoms, being got near Inversnaid in 
the latter lake. At Inversnaid, from Deceinber till March, the 
water was each month of uniform temperature from surface to 
bottom, the temperatures being— 

December 22, 1885 ... 42'8 
January 21, 1886 412 
February 23, 1886 40°05 
March 23, 1886 39°05 

In the deepest sounding obtained on Loch Katrine, 79 fathoms, 
a similar distribution was met with up till February, the readings 
being— 

December 23, 1885 ... (42°3) u 
January 22, 1886 40°4. 
February 24, 1886 39°0 

And, though the maximum density-point was thus attained in 
February, uniformity still prevailed in March down to a depth 
of 70 fathoms, the readings on March 24 being: surface, 38°°1 ; 
70 fathoms, 38°; 79 fathoms, 38°°7. In April the tempera- 
ture distribution usually found in spring had set in in both lakes, 
the surface being warmest, the bottom coldest, and the tempera- 
ture falling more and more slowly with increase of depth. The 
circumstance of most interest, however, is that the warmth of 
the bottom layer increased monthly over the deepest parts of 
both lakes, as follows :— 

March April May June 

rs) ° ° 

39°4 40°3 40°6 
39°I 40°r 40°65 

Loch Lomond (99 fathoms) 39°05 
Loch Katrine (79 fathoms) 38°7 

This rise is evidently due not to the conduction of heat nor to 
the penetration of solar radiation, but to some drainage or oozing 
causing mixture. This supposition seems necessary also to 
explain the behaviour of Loch Katrine in March. Drainage 
em masse appears to occur chiefly in winter and spring, not in 
summer when the river water and the lake surface water are 
much warmer than the deep water of the lake. The mean tem- 
perature of Loch Katrine probably has a greater range than that 
of Loch Lomond. The shallower parts of the lakes resemble 
the deep parts as to uniformity of temperature up till March. 
But their yearly range is greater. In both lakes the mean tem- 
perature becomes uniform along the whole length about April 4. 

On the Distribution of Temperature in the Firth of Clyde in 
April and Fune 1886, by J. T. Morrison, M.A.—In the latter 
parts of April and June of this year Mr. John Murray, Dr. Mill, 
and the author made serial temperature soundings throughout 
the Clyde district, chiefly with Negretti and Zambra’s reversing 
thermometer. It was found that in matter of temperature the 
waters of the district were divisible into four groups: I. North 
Channel and the plateau south of Arran ; Il. the Arran and 
Dunoon open basins ; ILI. the deep-sea lochs ; IV. the shallow. 
sea lochs. The average temperature in each group at every 
depth was calculated for April and June, and these averages 
form the basis of this paper. In April in all groups there is a 
deep layer of uniform temperature overlaid by a layer of tem- 
perature rising steadily to the surface. In groups Il., III., and 
IV. the uniform deep temperatures are almost the same, about 
41°-4 F.; in group I. it is 418 F. In June the superficial 

X No sounding made here in December. Above tempz2rature ‘s calculated 
from that of another part of the lake. 
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layer of varying temperature had thickened to about 20 fathoms. 
The deep temperatures in the groups w2re now very different :— 

I. IT. Ill. IV. 
r : 5 
4u8 4U3 415 415! 
45°7 439 43°38 45°3' 
AiQ: 2:6" | 2:3 RBis 

To groups ITI. and IV. analogues a-e found ina deep and a 
shallow basin of Loch Lomond, in both of which the bottom 
temperature rose between April and June. From this it is 
inferred that land-influences, especially drainage en metsse, 
produce most of the effect noticed in ILI. and 1V. The great 
rise in the North Channel and southern plateau is evidently due 
to a warm oceanic current. The rise in temperature in group 
II. is due to the incoming of warm water from without. As 
the water between 30 and 75 fathoms in this group is very 
uniform in temperature, and as the south plateau is 25 fathoms 
below the surface, it is supposed that the dense plateau water is 
carried into the open basins (group II.), and through convection 
mix2s thoroughly the water below 3) fathoms there. Loch Goil 
is specially remarkable for its isolation and the small rise of 
bottom temperature —o°’6 F. in two months. In Upper Loch 
Fyne a lenticular mass of water below 43°'0 F. was found in 
June to float between two warmer layers. Its greatest thick- 
ness, 30 fathoms, wis opposite Inverary. The bottom layer of 
44°°0 F, was not found to be in connection with any equally 
war.n layer either inside or outside of the loch, 

On the Critical Curvature of Liquid Surfi-es of Revolution, 
by A. W. Riicker, M.A., F,R.S.—Let a mass of liquid film be 
attached to two equal circular rings, the planes of which are 
perpendicular to the line joining their centres. It will form a 
surface of revolution the equation of which is, according to 
Beer, — 

Deep temperature in April 
» ” June 

Rise of temperature ... 

Ip 
a 

where F and E are elliptic integ-als of the first and second 
kinds respectively, the amplitude beinz @, and the modiu;s 

« = Ja”—B*/a =sin @. If@b2 conceived as increasing from 
0, when it is in the first quadrant the figure will be an undaloid 
lying being the cylinder and the sphere, in the second quadrant 
a nodoid, the limits of which are the sphere andacircle. In 
the third and fourth qualrants the figure will be dice-box- 
shaped with a contraction in the middle, being a nooid in the 
third and an uaduloid in the fourth quadrant. The one passes 
into the other through the catenoid. If now we suppose the 
rings to be at a fixed distance apart, and the volume of the sur- 
face to be altered, the curvature will change, and the direction 
of the chanze will depend on the diameter and distance apart of 
the rings, and on the magnitude of the maximum or minimum 
ordinate (the principal ordinate), which lies half-way between 
them. The object of the paper is to investigate the general 
relation between these quantities when the curvature is a maxi- 
mum or minimum, if the changes in the form of the film take 
place subject to the conditions that the diameter and distance of 
the rings a-e constant. It has been recently shown by Prof. 
Rein5ld and the author that, if these conditions hold, 
(a°E — B°F + a A, cot p,)5a + a°(F — E + A, tan g,)38 =0, 

where 4; is the upper limit of the integrals and 

AY= J1= sin? @ sin? @,. 

Writing this in the form A5a + B38 = 0, it is proved that the 
curvature has in general a critical value when A — B = 03 so 
that 

2E — F(r + cos? @) + 2A, cot2p, = 0 

is a condition which must be satisfied by @ and ¢,. To find 
values of @, corresponding to given values of @ the equation 
must be solved by trial ; but it is prove that, if a pair of co-re- 
sponding values is given when @ lies (say) in the first quadrant, 
the values of , can be at once found which correspond to 7 — 6, 
a + 6, and 2m — 9. The value sof , corresponding to @ and m- @ 
re equal, and, if , be the value corresponding to m + @ and 
m — 6, it is given by the equation 

tan ¢, tan (7 — ,) = sec 0. 

By means of these equations a curve can be drawn, showing the 
relation s between , and @, and thence are found the values of 
2/Y, X/f, and X/Y, where 2Y, 2X, and 2 are the diameter 

* Average temperature of first few fathoms above bottom. 
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and distance of the rings and the magnitude of the principal 
diameter. If we now conceive the two rings gradually to approach | 
or recede from each other, and the principal diameter to be | 
altered so that the condition of critical curvature is always ful- 
filled, it is proved that the changes in its form would be as fol- 
lows :—Beginning with the cylinder, the distance of the rings 
would (as has been shown by Maxwell, Art. ‘ Capillarity,” 
“Enc. Brit.”) be half their circumference. As the diameter 
increases, the rings would move apart, and the distance between 
them would be a maximum when @ = 64°'2, being 17 per cent. 
greater than in the case of the cylinder. When 6 = 90°, the 
figure is a sphere, and the distance between the rings i; about 
4 per cent. less than in the case of the cylinder. The sphere 
has a larger diameter than any other figure of critical curvature. 
The surface next becomes a nodoid, and the distance between 
the rings diminishes till when @ = 180° they touch, and thus 
the surface reduces to a circle. In the next quadrant the rings 
separate, but the figure is now dice-box-shaped, and the pressure 
exerted by the film is outwards. When @ = 270°, the figure is 
the catenoid. The principal ordinate is then less than that of 
any other figure of critical curvature, and the radius of the rings 
is a mean proportion between this minimum ordinate and the 
maximum which was attained in the case of the sphere. The 
same relation holds between the principal ordinates of any two 
figures which correspond to values of 6 which differ by 180°,. In 
the fourth quadrant the figure becomes an unduloid, the pressure 
isinwards, the rings continue to separate, and the ratio of the 
distance between the rings to the principal ordinate is a maxi- — 
mum when 6 = In the paper tables and curves are given to 
illustrate the ‘‘ march” of these functions. To secure con- 
tinuity, the problem is discussed without reference to the ques- 
tion as to whether the surfaces are in stable equilibrium, though 
those i1 the first and fourth quadrants and figures corresponding 
to values of @not much >z/2 and not much <3z/2 certainly 
are. In conclusion it is shown that by means of the curves we 
can solve a number of problems with sufficient accuracy for 
practical purposes. Thus, if any two of the three quantities, 
the diameter of the rings, the distance between them, and the 
diameter of the surface of critical curvature, are given, the third 
can be found. 
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SECTION B—CHEMICAL SCIENCE 

Absorption Spectra of Uranium Salts, by Dr. W. J. Russell 
and W. J. Lapraik.—This paper wis communicated by Dr. 
Russell, who pointed out that well-marked absorption bands in: 
the visible spectrum are produced by the different salts of this 
metal ; the bands produced by the uranous salts are distinct from ~ 
those given by the uranic salts ; both consist, however, of three’ 
distinct bands or groups of bands. The bands produced by the 
uranous salts are at the red end of the spectrum, whilst those 
due to the uranic salts are at the blue end; and when both 
classes of salts are mixed in solution there are three series of 
bands distributed with tolerable regularity over the whole of the 
spectrum. Exp2rirsents with different salts show the nature of 
the acid radical to have no influence on the spectrum, whereas 
in the case of other metals, such as cobalt, it has been found that 
different radicals produce different spectra. The spectrum’ 
common to all uranic salts is slightly altered by the addition of 
free acid ; a diminution in intensity in the least refrangible bands 
and a slight shift in others has been observed. Crystals of 
uranic nitrate give an absorption spectrum similar to that pro- 
duced by its solutions. The spectrum of the uranous salts if 
less refrangible than that of the uranic salts ; the examination of 
the spectra produced by the uranous salts in the solid state was 
found to be more complex than those given by these salts in 
solution. r 

The Air of Dwellings and Schools, and its Relation to 
Disease, by Prof. Carnelly.—The author gave an account of an — 
elaborate series of experiments conducted by him and Dr. Hal- 
dane at Perth and Dundee, in connection with the sanitary and 
school authorities, the object being to determine the relations 
between the composition of the air and the death-rate in houses — 
and schools, and also the effect of various systems of ventilation. 
For this purpose the carbon dioxide, organic matter, and micro- 
organisms were determined, both in the outside air and in the 
room to be examined. In the air of the towns of Perth and 
Dundee a distinct increase of impurities could be detected in 
close parts of the towns as compared with the open spaces. In 
examining the dwelling-houses, the experimenters had authority 
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from the sanitary officers, and visited bed-rooms and similar 
places during all parts of the day or night, while aciually occu- 
pied by the inhabitants. Houses are divided in the tables into 
one-, two-, and four-roomed dwellings, and mention was made 
of some cases in single-roomed dwellings in which eight persons 
‘were found sleeping in a single bed, and in many cases no bed 
was found in the dwelling at all, The impurities in the air of 
such houses were naturally much greater than in better class, 
and by a careful comparison of chemical composition of the air 
with the death-rates from various causes in the various classes of 
houses, it was shown that on an average the length of life in a 
one-roomed house was only twenty years, whilst that in better- 
class houses is forty years. Hence a person born and living in 
a one-roomed house has a chance of living only half as long as 
those born and living in a four-roomed house. This depends 
naturally to a considerable extent on other causes than impure 
air-supply. Some irregularity was observed in the cases of 
consumy tion, scarlet fever, and diphtheria, which is, however, 
quite capable of explanation. The influence of cubic space on 
the purity of the air in dwelling-rooms was somewhat un- 
expected, the best results being noticed when 1000 cubic feet 
was allowed for each person. With larger rooms, owing to 
stagnation of the air, the result is not so good. Sixty-eight 
schools in Dundee were examined ; of these, twenty-six were 
mechanically ventilated, while the others were ventilated by 
means of windows. The advantages were distinctly in favour of 
mechanical ventilation, the micro-organisms being one-seventh, 
and the carbon dioxide one-half of that in the other schools. 
Mechanical ventilation not only materially improves the quality 
of the air, but also has less influence in unduly reducing its tem- 
perature. On comparing together Loys’ and girls’ schools the 
air is almost invariably less pure in boys’ schools. The amount 
of carbon dioxide does not afford any indication of the amount 
of organic matter or micro-organisms, except by taking the mean 
of a large number of experiments. Cleanliness of person has a 
comparatively small influence on the number of micro-organisms, 
but cleanliness of dwelling-rooms and schools has a most im- 
portant effect. Hence the air of new schools is distinctly better 
than that of older buildings. In conclusion, the author suggested 
that in many cases the evil said to be due to over-pressure in 
schools was doubtless due to imperfect ventilation, and that if 
Dundee may be fairly regarded as an example of a British town, 
then certainly our schools are most imperfectly ventilated ; and 
that for improvement in this respect the advantage of mechan- 
ical ventilation should be strongly insisted upon. 

The Preservation of Gases over Mercury, by H. B. Dixon, 
M.A., F.R.S.—From a statement in Bence-Jones’s ‘ Life of 
Faraday ” it would appear that a difference of opinion between 
Faraday and Davy existed on this point, and according to the 
experiments of the former gases cannot be indefinitely preserved 
over mercury, whilst the latter found that hydrogen could be 
preserved over mercury for a considerable time without suffering 

change. The author has examined various gases, including 
hydrogen, cyanogen, sulphur dioxide, and electrolytic gas, which 
had been kept over mercury for periods ranging fro. 25 to 94 
years, and concludes that the gases had suffered no change in 
the time. 

The Dist: ibution cf the Nitrifying Organism in the Svil, by 
R. Warington, F.R.S.— Previous experiments have shown the 
limit of depth at which this organism exists in soil to be about 
18 inches, but later experiments have shown it to exist at depths 
of 3 feet, and in some cases at depths of 5 and 6 feet. 
The Fading of Water Colours, by Prof. W. N. Hartley, 
_F.R.S.—The author, referring to the correspondence in the 

Times and to an article in the Wéveteenth Century on this 
subject, pointed out that two ideas had been brought forward 
in connection with this matter—one being that water-colour 
drawings fade on keeping, while others have contended that the 

tints increase in depth on keeping for a length of time. Hence, 
on the one hand it has been recommended to keep water-colour 
drawings in the light, while others have suggested that darkness 

is preferable. Colours used are of two kinds, mineral and 
organic. Mineral colours are generally unalterable, except in 
_ special colours, such as lead. The tendency is for red light to 
“act as an oxidising agent on such colours, while violet light 
exerts a reducing action. But in the case of organic colouring- 

_ matters oxidation is promoted by light from either end of the 
spectrum. Acidity in any form is a great cause of the deteriora- 
~ tion in water-colours. The chief sources of acidity are the im- 
" purities in the atmosphere in presence of moisture, imperfectly 

nl 

NATURE 511 

prepared colours, and the acidity of the paper. The paper is 
always itself slightly acid, and the ue of size or gum is a 
source of acidity, while the burning of coal and of gas in towns 
produces a sensible amount of sulphurous acid in the atmosphere. 
The author has carefully examined the effect of acids, of ex- 
posure to sunlight, of hydrogen peroxide, and of sulphurous acid 
in the case of sixteen common water-colours. As a result he con- 
cludes that the character of the colours examined is very creditable 
to the manufacturer. Lakes are very permanent in pure air; 
while cases are known where indigo has remained unchanged 
for upwards of 1800 years. Indigo is, however, liable to be 
attacked by acids. Generally the effect of chemical agents upon 
water-colours is what might have been expected from their 
chemical composition. Thus yellows containing cadmium sul- 
phide are bleached by oxidising agents. In some few cases, 
however, unexpected results were obtained. Ultramarine is 
very readily affected by dilute acids; 10 preparation of lead 
should be used as a pigment either for oil or water-colour 
drawing. It is shown that many water-colour drawings have 
been exposed to light for fifty years or more in properly arranged 
galleries, without appreciable deterioration. The tendency is 
to produce apparently darker tints, owing to the lighter tints 
being most likely to fade, while the brown colour developed 
in the paper itself tends to produce a similar effect. To pre- 
serve delicate sunlight effects the drawings should be kept in 
rooms imperfectly illuminated, and preferably with blinds trans- 
mitting a yellow or brown light. They should be carefully 
protected from the effects of an impure atmosphere, while paste 
or gum should not be used in affixing them. A slight wash of 
borax on the paper destroys its acid reaction, and makes the 
colours fix readily on the fibres. A small quantity of borax 
might be used in the water employed for mixing the colours. 
For illuminating galleries incandescent lamps are to be pre- 
ferred to lighting by the electric arc, as the latter may be 
regarded as a sure means of destruction of the colours. 

The Colour of the Oxides of Certum and its Atomic Weight, 
by H. Robinson, M.A.—A criticism of the work of Wolf, on 
the atomic weight of cerium, published in the American Fournal 
of Science and Art, 1868, upon which the atomic weight, 138 
cerium, given in Clark’s ‘‘ Constants of Nature,” is based. The 
author contends that Wolf’s method of preparation would give 
lanthanum and not ceric oxide; experimental evidence was 
given in support of this contention ; further the author maintains 
that ceric oxide is yellow and not white, as described by Wolf. 

Cn the Relative Stability of the Hydrochloride C\)ff,,Cl Pre- 
pared trom Turpentine and Camphene respectively, by E. F. 
Ehrhardt (Mason College).—According to Ribau the first of 
these hydrocklorides is the less easily decomposed by water, 
whereas the author finds it to be the one most easily decomposed 
under the influence of temperature. Ata low red heat Tilden 
has shown turpentine is more completely dissociated than cam- 
phene, and this the author has shown to be true for lower tem- 
peratures. The paradoxical result that the hydrochloride of the 
moe stable hydrocarbon is less stable than that from the unstable 
one, is regarded as proving this compound to be a molecular one, 
in which the chlorine is associated with the hydrogen of the acid 
and at the same time to the hydrocarbon. Bs 

On Derivatives of Tolidine and Azotolidine Dyes, by R. F. 
Ruttan, B. A., M.D.—An account of the preparation of tolidine, 
which is the homologue of benzodine, and obtained by a similar 
mode of preparation. Several derivatives of this base wer 
described, as also azotolidine or tetra-azoditolyl, which is pro- 
duced by the action of nitrous acid on the base. This compound 
forms the starting-point in the preparation of a series of important 
dyes, by which cotton and wool fibre may be dyed without the 
use of a mordant. re 

On the Chemistry of Estuary Water, by H. R. Mill, D.Sc. 
—The salinity (ratio of total dissolved matter in water) has been 
determined from point to point in the Firth of Clyde and Firth 
of Forth. In the case of the latter the distribution of salinity 
has been shown to be constant all the year round, whilst in the 
‘case of the Clyde there are periodical variations through the 
whole mass of the water. In the case of the Forth River 
entrance, it is evident a mixture of river and sea water takes - 
place by a true process of diffusion, maintaining a constant gra- 
dient from river to sea. The dissolved matter of fresher water 
was found richer in calcium carbonate than sea water. 

The Essential Oils; a Study in Optical Chemistry, by Dr. 
Gladstone, F.R.S.—After explaining how the refractive equiva- 
lent of an organic compound may be used to determine its con- 
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stitution, the author pointed out that the dispersion equivalents 
can be similarly used. The author also discussed the refraction 
and dispersion equivalents of the turpenes, citrenes, camphor, 
and of some other members of the group of essential oils, and 
showed how these values were of service in determining the 
constitution of these bodies. 

An Abparatus for Maintaining Constant Temperatures up 
to 500° C., by G. H. Bailey, D.Sc., Ph.D.—The substance to 
be heated is placed in a glass tube, together with the bulb of an 
air-thermometer, which are inclosed in a wider tube resting on 
the iron casing of a furnace. The air-thermometer serves to 
measure the temperature, and is connected with a gas regulator, 
by which means the temperature may be kept constant at any 
desired temperature below that at which combustion-glass 
softens. 

Treatment of Phosphoric Crude Ironin Open-Hearth Furnaces, 
by J. W. Wailes.—The process is similar to the ordinary 
puddling operation, and is conducted in a furnace with a basic 
lining ; the metal is, however, removed from the furnace in a 
molten condition. 

Notes on the Basic Bessemer Process in South Staffordshire, 
by W. Hutchinson.—The process described differs from the 
ordinary basic process inasmuch as the converting is conducted 
in two stages: (1) desiliconising of the metal in an acid-lined 
converter; (2) the dephosphorising in a converter with a basic 
lining. 

Production of Soft Steel in a New Type of Fixed Converter, 
by G. Hatton.—Description of a converter, which is claimed to 
have many advantages over the Bessemer converter. 

T. Turner, Assoc. R.S.M. (Mason College), read a series of 
papers relating to the chemistry of iron and steel. The first was 
On the Influence of re-melting on the Properties of Cast Iron. 
No general rule can be laid down as to the influence of re-melt- 
ing on the properties of cast iron ; chemical changes take place 
during the melting: the amount of silicon is reduced whilst that 
of the sulphur is increased, and the effect of re-melting will be 
dependent upon the proportion of these elements present in the 
cast iron; a single melting will be sufficient to produce a 
deterioration in the qualities unless the silicon is in excess. A 
second paper was Ox Silicon in Cast Tron. Addition of silicon 
to hard white iron causes it to become soft and grey, and too 
much silicon makes the iron weak ; by adding silicon in right 
proportion cast iron can be made of any desired degree of hard- 
ness. The third communication was one On Silicon in Lron 
and Steel. The author has succeecled in making a steelin which | 
the carbon is replaced by silicon, which can be hardened like | 
steel, is very tough when cold, and is well adapted for tools, | 
but is difficult to work when hot. The author gave a short 
description of a method for estimating carbon in iron or 
steel. 

A New Apparatus for Readily Determining the Calorimetric 
Value of Fuel and Organic Compounds, by W. Thomson, 
F.R.S.E.—The apparatus-described is an improved form of 
the calorimeter due to Lewis Thompson; the substance is 
burnt in a stream of oxygen instead of mixing it with potassium 
chlorate, as recommended by Thompson. ; 

On some Decompositions of Benzoic Acid, by Prof. Odling, 
F.R.S.—When benzoic acid is heated in sealed tubes at about 
260° with an aqueous solution of zinc chloride, it is decomposed, 
and yields chiefly benzene, together with a small quantity of 
diphenyl. 

On the Methods of Chemical Fractionation and The Fractiona- 
tion of Yttria, by W. Crookes, F.R.S.—In the Presidential 
address this subject was referred to, and in this communication 
a detailed account of the operation of ‘ fractionation” is given. 
Fractionation, briefly, consists of first fixing upon some chemical 
reaction in which there is a likelihood of a difference existing in 
the behaviour of the elements under treatment ; this is then per- 
formed in an incomplete manner, so that only a portion of the 
total bases present is separated, the object being to get part of 
the material in the insoluble and the rest in the soluble state. 
In the second communication the author described the fractiona- 
tion of the earth yttria; in this case the fractionation has been 
greatly facilitated by the use of what the author styles the 
“‘radiant-matter test,” which is dependent upon the spectra 
given by these earths when phosphoresced iz vacuo. It would 
appear that there are certainly five, and probably eight, con- 
stituents into which yttrium may be split. 

| manganese bed are erroneously marked on the Geological Survey 
| maps as mineral veins, though Sir Andrew Ramsay was of 

| show plainly that the deposits are truly stratified beds, or pos- 

SECTION C—GEoLocy 

Geysers of the Rotorua District, North Island of New Zealand, 
by E. W. Bucke.—The author of this paper has recently re- 
turned from the Lake district of New Zealand, where he spent 
eighteen months, and had exceptional opportunities for making 
observations upon the volcanic phenomena of the district. The 
largest geyser in New Zealand, that of the White Terrace of 
Rotomahana, is now destroyed. The author determined by 
soundings the depth of the tubes of several geysers of thls 
district, and in the case of an extinct one, that of Te Waro, he. 
was let down the tube. He found that this tube, 13 feet va 
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the surface, opened into a chamber 15 feet long, 8 feet broad, 
and 9 feet high, from one end of which chamber another tube 
led downwards to an undetermined depth. Living among thes 
natives for months, and speaking their language, the author was 
convinced that by constant observations on the direction of oe 
wind and the condition of the atmosphere they have learnt to 
prognosticate the movements in all these hot springs with — 
wonderful accuracy. He was also able to prove that during the 
whole time of his residence in the district certain of the geysers 
were only in eruption when the wind blew from a particular 
quarter. 

On the Glacial Erratics of Leicestershire and Warwickshire, 
by the Rev. W. Tuckwell.—Gives evidence of a south-western” 
dispersion from Charnwood. In Stockton, a village midway be- 
tween Leamington and Rugby, is boulder-clay containing abund- 
ance of Mount Sorrel granite, of so-called gneiss from Charnwood | 
Forest, largely decomposed ‘‘ pockets ” of red sandstone, blocks — 
of grey sandstone highly glaciated, Bunter pebbles, flints, Car- 
boniferous limestone, Lias rock of a different texture from that 
native to the district. Lying loose in the village street, recently 
inclosed and inscribed, is a fine boulder from Mount Sorrel, 
glaciated, of nearly two tons weight. The author notes extra-_ 
ordinary profusion of Mount Sorrel erratics as far as Leicester ; 
at Rothley, Thurcaston, Anstey ; ‘‘Stone,” or ‘‘Ston,’’ is 
suffix of nearly all the villages along the line. The largest 
boulder found in Leicestershire is near Humberston, estimated 
at twenty tons, partly embedded in boulder-clay which is fille 
with Bunter pebbles and rolled slate from Charnwood. Charn= 
wood stones re-appear north and south of Coventry, at Eathorpe, 
6 miles south-west of Coventry, at Stockton, completing evi- 
dence of a south-west stream from the Charnwood elevation 
throughout the two counties. 

Manganese Mining in Merionethshire, by C. Le Neve Foster, 
D.Sc.—Manganese ore is now being worked in the Cambrian 
rocks at several places near Barmouth and Harlech. It occurs 
in the form ofa bed varying from a few inches to 3 feet in thick- 
ness ; the average thickness is 1 foot to 14 foot. The undecom- 
posed ore contains the manganese in the form of carbonate, with 
a small proportion of silicate; but at the outcrop it is changed 
into a hydrated black oxide. Some of the outcrops of the 

opinion that the deposits were not true lodes. Recent workings. 

sibly various outcrops of one and the same bed, extending over 
a considerable area. The ore contains from 20 to 35 per cent 
of metallic manganese, and is despatched to Flintshire and 
Lancashire for the manufacture of ferro-manganese. The new 
Merionethshire mines are the first instance of workings for cai 
bonate of manganese in the British Isles. 

On the Silurian Rocks of North Wales, by Prof. T. McKenny 
Hughes, M.A., F.G.S.—The author begins by describing some 
sections in the Silurian rocks of North Wales, giving lists of 
fossils from the various horizons in each. He then, by means of 
these and by what he calls syntelism, that is, the occurrence of 
similar sequences of beds of the same characters, lithological or 
other, points out the corresponding parts of the various sections 
described. He then does the same for the Silurian of the eastern 
borders of the Lake district, and, having in this manner con- 
structed a vertical section of each, compares the two districts and 
shows that there is an identical series in each, with all the 
important zones of one represented in the other, except that i 
the part of North Wales which he has worked out he has no} 
yet detected beds as high as the newer part of the series in the 
Lake district. 
Nite to accompany a Series of Photographs prepared by Mi 

Fosiah Martin, F.G.S., to illustrate the Scene of the recent Vol- 
canic Eruption in New Zealand, by Prof. J. W. Judd, F.R.S.,; 
Pres.G.S.—Owing to the great enterprise and energy shown by 
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the managers of the local newspaper press in New Zealand 
very full and graphic accounts of the volcanic outburst of June 10 
have already reached this country, and have been copied into the 
English papers. On the day of the eruption, Dr. James Hector, 
C.M.G., F.R.S., the Director of the Geological Survey of New 
Zealand, started for the locality, and his preliminary report, 
accompanied by maps and plans, has been published. Dr. 
Hector concludes that the eruption was a purely hydrothermal 
phenomenon on a gigantic scale, and that it was unaccompanied 
by any ejection of freshly molten lava either in the form of 
fragmental matter or of lava-streams. I have been favoured by 
Mr. J. E. Clark, F.G.S., with specimens of the material ejected 
during the eruption, and the microscopic examination of these 
entirely supports Dr. Hector’s conclusions. It is a most un- 
fortunate circumstance that the beautiful sinter-terraces of 
Rotomahana appear either to be blown to fragments or covered 
up under the enormous masses of mud thrown out in that 
locality. It luckily happens that a number of most excellent 
photographs, which illustrate very beautifully the characters of 
the wonderful sinter-formations, have been obtained. Mr. Josiah 
Martin, F.G.S., has especially devoted himself to the study of 
the district, and the series of photographs now exhibited con- 
stitute an invaluable record of the characters of the district 
destroyed by the eruption. These photographs show the points 
at which the volcanic cones were formed upon Tarawera, and 
the beautiful characters of the White Terrace (Te Terata), and 
of the Pink Terrace (Otukapuarangi), and the other wonders 
which surround the now destroyed Lake of Rotomahana. Now 
that the European settlement has been formed at Rotorua, a 
great service would be rendered to science if a meteorological 
station could be established there, and by simultaneous observa- 
tions of the atmospheric conditions, and of the state of activity 
of the numerous hot springs, the question of the exact relations 
between these two sets of phenomena clearly established. When 
we remember that a fall of r inch in the barometer is equivalent 
to the removal of a load of nearly 90,000 tons over every square 
mile of surface, the effect produced on a district where steam 
issues whenever a walking-stick is thrust into the ground must 
be enormous. What is especially needed, however, by vulcano- 
logists is a carefully tabulated series of records in the place of 
the general statements which have hitherto been published on 
this most important question. 

The Relations of the Middle and Lower Devonian in West 
Somerset, by W. A. E. Ussher, F.G.S.—It has been suggested 
by Mr. Champernowne that the Foreland and Hangman grits 
might really be the same series, the appearance of conformable 
superposition of Lynton upon Foreland beds at Oare being 
ascribed to inversion. According to this view the downthrow 
of the fault at Oare would be to the north. The paper dis- 
cusses this suggestion, its important bearing on the mapping of 
the area entitling it to consideration. The author advances five 
points in favour of the hypothesis, and three adverse to it, and 
gives some reasons why such difficulties as are experienced in 
drawing boundaries between the Foreland grits and Hangman 
beds might reasonably be expected to occur. The arguments 
against the identity of the Foreland and Hangman groups are 
too strong to be entertained without positive evidence in its 
favour. The author then briefly disposes of the possibility of 
the absence of the Lynton beds east of Luccot Hill being due to 
unconformable overlap of Hangman upon Foreland rocks, point- 
ing out that if such were the case conglomerates ought to be 
found in the Hangman series, and the junction should also be 
marked by discordant relations of dip and strike. 
A Scrobicularia Bed, containing Human Bones, at Newton- 

Abbot, Devonshire, by W. Pengelly, F.R.S., F.G.S., &c.— 
Description of a bed of fine sandy mud, to feet thick, crowded 
with Scrodicularia piperata, recently discovered near the head 
of the tidal estuary of the River Teign, Devonshire. Its top is 
1 foot above the level of the highest spring tides in the estuary, 
and its bottom 3 feet above the low-water level. Ten feet down 
in the bed were found the following human bones: a skull, part 
of the left superior maxilla, containing two teeth, a right femur, 
and a right scapula—all believed to be of the age of the deposi- 
tion of that part of the bed in which they lay. From the 
presence of the Scvodicularia there is apparently no doubt that 
since the era of deposition the district has been upheaved not 
less than 14 feet, nor more than 27 feet, and that the time was 
in all probability that of the elevation of the raised beach of 
Hope’s Nose, about seven miles south-east of the Scrodécularia 
bed. 

Ona Deep Boring for Water in the New Red Marls (Keuper 
Marls) near Birmingham, by W. Jerome Harrison, F.G.S.— 
Around Birmingham the Keuper sandstone is divided from the 
Keuper marls by a line of fault running from north-east to south- 
west, roughly along the line of the River Rea. West of this 
fault the Keuper sandstone occupies the surface, and yields an 
enormous and unfailing supply of pure water, the Birming- 
ham Corporation alone pumping about eight million gallons 
daily from three deep wells in this formation. East of the line 
of fault the Keuper red marls form an undulating band from five 
to twelve miles in width, the towns and villages on which 
depend wholly on surface waters, or shallow wells in surface 
gravels, for their water-supply. As the Keuper sandstone un- 
doubtedly underlies the Keuper marls throughout the whole or 
the greater part of this tract of East Warwickshire, it is not sur- 
prising that attempts have recently been made to reach its 
locked-up waters by means of deep borings. Some seven or 
eight years ago the Birmingham Corporation bored in Small- 
heath Park (the southern suburb of Birmingham) to a depth of 
440 feet, entirely in Keuper marls. The object of this paper is 
to describe a boring made during the present year at King’s 
Heath, three miles south of Birmingham, at the brewery of 
Messrs. Bates, in search of water, which is now 667 feet deep, 
and still in marls and shales. From comparisons with the 
Keuper marls of Staffordshire, &c., the thickness of the Keuper 
marls at King’s Heath can hardly be more than 700 feet. It is 
to be hoped that the Keuper sandstone will be reached almost 
immediately, and that its water-bearing properties will be such 
as to satisfy the requirements of the district. 

On an Accurate and Rapid Method of Estimating the Silica 
in an Igneous Rock, by J. H. Player, ¥.G.S., F.C.S.—This 
paper describes a method of estimating the silica in igneous 
rocks by (1) fusing the finely ground rock with a flux prepared 
by mixing carbonates of potash and soda and nitrate of potash ; 
(2) disintegrating the glass so obtained by the action of strong 
nitric acid ; (3) driving off nitric acid at a temperature just 
below 250°, thus rendering all silica insoluble ; (4) treating with 
hydrochloric acid, to leave the silica with some impurity, for 
weighing after calcination; (5) separating the impurity by 
means of ammonium fluoride and weighing it. 

Notes on some Sections in the Arenig Series of North Wales 
and the Lake District, by Prof. T. McKenny Hughes, M.A., 
F.G.S.—In this paper the author describes a number of sections 
which cross the Arenig series in different parts of England and 
Wales, and endeavours to explain some apparent discrepancies 
in what is generally a remarkably constant set of beds. He 
starts with the Portmadoc section, where he considers that the 
chief differences of opinion have arisen from mistakes in the 
explanation of the geological structure of the district, especially 
from the wrong identification of some grit bands on opposite 
sides of important faults. | Following the series to the north he 
shows that, although they vary in thickness, the principal zones 
are still represented near Carnarvon ; and, discussing the ques- 
tion of the unconformity of these beds on the Lower Cambrian, 
he points out that the Lower Cambrian rocks are seen to vary 
so much both in character and thickness within short distances 
in the neighbourhood of the existing outcrop of the Archean 
that any argument founded upon their thinning-out or their dif- 
ferent texture must be received with distrust in an area where 
they are known to have been deposited on the flanks of moun- 
tain-ranges of pre-Cambrian age. He then describes some 
localities in the Lake district where the occurrence of the same 
zones has been determined, and points out the difficulty of 
getting rid of such great thicknesses of deposits of fine mud as 
would be implied in the usual interpretation of those areas. 

On the Rocky Mountains, with Special Reference to that part 
of the Range between the 49th Parallel and Head-waters of the 
Red Deer River, by George M. Dawson, D.S., F.G.S., &c., 
Assistant Director, Geological Survey of Canada.—The term 
“Rocky Mountains” is frequently applied in a loose way to the 
whole mountainous belt which borders the west side of the 
North American continent. This mountainous belt is, how- 
ever, preferably called the Cordillera region, and includes a 
great number of mountain systems or ranges, which on the goth 
parallel have a breadth of not less than 700 miles. Nearly 
coincident with the goth parallel, however, a change in the 
general character of the Cordillera region occurs. It becomes 
comparatively strict and narrow, and runs to the 56th parallel or 
beyond with an average width of about 400 miles only. This 
portion of the western 1nountain region comprises the greater 
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part of the province of British Columbia. It consists of four 
main ranges, or, more correcily, systems of mountains, each in- 
cluding a number of component ranges. These mountain 
systems are, from east to west :—{1) The Rocky Mountains 
proper. (2) Mountains which may be classed together as the 
Gold Ranges. (3) The system of the Coast Ranges of British 
Columbia, sometimes improperly named the Cascade Range. 
(4) A mountain system which in its unsubmerged portions con- 
stitutes Vancouver and the Queen Charlotte Islands. The 
present paper refers to the Rocky Mountains proper. This 
system, between the 49th and 53rd parallels, has an average 
width of about sixty miles, which, in the vicinity of the Peace 
River, on the 56th parallel, decreases to about forty miles. It 
is bounded to the east by the Great Plains, which break into a 
series of foot-hills along its base; to the west by a remarkably 
straight and definite valley occupied by portions of the Columia, 
Kootanie, and other rivers. Since the early part of the cen‘ury 
the trade of the fur companies has traversed this ranze, chiefly 
by the Athabasca and Peace River Passes, but till the explora- 
tions effected by the expedition under Capt. Palliser in 1858-59, 
nothing was known in detail of the structure of the range. 
During the progress of the railway explorations a number of 
passes were examined, and in 1883 and 1884 that part of the 
range between the 49th parallel and latitude 51° 30’ was ex- 
plored and mapped in some detail in connection with the work of 
the Canadian Geological Survey by the author and his assistants. 
Access to this, the southern portion of the Rocky Mountains 
within Canadian territory, being now readily obtained by the 
railway, its mineral and other resources are receiving attention, 
while the magnificent alpine scenery which it affords is beginning 
to attract the attention of tourists and other travellers. The 
results of the reconnaissance work so far accomplished are here 
presented in the form of a preliminary map, accompanied by 
descriptions of routes and passes, and remarks on the main 
orographic features of the range. 

Surface Subsidence caused by Lateral Coal-Mining, by Prof. 
W. Benton, A.R.S.M.—A paper showing that a large amount 
of coal is annually sacrificed in British mining for the lateral 
support of neighbouring and disinterested surface proprietaries ; 
pointing out the results of this sacrifice, and enumerating the 
considerations which should govern the extent of this support. 
A New Form of Clinometer, by John Hopkinson, F.L.S., 

F.G.S.—A ‘‘day and night” compass-card is set to true north 
over the compass-needle, which necessarily points to magnetic 
north. The diameter of the card is less than the length of the 
needle, so that the points of the needle project beyond the card, 
and the correction made is seen and can be adjusted when 
required. The same result would be attained by placing the 
card below the needle. The clinometer dip is as usual below 
the magnetic needle, and can be easily seen outside the compass- 
card. The advantage of being able to take the amount and 
direction of the dip of strata with a single instrument without 
loss of time and liability to error in making the correction for 
magnetic deviation, and at the same time having the points of 
the compass exposed for more miiute observations if required, 
must be obvious. The present deviation is 17° 50’ W. of N., 
and it is lessening. The instrument was exhibited. 

Statistics of the Production and Value of Coal Raised within 
the British Empire, by Richard Meade, Mining Record Office. 
—This paper, prepared at the request of the Committee to 
accompany other papers on the Colonial coal resources, gave 
particulars of the quantity and value of coal raised for several 
years past, in many cases for ten years. We give here only the 
amount and value quoted for the latest year in each case :— 

Quanti le 
Date rey wees 

Queensland ... 1885 ... 209,500 ... not given 
New Zealand 1883 408,831 ... 360,622 
Victoria 1884 not given ... 3,280 
Natal 1883 5,000 ... 1,000 
Indiagi t=. | cet. nas, 92883) 1,315,976 ... 657,988 
Cape of Good Hope 1884 9,000 .., 7,250 
Tasmania w. =©1884 PETOU. |. or 6,381 
Canada ae cee LOH: 1,876,643 ... 619,336 
United Kingdom 1885 ... 159,351,418 ... 41,139,408 

On Canadian Examples of Supposed Fossil Alge, by Sir 
William Dawson, LL.D., F.R.S.—Markings of various kinds 
on the surfaces of stratified rocks have been loosely referred to 
Algze or Fucoids under a great variety of names; and when 
recently the attempt was made in Europe more critically to define 
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and classify these objects, a great divergence of opinion deve- : 
loped itself, of which the recent memoirs of Nathorst, William-— 
son, Saporta, and Delgado may be taken as examples. The 
author, acting on a suggestion of Sir R. Owen, was enabled, in 
1862 and 1364, by the study of the footprints of the recent 
Limulus polyphemus, to show that not merely the impressions _ 
known as Protichnites and Climaclichnites, but also the sup: 
posed Fucoids of the genera Rusophycus, Arthrophycus, and 
Cruziant are really tracks of Crustacea, and not inprobably of 
Trilobites and Limuloids (‘On Footprints of Limulus,” Cana 
dian Naturalist, 1862; ‘On the Fossils of the Genus Ruso- 
phycus,” ibid. 1864). He had subsequently applied similar 
explanations to a variety of other impressions found on Paleo- 
zoic rocks (*‘On Footprints and Impressions of Aquatic Ani- 
mals,” American Fournal of Sience). The object of th 
present paper was to illustrate, by a number of additional ex- 
amples, the same conclusions, and especially to support the 
recent results of Nathorst and Williamson.  Rzsichnites, 
Artirichnites, Chrossochorda, and Cruziana, with other forms 
of so-called Bilobites, are closely allied to each other, and are 
explicable by reference to the impressions left by the swimming 
and walking feet of Limulus, and by the burrows of that animal. 
They pass into Protichnites by such forms as the P. Dvisid of 
Williamson, and Saerichnites of Billings, an1 Dislichnites of 
the autho. They are connected with the worm-trac<s of the 
genus Wereites by specimens of Arthrichnites, in which the 
central furrow becomes obsolete, and by the genus Gyrichnites 
of Whiteaves (7yansactions of the Royal Society of Canada, 
1883). The tuberculated impressions known as Piymztoderma 
and Cauderpites may, as Zeiller has shown, be made by the 
burrowing of the mole-crick+t, and fine examples occurring in 
the Clinton formation of Canada are probably the work of 
Crustacea. It is probabl2, however, that some of the later 
forms referred to these genera are really Algz related to Caulerpa, 
or evea brancies of Conifers of the genus Brachyphyllum. 
Nereites and Planulites are tracks and burrows of worms, with 
or without marks of setee, and some of the markings referred to 
Puleschorda, Paleobhycus, and Scolithus have their places 
here. Many examples highly illustrative of the manner of 
formation of these impressions are afforded by Canadian rocks. 
Branching forms referred to Licrophycus of Billings, and some 
of those referred to Buthotrephis, Hall, as well as radiating 
markings referable to Srotulithus, Gyrophyllites, and Asterophy- 
cus are explained by the branching burrows of worms illustrated 
by Nathorst and the author. Astvofolithon, of the Canadian 
Cambrian, seems to be something organic, but of what nature 
is uncertain. Rtadbdichnites and Lophyton belong to impressions 
explicable by the trails of drifting sea-weeds, the tail-markings 
of Crustacea, and the ruts ploughed by bivalve mollusks. 
Den trophycus, Dictyolites, some species of Delesserites, Aristo- 
Phycus, and other branching and frond-like forms, were shown 
to be referable to rill-marks, of which many fine forms occur in 
the Carboniferous of Nova Scotia, and also on the recent mud- 
flats of the Bay of Fundy. The genus Spirophyton, properly 
so called, is certainly of vegetable origin, but many markings o 
water-action, fin-marks, &c., have been confounded with these 
so called ‘*Cauda-galli Fucoids.” On the other hand, some 
species of Paleophy-us, Buthotrephis, and Sphenothallus were 
shown to be true Alga, by their forms and the evidence. of 
organic matter, and Aaliserites, Parrin leina, and Nemato- 
phycus were shown to include plants of much higher organisatio! 
than the Algz. With reference to the latter, it was held that 
the form to which the name Protofaxites had been given was really 
a land plant growing on the borders of the sea, and producing 
seeds fitted for flotation. On the other hand, certain forms to 
which he had given the name Wematoxylon were allied to Algee 
in their structure, and may have been of aquatic habit ; very 
perfectly preserved specimens of these last had been recently 
found, and had thrown new light on their structure. The author 
proposed to apply to all these problematical plants, having a 
tissue of vertical and horizontal tubes, the general name Vemato- 
phytee or Nematophyton. The paper referred to the history 
of opinion on these objects and the bibliography of the subject ; 
but this, as well as detailed descriptions, are omitted in this 
abstract. ? a 

Notes on some of the Problems nrw being Investigated by th 
Oficers of the Geological Survey in the North of lreland, chiefly 
in Co. Donegal, by Prof. E. Hull, LL.D., F.R.S.—The author 
stated that the investigations of the Survey were confined to the 
counties of Antrim and Donegal, and, restricting his observa- 
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tions to the latter, he said the problem was whether or not there 
were two great serics of metamorphic rocks unconformable to 
each other, the older referable to the Archean age, the newer 
to the Lower Silurian. Some reference was made to the great 
faults and foldings of these beds, which were stated to range 
generally in N.N.E. and S.S.W. lines. It was considered that 

the granites might belong to at least two periods—the intrusive 
being distinct both in age and structure from the metamorphic 
€ranite and gneiss. Other points noticed were the occurrence 
of numerous basaltic dykes, probably of Tertiary age, traversing 
the gneissose rocks ; and marginal representatives of the Lower 
Carbonife ous period. 

On the Classification of the Carboniferous Limestone Series ; 
Northumbrian Type, by WWugh Miller, F.R.S.E., F.G.S., of 
H.M. Geological Survey.—The object of this paper was to 
show that the classification proposed twenty years back by G. 
Tate of Alnwick is still sufficient, not only for North North- 
umberland, where Tate established it, but also for the south of 
the county. Prof. Lebour has proposed another classification 
on the assumption that Tate’s divisions either do not exist in 
Nature, or do not persist throughout the county. Tate’s classi- 
fication, amplified in some not very important details, and 
adapted to the work of the Geological Survey, is as follows :— 

Feet 

Felltop or Upper Calcareous Division :— 
| From the Millstone Grit to the zone 

of the Great Limestone. Sandstones 
and shales; one or more beds of 
marine limestone, including the Fell- 
top Limestone; some coals... ... 

Calcareous Division:—From the great 
Limestone to the bottom of the Dun cr 

| Redesdale Limestone. Many beds of 
| good marine limestone ; sandstones 

and shales ; coals 

Upper 
Lime- 
stone 
Series 

350-1200 

1300-2500 

 Carbonaceous Division  (Scremerston 
Beds of North Northumberland :— 
From the Dun or Redesdale Limestone 
to Tate's ‘‘ Tuedian Grits.” Strata 
prevalently carbonaceous ; limestones 
chiefly thin, many of them containing 
vegetable matter; coals ... ... ... 

| Tuedian Division :—Upper Tuedian or 
7 | ell Sandstone Group, the ‘* Tueaian 

Grits” cf Tate:—From the Carbon- 
aceous Group to the Cement-Limestones. 
Great belt of massive grits (Tweed- 

¢ mouth, Chillingham, the Simonside, 
| and Harbottle Hills, the Peel, and 

Bewcastle Fells). Shales greenish 
and reddish as well as carbonaceous 

| gray; coals rare, thin, or absent 
Lower Tuedian or Cement-Limestone 

F | Group :—From the tase ef the Grits 
downwards, Cement-stone bands 
passing into limestones (Rothbury, 
Bewcastle) ; coals very rare ; gener- 

| ally some coloration of the shales 
sine SEWER YOINES Eee Aon Seo toe SB 

Basement Conglomerates (Upper Old 
PEC SSAUASUGNE) sO CHL an ateuens. ieee 

__ No’es on the Crystalline Schists of Lreland, by Ch. Callaway, 
D.Sc. M.A., F.G.S.—The author gives a summary of results 

_ obtained by a preliminary survey of the principal areas of Irish 
_ metamorphic rocks in Donegal, Connemara, and the south- 
eastern corner of the county of Wexford. In each of these areas 
the following facts were observed :—(a) A series of hypometa- 

morphic rocks, consisting typically of fine-grained schists, 
altered grits, and quartzites. A clastic structure is more or less 
~ distinct in the three areas, but is least evident in Connemara. 
_ (4) A group of highly crystalline schists, displaying no trace of 
an original sedimentary origin, dipping as if it passed below the 

_ hypometamorphic rocks. At Wexford there are {rue gneisses, 
_In Connemara the rocks are less feldspathic, the chief types 
being quartzose gneiss, quartz-schist, mica-schist, hornblende- 
‘schist, quartzite, and crystalline limestone. This description 
will also apply to Donegal. (c) Granite, underlying (4), and in 
oe remara and Donegal clearly intrusive. The author urges 

Tn 

800-2500 

Lower | 
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stone 
Series 

500-1600 

500-1500 

ca 
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that this analogy is not due to the metamorphic action of the 
granite ; for—(1) The mineral characters apparent in the schists 
adjacent to the granite are uniformly distributed through the 
lower series from bottom to top. (2) The evidence collected is 
hostile to the view that this lower series ever graduates into the 
upper. It is concluded that the balance of proof is in favour of 
the Archean age of the bulk of the Irish schists. (s) In the 
Wexford district the schists are thrown against Cambrian and 
Ordovician rocks by faults, and do not pass into them in the 
Iecalities alleged by the Irish Survey. (2) In Connemara con- 
glomerates of Llandovery age contain large rounded fragments, 
not only of the older schistose series, but also of its intrusive 
igneous rocks, (3) In the Ulster region the metamorphic area 
is separated from the Ordovician rocks of Pomeroy by a ridge 
of granite and dioiite three miles in breadth. The lithological 
analogies between the Irish schists and the Archean rocks of 
Anglesey and other British metamorphic districts are also of 
weight in the argument. 

SOCIETIES AND ACADEMIES 

EDINBURGH 

Royal Society, July 19.—The sense of taste, by John B. 
Haycraft. Sensation or feeling is a result of the operations of 
the external world upon our sentient bodies. A vibration of 
light, a sonorous wave, a molecule of sugar or of musk stimulates 
the appropriate nerve through the mediation of a little sensitive 
cellule in the eye, the ear. the tongue, or the nose. A motion 
called a verve motion is then set up, passes to the brain, and if 
this organ is in a state of activity we are conscious of a feeling 
or sensation. In the case of sound and light the character of 
the vibration determines the quality of the sensation produced. 
Thus, a certain complex vibration of light produces a sensation 
we call crimson, a certain complex vibration of sound we recog- 
nise as coming from a violin-string. Motion is thus transmitted 
into a nerve motion cr impulse, which gives rise to a sensation. 
Of the thousand qualities of sensation all have a counterpart in 
the thousand variations of motion outside the body, The 
physiologist knows little more about the production of the sense 
of taste than those facts which are the intellectual property of 
every one. The object of the author of the paper of which this 
is a short abstract is to show that taste in its method of produc- 
tion is precisely analogous to sight and hearing. The truth of 
this is indicated by the striking similarity in structure between 
the end-organs of all the special senses, which are all developed 
from primitive ectodermic cells, of much simpler form. Spectro- 
scopic investigation has demonstrated, too, that the sapid and 
odorous molecules vibrate constantly and in a manner character- 
istic of each substance. We have, then, in the case of taste (and 
it is hoped subsequently to demonstrate this in the case of smell 
as well), vibrating matter and a sensitive end-organ, conditions 
analogous with those present in the other senses. If it can be 
shown that substances vibrating in the same manner produce the 
same taste, the analogy will be complete. It has been found by 
Newlands and others that if the elements be arranged in aseries, 
starting with that metal which has the lowest, and passing up 
to that which has the highest, atomic weight, a periodic recur- 
rence of chemical and physical properties is observed. Thus 
lithium, the seccnd in the series, is similar to sodium, the ninth, 
and potassium, the sixteenth, and so on, This is called the 
periodic law. The author finds that there is also a periodicity 
as regards taste production. Thus the chlorides or sulphates of 
a series of similar elements—called a group of elements by 
Mendelejeff—have similar tastes. It is curious, however, that 
the taste changes slightly but uniformly as we pass to the higher 
members of a group. ‘Thus the chlorides of lithium and sodium 
are salt, but as you pass to the higher members of the group 
the taste becomes more saline and very slightly bitter. Now 
Prof, Carnelley has recently discovered that compounds con- 
taining elements of the same group have similar colours, the 
colour changing, however, uniformly—passing to the red end of 
the spectrum—as we reach the higher members of a group. 
Colour is periodic. But this indicates that the elements 
of the same group are vibrating in a similar way. If the lower 
member be yellow from absorption of the blue, the next one 
will have vibrations of nearly the same pitch, being in reality at 
a somewhat slower rate of vibration, and absorbing rays nearer 
the red end. Here, then, is the analogy sought for. A group 
of salts of similar chemical properties have their molecules in a 
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similar vibrating condition, giving rise to similar colours and 
similar tastes. A study of the carbon compounds yields as con- 
clusive evidence. The alcohol bodies, such as mannite, grape- 
sugar, glycerine, glycol, are sweet. They possess a certain 
common molecular structure and a compound radical, CHy.OH. 
Associated with this radical is the taste called sweet, just as 
are associated with it many chemical and physical proper- 
ties. Common alcohol is tasteless, but it is monatomic, all the 
polyatomic alcohols having a sweet taste. The organic acids, 
too, have a radical, CO.OH, with which seems to be associated 
their acid properties and the power of producing a special taste. 
Now it is certain that compound radicals, like elementary 
substances, vibrate in a definite way, however they are com- 
bined. A coloured acid like chromic and picric acid forms a 
class of coloured salts. Ammonia viewed in quantity shows 
characteristic absorption-bands ; replace an atom of hydrogen 
by ethyl or methyl, and the same bands are to be observed, 
shifted, however, slightly towards the red end of the spectrum. 
We see, then, in the carbon compound the radical vibrates, 
modifies light passing through it in a definite way, and affects 
the sensorium by causing the production of a definite sensation 
of colour. So too it can produce a definite taste sensation. I 
do not hazard an opinion as to how the molecule stimulates the 
end-organs in the tongue. Too little is known about the stimu- 
lation of the retina by light. Whether or not in both cases it 
is mechanical, one cannot say. As to its being chemical action, 
it may well be asked, What is this? Chemical action itself may 
perhaps be most satisfactorily interpreted by the use of a mecha- 
nical hypothesis. Much has yet to be discovered as to the exact 
relationship between vibration and taste sensation. That this 
relationship exists, is all the author wishes to prove. When 
spectroscopic investigation of the invisible spectrum is more 
advanced, what Helmholtz has done for sound may also be done 
for taste, and we may know the exact vibrational counterpart of 
a taste quality as we know it already of the sound of a violin- 
string. 

PARIS 

Academy of Sciences, September 13.—M. Emile Blanchard 
in the chair.—Experiments on the electrical conductibility of 
gases and vapours, by M. Jean Luvini. A series of experiments 
are described, which have led the author to the general conclu- 
sion that, under all pressures and at all temperatures, gases 
and vapours are perfect insulators, and that they cannot be 
electrified by friction either with themselves or with solid or 
liquid bodies. Crucial tests were applied to air saturated with 
the vapour of water at temperatures ranging from 16° to 100°C. ; 
to hydrogen and carbonic acid not dried, but just as they left 
the bath generating them ; to the vapour of mercury at 100° C. ; 
the vapours of sal ammoniac ; air heated by live embers or the 
flame of a candle; the fumes of sugar, camomile, incense, &c., 
none of which vapours gave the least indication of conductibility. 
Hence to suppose, as is generally done, that very rarefied gases, 
or gases at very high temperatures, are conductors, is a mistake 
due to confusion between resistance to disruptive and conductive 
discharges. Thus Masson has shown that at like potential the 
distance of the disruptive discharge in the air is twelve or 
thirteen times greater than in water, which simply means 
that the resistance of water to the disruptive discharge is greater 
than that of air, not that air is a better conductor than water. 
Henceforth physicists will have to reject all theories regarding 
the electricity of machines, the air, or clouds, in which moist air 
is assumed to be a conductor, or in which gases and vapours 
are supposed capable of being electrified by friction.—Quanti- 
tative analysis of the dry extract of wines, by M. E. Bouilhon. 
In order to shorten the ordinary tedious process, some chemists 
separate the liquids by means of porous bodies increasing the 
surface of evaporation. But this method leads to falla- 
cious results, numerous experiments showing that all increase 
of the surface lowers the weight of the residuum to a 
very considerable extent, in consequence of the evapora- 
tion of a portion of the glycerine. Thus a litre of claret 
yielded 22°4, 22°0, and 21°2 grammes of sediment according 
to the various forms and sizes of the vessels employed in the 
process.—On /ecampia erythrocephala, anew species of Rhabdo- 
cele, parasitic and nidulating, by M. A. Giard. This species, 
which is very common on the coasts of Fécamp and Yport, is 
shown to differ considerably from Graffilla and the different 
genera of Rhabdoccele hitherto described. It appears greatly 
to resemble a parasite discovered by Lang in the foot of Zethys 
fimbriata, and a more complete study of this Mediterranean type 
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will no doubt show that, like the parasite here described, it also” 
secretes a cocoon.—Researches on the circulatory apparatus of 
the Ophiures, by M. R. Koehler. The circulatory system of these 
organisms, as here described, appears to be very analogous to_ 
that of the Echinidze, as already revealed by previous investiga 
tions of the author and M, Prouho. Both groups present the 
same structure of the madreporic gland, the same relations o 
this gland, on the one hand with the periphery, on the other 
with a peribuccal ring ; two peribuccal rings throwing off two 
branches in the same directions ; lastly, the absence of aboral 
circle.—On the heart, digestive tube, and reproductive apparatus 
of Amarecium torguatum (a Compound Ascidian), by M 
Charles Maurice. _ In this paper the author determines the true 
physiological functions of some of the organs already obsenmagy 
by Seeliger, Von Drasche, and Della Valle in other species o 
Ascidians.— On the annual movement of the barcmeter in Euro- 
pean Russia, by General Alexis de Tillo. While the yearly 
oscillations of the barometer in Siberia may be figured by a 
curve of somewhat simple type, those of European Russia are 
shown to be of a much more complicated character. From the 
numerous records published by the St. Petersburg Central Phy- 
sical Observatory, the author has deduced the mean monthly 
readings for eighty meteorological stations in this region, ani 
these data have enabled him to determine the mean type of the 
annual barometrical curve for the centre of European Russia, 
As it advances eastward in the direction of Siberia and Central 
Asia, this curve loses its secondary maxima and minima, while 
on the other hand its amplitude increases gradually. 
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THURSDAY, SEPTEMBER 30, 1886 

OUR GUNS 

WA HEN a careful engineer sets about designing a 

structure, he first determines the strain which the 

several parts of it will have to withstand ; he then selects 
his material and proportions it so that it will be able 
to carry the strains safely ; in determining the margin 
which should be allowed he uses judgment based upon 

his own experience or that of others who have designed 
similar structures ; and if the strains be difficult to deter- 

mine, or if they be of the nature of severe and sudden 
shocks and complicated cross strains he increases his 
margin in proportion. Experience has shown, for ex- 
ample, that wrought iron in the form of a railway bridge 

may be worked safely at a load equal to one-fourth of 
that which will break it down, a cast-iron bridge to one- 
sixth. The builder of a steam-engine rarely loads those 

parts of his machinery which have to endure sudden and 
reverse strains to more than one-eighth or one-tenth of 
their ultimate strength. If his structure fail, the first 
thing the engineer does is to re-calculate his strains and 

the dimensions he has given to the various parts, and if 
these should prove correct he seeks for the cause of 
failure in unlooked-for defects in his material ; and if 

failure in the same class of structure, of various sizes, 

recur repeatedly in the same place, he comes to the con- 
clusion, either that he has under-estimated the strains, or 

that the margin of safety which he has allowed is not 
sufficient. An engineer accustomed to act in this manner 
must look with dismay upon the report of the Committee 

appointed to examine into the cause of the failure of the 
12-inch gun of the Collingwood, and of other guns of 

similar construction. It is possible, of course, that the 
Committee have been able to calculate the strains which 
tend to destroy the guns, and have satisfied themselves 

that sufficient metal has been provided for the purpose ; 

but, if so, it is much to be regretted that they have not 

seen fit to make the results of their investigations public, 
because it would have been instructive to know how the 

stresses are arrived at and what margin of safety is con- 
sidered sufficient for a gun. When Colonel Maitland 

read his paper on our new guns at the United Service 
Institution in the middle of 1884, the strains certainly 

were not known to the Ordnance Committee, because the 

pressure curves, purporting to represent one-fourth of the 
bursting pressure of the guns, and which were given on 
the official drawings, were incompetent to account even 

for the muzzle energy which the shot was supposed to 
possess, and consequently provided nothing whatever for 
other important work which has to be performed during 
the discharge. This fact was pointed out by the Zugineer 
early in 1885, in an article commenting on one of the 

Howard Lectures which had just been delivered at the 
Society of Arts, and the weak point in our guns was 

actually indicated before any failures had taken place ! 

How much has the knowledge of the Ordnance Com- 
mittee advanced in the meantime, and is four still con- 

sidered a sufficient factor of safety ? Any careful engineer 
who reflects on the strains a gun is subjected to would 
certainly class it among steam-engines, subject to the | 
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Toughest work, and not to the class of railway bridges, 
which have well-defined and simple strains to stand. 
What takes place when a gun is discharged? First, 

there is the direct pressure of the gases, which is still 

very imperfectly known. Next, this pressure travels 
along the bore at a very rapid rate, producing.a shearing 

strain between the material in advance of, and in rear of 

the base of the shot, and this strain is intensified at each 
point where a sudden change of thickness takes place. 
Thirdly, there is the reaction to the force producing 
rotation of the shot, which tends to twist the barrel. 

Fourthly, there are the strains produced by the momentary 
presence of a white-hot body pressing against the walls 

of the bore with a pressure ranging from 25 tons to 1 ton 

per square inch; and, lastly, there is the longitudinal 
strain representing the reaction between the pressure on 
the base of the bore and the inertia of the gun itself. 
What engineer would dream of counteracting such strains 

as these with a less margin than eight or ten, if he were 

perfectly unfettered, and if he were certain of the manner 

in which the strains were transmitted through the metal 
of the gun ; but even on this point there are grave doubts, 

for it seems almost certain that the strains travel as pulses 
or vibrations, in a manner which sets at defiance all 

ordinary modes of calculation. No engineer would be 
surprised if guns, with a factor of safety of only four, 
burst frequently. 

But it will, no doubt, be argued that guns of the strength 
suggested would be impracticable. We do not hold that 

opinion, because weight ina gun, even for naval purposes, 

is not objectionable, since the force of recoil diminishes 
with the increase of weight, and the metal appropriated 
to the gun would be saved in the carriage and structure 

of the ship ; while, for land service, weight can be no 
objection whatever. The Committee make no allusion to 
a necessity of keeping down the weight of guns, hence it 
must be supposed that they would not sacrifice safety to 
this end, although it is well known that there is a kind of 

race among gun-makers to produce the greatest amount 
of shot-energy per ton of gun. It seems to us, therefore, 

most unfair that the whole blame of our failures is to rest 
on the Royal Gun Factory, that is, on the quality of 
material and on the manufacture, when it is certain that 

the faults are faults of design—a want of sufficient metal 
—a view which the Committee adopt by their acts, though 

not by their words ; for they are adding largely to the 
weight of the guns in the very parts which experience 
and the investigations of outsiders have proved to be 
deficient in strength. 

But although the Ordnance Committee are reticent as 
to the scientific views which they hold respecting the 
structure of guns, they have a way of taking the public 
into their confidence, through the instrumentality of a 

lecture delivered by one of their body, whose talents as 

an agreeable expounder of popular science are well known, 

and they show much wisdom in making these manifesta- 
tions take the form of lectures instead of papers read 

before scientific Societies. The advantage of a lecture is 
that no awkward questions can be asked, and no fallacies 
or errors pointed out. Thus, when the 7hunderers gun 

burst, Sir Frederick Bramwell delivered a very pleasant 
lecture at the Royal Institution, and the other day the 
same gentleman selected the subject of our guns as the 

Z 
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theme of his address to the Midland Institute at Birming- 

ham, and, we have no doubt, charmed his audience with 

his manner and ready wit. But what is there in either of 

the lectures just mentioned that throws the slightest light 
on the real difficulties of the subject? Why was not Sir 
F. Bramwell moved to read a paper at the meeting 
of the British Association which took place a few 

weeks ago in the very building in which he addressed 

the Midland Institute? Had such a paper been read, 
a most interesting and animated discussion would have 
arisen, and the nation would have had the advantage of 
learning the opinions of men who have devoted their 
lives to working out the problems connected with the 
theory as well as the practice of the construction of 

ordnance. We are driven to the conclusion that the 
Ordnance Committee considered that such a course would 

have been dangerous to their self-respect ; the deplorable 
ignorance which characterises all attempts at working 

out difficult questions by Committees would have been 
too glaringly exposed ; it was much safer not to subject 
themselves to cross-examination. 

If we are wrong, if the Committee have complete 
answers to the questions raised, it is open to them to 

convince the nation of the fact, because the sessions of 

the Institution of Civil Engineers will very soon com- 
mence, and some member of the Ordnance Committee 
should be deputed to read, not a popular lecture, but a 

serious paper that will demonstrate to a roomful of 

practical engineers that our guns have been constructed 
according to the rules which guide engineers in their 
ordinary work, and that yet they have failed. We have 
small hopes that the challenge will be accepted. 

THE MATHEMATICAL AND PHYSICAL 
SCIENCES. 

fistoire des Sciences Mathématiques et Physigues. Par 
M. Maximilien Marie. Tomes 1.-IX. (Paris: Gauthier- 
Villars, 1883-86.) 

MARIE’S great work advances rapidly towards 
* completion. The first three volumes appeared 

in 1883 ; the concluding three are in the press; we have 

now before us nine volumes, bringing down the narrative 
from the time of Thales to the time of Laplace. The 
undertaking is a vast one ; and we are not surprised to 
hear that it has cost forty years of preparation. The 
learned world is to be congratulated that it has fallen 

into such able hands. M. Marie combines, in a rare 

degree, scientific with literary qualifications. A certain 
grace and poignancy of style set off his wide erudition 

and practical acquaintance with methods of teaching. 
He can be vivacious even over processes of integration. 
The accumulated mass of his materials nowhere hinders 

the lightness of his tread. Keen touches of sarcasm en- 
liven his most abstruse expositions, and agreeably remind 
his readers that a sense of humour may subsist concurrently 
with a thorough mastery of the higher analysis. 

He has accordingly produced a book which, with these 
merits and some corresponding defects, only a French- 
man could have written—one eminently interesting and 
original, at once lively and profound, instructive through- 
out if occasionally one-sided, frankly displaying the pre- 
possessions of its author, and not unfrequently—as we 

is 

shall presently show—his heedlessness of historical and 
biographical accuracy. Its characteristic merit consists 
in the lucid interpretations contained in it of the older 
methods of mathematical research. The works of ancient 
and medieval geometers are analysed, not barely in the 
view of exhibiting the results attained by them, but with 
the further purpose, most completely realised, of render- 
ing their various artifices and modes of working intelli- 

gible to the least skilled in the archeology of mathematics. 
M. Marie’s is indeed in no sense a book for beginners. 

It presupposes a considerable acquaintance with the most 
recent developments of analysis. The reader thus pro- 

vided may, however, follow with ease and pleasure the 
steps by which earlier inquirers advanced ; he may enter 
into their conceptions, place himself at their precise point 
of view, and while marvelling at the ingenuity which 

carried them so far, study the limitations of thought 
which hindered them from proceeding any farther. He 
may learn how the singular deficiency in the idea of 
abstract number which hampered the workings of such 

luminous and powerful minds as those of Archimedes, 
Apollonius, and Euclid, was supplied from the far East ; 
how Hindu algebra and arithmetic formed the comple- 
ment of Greek geometry ; how both were transmitted 
through Arabic channels to Italy, and together constituted 

the starting-point of modern discoveries. Nor is it less 
curious to watch the gradual emergence of ideas big with 

the progress of the future, such as those of negative and 
imaginary, or infinitely small quantities ; how they pre- 
sented themselves with hesitation, and were at first 

shunned and distrusted; how they grew bolder and 
insisted on recognition ; how their tentative and partial 
treatment became widened and generalised until they 
finally developed the whole extent of their capabilities. 

It is well known that Archimedes gave the first approxi- 
mation to the value of 7 ; but the occasion and significance 

of the step are often lost sight of. It marked, with the 

almost simultaneous attempt of Aristarchus of Samos to 
measure the relative distances from the earth of the sun 
and moon, the introduction of numerical calculation into 
theoretical researches (Marie, t. i. p. 59). The novel 

effort was prompted, in each case, by the interest of a 

special problem. Archimedes, naively enough, sought to 
prove that the idea of infinity had its root in enumerative 
impotence, and could be abolished by expanding the 
resources of arithmetic. He exemplified his contention 

by computing the number of grains of sand contained in 
a sphere with the interval from earth to sun for its radius. 
But a preliminary valuation of the ratio between the 
circumference of a circle and its diameter was indis- 

pensable ; and the tract on the “Dimension of the 
Circle” was accordingly, in M. Marie’s plausible view, 

written as a kind of preface to the “ Arenarius.” Inci- 
dentally to the calculations in the latter treatise, he per- 

fected the Greek system of numeration, and foreshadowed 

the principle of logarithms. 
M. Marie has ventured a kind of restoration of the 

“algebra” of Archimedes (t. i. p. 262). His remarks on 
this disputed subject are of great interest. He holds it 
impossible that his inventions should have been reached 
by the arduous path of his demonstrations ; and ascribes 
to him, accordingly, the possession of a compendious 

method of reasoning founded on the transformation of 
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ratios, conducting easily to results otherwise unattainable 

even by his transcendent genius. The secrecy observed 

regarding it may have been due, in part to the difficulty 
of setting it forth in the absence of a suitable algorithm, 
in part to the conventional prevalence of the synthetic 
mode of exposition. The art was doubtless held in 
common with Apollonius, and other geometers of the 
time ; but was treated as a mere rude tool, not worth the 

labour of bringing to a higher perfection. Had this early 

analysis been independently cultivated, and set free from 
its servitude to geometry, the “method of exhaustions” 
must, by its aid, in our author's opinion, have given birth 
to the Calculus eighteen hundred years before Cavalieri 
thought of his “ infinitesimals.” 

The work before us aims, above all, at developing, asa 
coherent whole, the logical sequence of ideas. It would 
be unfair to say that this aim has been missed ; yet we 
cannot help thinking that it might have been more per- 
fectly attained. A vivid light, it is true, is frequently 
thrown upon obscure passages of research, and the filia- 
tion and significance of discoveries are, here and there, 
brought out with uncommon sagacity. Nevertheless, 
there is something wanting which M. Marie could easily 
have supplied. 

A somewhat fragmentary plan has governed the com- 
position of the book. The twenty-four centuries embraced 
by it are divided into sixteen periods of very unequal 
length, treated each in a section apart, consisting of a 
prefatory sketch of the progress accomplished during its 
course, followed by a series of biographies of those who 
contributed towards it, arranged in strict chronological 
order. Chemists and mathematicians, astronomers and 
botanists, mechanicians and physiologists, are thus placed 
side by side, with no closer tie of connection than the suc- 
cessive occurrence of the years of their birth. We have 
no sooner done with Lagrange’s Calculus of Functions 
than we are confronted with Watt’s transformation of 
Newcomen’s steam-engine ; the convulsions of Galvani’s 
memorable frog succeed; and we pass thence to Par- 
mentier’s triumphant growth of potatoes on the plain of 
the Sablons,—all subjects of great interest, and treated 
with singular charm. Yet their variety, if it form, in a 
certain sense, an attraction, demands a stronger bond of 
unity than is here afforded. The true historical element, 
in short, is deficient. Nor is the want satisfactorily sup- 
plied by M. Marie’s sixteen prefaces. We should be 
sorry to lose them; but they do not suffice. The absence 
of a connected narrative is still sensibly felt. Even if its 
design had otherwise remained unchanged, the book 
might at least have been provided with a general intro- 
duction, delineating and characterising the course of 
events to be detailed, pointing out the confluence, at 
epochs of discovery, of various and distant streams of 
thought, and presenting, in one luminous view, the pro- 
gress in exact knowledge made by our race from the first 

Perhaps it may not even 
yet be too late to add to a most valuable work a supple- 
mentary volume which would go far towards rendering it 
complete. 

In another direction, M. Marie has perhaps unduly 
extended the scope of his enterprise. To have treated 
adequately the history of 2// the sciences, natural as well 
as mathematical, would have demanded, not a dozen, but 
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fifty volumes. Yet all are nominally included in his 
scheme, while, in point of fact, those branches of know- 
ledge remote from his principal theme receive only the 
casual attention of some stray jottings, with biographical 
notices of their leading promoters. 

His choice of representative names, too, is open to 

criticism. Among omissions, that of Adelard of Bath, 

the first translator of the “ Elements of Euclid” from the 

Arabic, is very remarkable. He was one of the most 
effective popularisers of Arab science in the thirteenth 

century, and played no unimportant part in the revival of 
mathematical learning. Yet he is not only ignored by 

M. Marie, but his version of Euclid is handed over to 
Campanus of Novara, with whose commentary it was 
published at Venice in 1482, and who has in conse- 

quence frequently gained the credit of its execution. 
Nor should the unfortunate Cecco d’Ascoli have been 

altogether forgotten. His “ Acerba,” if not all that it has 
been claimed to be, contains many striking intuitions of 
natural truths. M. Marie, however, takes little interest 
in the premonitory symptoms of discovery ; and the rage 
for unearthing its obscure anticipations has possibly been 
carried a little too far. We miss, further, the name of 

Giambattista della Porta, the effective inventor of the 
camera obscura, whose “Magia Naturalis” was of 
European fame and influence. And William Cullen, the 
founder of rational chemistry in Great Britain, was at 
least as well worthy of notice as Kunckel, known in con- 
nection with the manufactures of ruby glass and of phos- 
phorus, to whom just three times the space is allotted as 
to Black, the discoverer of “fixed air,” and of “latent 
heat.” 

A crowd of superfluous names, on the other hand, 
might be cited. It seems ungracious to object to the 
presence of a sketch so interesting in itself as that of the 
career of Ambroise Paré ; yet it is not easy to see what 
the treatment of gunshot wounds has to do with the 

history of mathematical or physical science. Equally 

outside the proper scope of its cognisance are Henkel’s 

improvement of Dresden china, Bose d’Antic’s contribu- 
tions to the art of glass-making, Perronnet’s bridges, 
Trudaine’s “superb” highways, and Vaucanson’s auto- 
mata. If these give a valid title to admittance, why 
exclude Hargraves, Arkwright, Smeaton, MacAdam, and 
a host besides? Why should the spinning-jenny be 
passed over in silence, when Loriot’s ribbon-loom comes 
in for honourable mention? In truth, however, industrial 
and mechanical inventions belong elsewhere. 

It remains that we should justify our hint that M. 
Marie’s facts and dates occasionally stand in need of 
revision. A perusal of Prowe’s “Life of Copernicus ” 
would have obviated several inaccuracies in his brief 
account of the reformer of astronomy. ‘The intention of 
Copernicus to embrace the ecclesiastical state was not 
superseded, even momentarily, by his journey to Italy ; 
on the contrary, he received his appointment as Canon 
of Frauenburg in 1497, shortly after he had entered the 
University—not of Padua, as stated by M. Marie, but of 
Bologna. Nor was he ordained a priest at Cracow in 
1501. Hetook minor orders on entering the Chapter, 
but 2ever became a priest ; and his sojourn in Italy was 
unbroken between 1501 and 1505. Moreover, his 
doctoral degree (not in medicine, but in canon law) 
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was conferred at Ferrara, May 31, 1503. He sought, no 

diploma at Padua, though he studied medicine there 
during the four years of his second stay in Italy. The 
assertion that at the age of twenty-seven he was sum- 

moned to profess mathematics at Rome is inexact. Un- 

invited, so far as is known, he repaired thither with his 

brother early in the year of jubilee (1500) ; and delivered 

unofficially some brilliantly-attended lectures during ‘the 
ensuing winter. Finally, he settled down to his life’s 
work at Frauenburg, not in 1510, but in 1512. 

One rubs one’s eyes in amazement to find Basil 

Montagu’s discredited and superseded edition quoted as 
the best and completest of Bacon’s Works. Is it really 
possible that the news of the late Mr. Spedding’s labours 
has not yet reached Chantilly? It would appear not; for 

his name is unmentioned by M. Marie, who equally over- 
looks Mr. Fowler’s instructive edition of the “ Novum 
Organum.” 

In the date assigned for Robert Hooke’s death, he 
copies an error of Poggendorff’s, who states that he died 

at the age of eighty-seven, whereas he did not live to 

complete his sixty-eighth year. The substitution of 1722 

for 1703 is of more than simply formal importance, since 

the publication of Newton’s “ Optics” and his acceptance 
of the Presidentship of the Royal Society, both depended 
upon the event thus post-dated. Newton loathed con- 
troversies, although drawn into many. But while Hooke 

lived, they could only be avoided by self-effacement ; and 

this was accordingly the policy adopted, as far as possible, 
by his great rival. 

M. Marie makes no secret of his aversion to the sour 
little professor of Gresham College ; and it is too true 
that his character repels sympathy, while his achieve- 
ments were not of the dazzling sort to blind men to his 

failings. Still, his claim to due recognition remains 
intact, although ignored by our author, who states openly 
that only Poggendorff’s eulogies, by “forcing his hand,” 

frustrated his intention of punishing his egotism with 
neglect. Yet Hooke, by Newton’s express admission, 

discovered independently the law of inverse squares, and 
it is not too much to say that, but for his incitements, 
Newton would not have undertaken the investigation 

which led to his immortal discoveries. 

M. Marie’s grudge against Hooke does not seriously 

detract from the value of his work; but it is otherwise 

with his ill-will towards Newton. Not only is he avow- 

edly the partisan of Leibnitz in the never-ending debate 
concerning the invention of the Calculus ; but his dislike 

(not wholly unjustifiable) to Newton’s conduct in the 

matter extends to all the processes of his mind. He 
compels himself, it is true, to utter a few obligatory words 
in acknowledgment of the greatness of his work; but its 
entire significance seems to escape him. His readers 

are only quite casually reminded that the discovery of 
the system of the world was of greater moment in the 
history of science than the solution of the problems of 
the brachystochrone, or of the centre of oscillation. 

We are told by M. Marie that Newton represented his 
University in Parliament from 1688 until 1705, during 

which time he was assiduous in his attendance, but 

spoke once only, to request the usher to shut a 
window (t. v. p. 170). In fact he sat three (1689-90, and 
again 1703-5), not seventeen, years. At p. 162 of the 

same volume we meet the surprising statement that 

Halley predicted for 1682 the return of the comet ob- 

served by Kepler in 1607. It is almost superfluous to 

remark that its appearance in 1682 was as unlooked-for 
as that of any of its predecessors, that its periodical — 
character was then first divined, and in 1759 verified. 

The observation made by Wilcke in 1787 that the 
auroral corona forms in the magnetic zenith is attributed 
by our author to De Mairan in 1747. The eminent 
Academician, we can assure him, would have been the 
last to welcome a remark so subversive of the arguments — 

by which he sought to efface the magnetic character of | 
the. phenomenon. Neither is it the case that Halley 
noticed the bisection of the auroral arch by the magnetic — 
meridian. Obvious though the coincidence appear, it — 

was first pointed out by Ussher in 1788. : 
We note further M. Marie’s curious incredulity as to 

the authentic measurement, so far, of the parallax of any : 

single star; his statements that the accepted value of the — 
solar parallax is 8”'5 (t. ix. p. 43), that the mass of the 

moon is ,\; that of the earth, and that Herschel detected 
interstitial movements in resolvable nebulz (t. ix. p. 145); 

finally, his ascription to Sir Wz//éam Herschel of the 
translation of Lacroix’ “ Differential Calculus” executed 
by his son conjointly with Babbage and Peacock. J 

These and other similar blemishes, however, are very 
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far outweighed by the merits of the work in which they 
occur. It is one of marked individuality ; and indivi-— 

duality lends interest, if it sometimes begets defects. No 
student of the higher mathematics should leave it unread; 

its perusal cannot fail to afford pleasure, as well as to- 
widen comprehension of modern methods by their com- 

parison with those they have succeeded, and by the 
intelligent survey of their growth in the past. 

CHEMISTRY OF WHEAT, FLOUR, AND 
BREAD 

Chemistry of Wheat, Flour, and Bread, and Technology 
of Bread-making. By William Jago. (Brighton; Pub- 

lished by the Author, 1886.) 

HIS bulky volume professes to treat of its subject: 
in an exhaustive manner. Wheat, flour, and 

bread-making are as important as they are universal ; 
and if they are common-place, their study requires dee 
insight into chemical science, Mr. Jago’s book will for: 
a valuable addition to economic science. The compo 

sition of wheats from all parts of the world, the minut 

structure of the grain, the composition of milling products, 
and the processes of panary fermentation, fall properl 
within the limits of such a work, and are dealt with in an 

exceedingly painstaking manner. The various methods 
of bread-making, the chemistry of the art, and the effec 
of blending different descriptions of wheat so as to secure 

the best possible results, are amply and ably discussed 
Modern milling and baking appliances are also describe 
carefully and illustrated graphically. There is likewis 
enough of the author’s own thought and research to re 
deem the work from the stigma of being mere compilatio: 
The book is decidedly useful, and, making due allowance 

for the progressive state of our knowledge upon many o! 

the topics dealt with, it will probably be received as 
standard work. It brings within its ample limits a vas 
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amount of information which has usually, and we think 
appropriately, been treated of by separate authorities. 
The book is, in fact, a sort of encyclopzdia of bread- 
making, and this being the case, it is open to the faults of 
such works. The design or scope is too large, and the 

matter introduced to our notice is often too remotely 
relevant to the immediate wants of the reader. A 
definition of chemistry, a table of atomic weights, 
an explanation of chemical equations, atoms and mole- 
cules, are scarcely necessary in this connection. Simi- 
larly, we cannot approve of lessons upon _polarisa- 
tion of light, the uses of the microscope, and the camera 

lucida being introduced zz extenso into a book specially 
treating of a technical subject like this. Such knowledge 

ought to be assumed as already possessed by the reader ; 

and as well might the author have given instruction upon 
the origin and uses of decimal fractions, or led up to his 

subject by several preliminary volumes dealing with the 

whole “circle of the sciences.” Certainly he lays him- 

self open to the charge of instructing either too much or 
too little. He deals with abstract scientific problems 
lying at the root of chemistry, and with the vulgar pro- 
cesses of the cook and the baker; and treats with equal 
facility of the microscope and the flour-mill. We had 
rather leave the minuter criticism of this voluminous 

work to the many experts whom it concerns, and who 
will no doubt be ready to detect any errors into which the 
indefatigable and talented author may have fallen. If 
Mr. Jago is ever tempted to bring out a second edi- 
tion, we may recommend the use of the pruning-knife, 
which, if judiciously and freely used, will leave a better 

proportioned but less bulky treatise in our hands, 
JOHN WRIGHTSON 

OUR BOOK SHELF 

American Fournal of Mathematics, vol. viii. No. 3. 
(Baltimore, July 1886.) 

IN her note on “the binomial equation x” — 1 = 0,” Miss 
Scott gives a somewhat simpler form of the equation for 
quartisection than that given by Prof. Cayley (Z.dZath. 
S.Proc., vol. xi. pp. 11-14), and works out the equation for 
quinquisection on apparently different lines from Mr. 
F. S. Carey’s solution (cf. Prof. Cayley, Z.Wath.S.Proc., 
vol. xii. and vol. xvi.). Mr. F. N. Cole furnishes “A 
Contribution to the Theory of the General Equation of 
the Sixth Degree,” which is interesting from the historical 
details which he gives. He acknowledges his great 
indebtedness to Klein, but there is a good deal of 
original work in the note. Mr. J. C. Fields gives a 
neat “proof of the elliptic-function addition-theorem.” 
The fzece de résistance of the number is, however, 
the long-looked-for notes of “Lectures on the Theory 
of Reciprocants,” by Prof. Sylvester. These are de- 
signed as “a practical introduction to an enlarged 
theory of algebraical forms, and, as such, are not con- 
structed with the rigorous adhesion to logical order which 
might be properly expected in a systematic treatise. The 
object of the lecturer was to rouse an interest in the sub- 
ject, and in pursuit of this end he has not hesitated to 
state many results, by way of anticipation, which might,’ 
with stricter regard to method, have followed at a later 
point in the course.” The lectures, which are ten in 
number, have been reported by Mr. J. Hammond. The 
subject, which, it will be remembered, was fully brought 
before our readers by Prof. Sylvester’s inaugural lecture, 
printed zz extenso in NATURE (vol. xxxiii. pp. 222-231), 
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has already attracted many of our younger mathemati- 
cians, so that there is hope of the Professor’s closing 
aspiration of creating ‘such a school of mathematics as 
might go some way at least to revive the old scientific 
renown of Oxford ” being soon an accomplished fact. 

The Non-Euchidian Geometry Vindicated: a Reply to 
Mr. Skey. (Transactions of Wellington Philosophical 
Society.) 

A PAPER entitled “On the Simplest Continuous Mani- 
foldness of Two Dimensions and of Finite Extent,” by 
Mr. F. W. Frankland, was read before the London 
Mathematical Society, December 14, 1876 (Pvroc., vol. 
viii. pp. 57-64), and was subsequently published in our 
columns (vol. xv. p. 515) This same paper, or one of 
similar character with identical title, appears to have 
given rise to a paper by Mr. Skey, which took the form 
of notes on Mr, Frankland’s paper, and was read before 
the Wellington Philosophical Society on June 26, 1880 
(published in the thirteenth volume of the 7razsactions 
of the New Zealand Institute). The pamphlet before us 
is an abridgment of a series of letters in which Mr. 
Frankland convincingly replies sevza/zm to the main 
points raised by Mr. Skey, and maintains his former 
ground by additional arguments. 

LELLERS, LO) RHE 2 DITOR: 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice ts taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space 1s so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.) 

The Sense of Smell 

I KNow a person who has never been conscious of any odour 
from a bed of mignonette, and I know auother person who has 
never been conscious of any odour from a bean-field. Both of 
these persons have the sense of smell acute and discriminating as 
regards other odours. 

I know persons who cannot discover a difference between 
certain odours which are very different to ordinary persons. 
Then there are persons who are sickened by certain odours 
which usually give pleasure. A considerable number of persons 
seem to be altogether destitute of the sense of smell ; and onthe 
other hand there are a few who have the sense very strongly 
developed. 

I am at present investigating peculiarities of this sense, and 
I shall feel obliged to any one who will furnish me with illustra- 
tions or examples—whatever their character may be—with such 
fullness and precision as will enable me to use them in ascientific 
inquiry. ARTHUR MITCHELL 

34, Drummond Place, Edinburgh, September 24 

Paleolithic Implements in Cambridgeshire 

Few Paleolithic implements have, I believe, been discovered 
in Cambridgeshire, although they are abundant in the gravels 
of the neighbouring counties of Suffolk and Essex. It may 
therefore interest your readers to learn that three implements 
have lately been found near Kennet, on the surface of a field 
not far from the high-road from Newmarket to Thetford. Two 
of the implements are kite-shaped. One, of lustrous black 
flint, is acutely pointed, with sharp cutting edges, and has a part 
of the original crust of the flint left on one of the faces, which 
isless convex than the other. It has lost a portion of the butt- 
end, but is otherwise perfect. ‘The third is a sharp-rimmed 
ovate implement, the surface of which is stained a deep ochreous 
colour. Portions of the original crust remain on the faces and 
base. 
Two other implements of the pointed type have been found 

on the surface near Kennet, but are not in my possession. 
In the winter of 1884-85 several implements and flakes were 



522 NATURE [ Sept. 30, 1886 

found in a ballast-pit opened by the Great Eastern Railway 
Company by the side of the line, about a mile and a quarter 
from Kennet Station, in the county of Suffolk. A reference to 
the Geological Map of the Ordnance Survey, Sheet 51, N.E., 
will show that the gravel in which this pit was opened is an 
extension of that which underlies the site of the above surface 
discovery. The implements from the ballast-pit which have 
come into my possession are of the kite-shaped and ovate types. 
Some are water-worn and abraded, in others the angles and 
edges are as sharp as if made yesterday. 

ARTHUR G, WRIGHT 

Sign-Numbers in Use among the Masai 

AMONG the numerous tribes of Central Africa the Masai are 
distinguished by their use of finger-signs to denote numbers. 
These notorious warriors rarely ever use language to indicate 
nuaobers without accompanying signs on the fingers, though 
very frequently the latter are employed without the former, 
especially in answering questions. 

As by some inadvertency I omitted giving a list of these signs 
in ‘‘ Through Masai-Land,” and Mr. Johnston, in his book 
‘* Kilimanjaro,” has followed suit, it may still be of some 
interest and value to anthropologists to learn what these are. 

English Masai Sign 

1 Nabo First finger held out alone 
2 Aré First and second fingers held out and 

alternately moved backwards -and 
forwards 

3. Uni Thumb and two first fingers placed 
tip to tip 

4 Unghwani First and second fingers laid on top 
of each other 

5 Umiet Thumb placed between first and second 
fingers 

6 Ilé Thumb scratched over nail of second 
finger 

7 Nabishana No finger indication 
8 Usiét Hand held open and vertical and 

moved up and down 
9 Naido Thumb and first finger form a circle 

by joining the tips 
First finger drawn over the nail of the 

thumb 
Same sign as in Io accompanied by 

that for 1. The same rule for the 
succeeding numbers 

The hand closed and opened rapidly 
The same as 20, but followed by the 

sign for I 
First finger held out and shaken by a 

circular movement of the wrist 

to Tomon 

11 Tomoni-obwo 

20. « Tikitum 
2t Tikitum-o-nabo 

30 Othman 

40 Artum The hand held open and vertical and 
shaken or agitated by a circular 
movement of the wrist ; not up and 
down as in 8 

50 Unum Thumb placed between first and second 
fingers, and hand asitated as in 40 

Nail of thumb scratched on nail of 
third finger 

70 Tomoni-nabishana No finger indication 
80 Tomoni-usiét Same as in 8, but sign never employed 

alone 
Same as in 9, but words always em- 

ployed along with sign 
The partially closed hand opened once 

or twice 

60 Tomoni-ile 

go Tomoni-natido 

Ipé 

Ipé-aré 
JosErH ‘THOMSON 

A GLACIAL PERIOD IN AUSTRALIA 

A GREAT many theories have been put forward to 
explain the extensive glaciation which repeatedly 

covered Europe and North America with enormous ice- 
streams. The ingenuity displayed by those who dealt 
with the subject was well worthy of the importance which 
attaches to the solution of the problem. However 
plausible some of the theories propounded may be, still |. 1886: 

it seems premature to approach such a question until 
all the available evidence bearing on the subject has j 
been brought together. The southern hemisphere has, 
up till very recently, revealed only a few, and not very 
important facts, regarding glaciation, and it is evident 
that glacier traces in that hemisphere must be of great 
importance to explain the cause of glaciation ; whether we 
may suppose it to be cosmic or terrestrial. J think, 
therefore, that my discoveries of glacier traces in Australia 
may be of sufficient general scientific interest to warrant 
my giving a short account of them in this journal. 

Dr. von Haast, in his excellent work on the “ Geology — 
of Canterbury and Westland (New Zealand)” gave a 
detailed account of the traces of an extensive glaciation 
in the Middle Island of New Zealand, together with a 
map, showing that at one time the glaciers on the western 
slopes of the Southern Alps in many places reached 
down to the sea, and that those which descended from 
their eastern flanks covered a large portion of the low- 
lands extending between the mountains and the coast- 
line. 

During my exploration of the central part of the 
Southern Alps I observed numerous old morainés and 
roches moutonnées in the area which, according to von 
Haast’s map, had once been covered by glaciers. Parti- 
cularly was I struck with the freshness of the striz, the 
scratches and grooves in the steep and rocky preci- 
pices on the sides of Milford Sound, that jewel of the 
Southern Alps. Capt. Hutton, who examined some of 
the other sounds has not discovered any glacial traces 
there.? 

Even now the glaciers in New Zealand reach down to 
700 feet on the west, and to 2000 feet on the east side, 
which shows that New Zealand must be subject to a very 
different climate to that in similar latitudes—44°—in the 
northern hemisphere. Like Patagonia, New Zealand is 
at the present day to a certain extent 27 a Glacial period. 
The much greater extent of the prehistoric glaciers 
shows, however, that it is now by no means at the height 
of its glaciation. 

Although a Glacial period was shown to have existed 
in New Zealand, there have not up to now been any 
definite statements regarding this subject in the mainland 
of Australia. The Rey. Tenison-Woods* examined 
certain rocks in the Blue Mountains, an insignificant 
table-land to the west of Sydney, and came to the conclu- 
sion that these, which had been supposed to indicate ice- 
action, did not do so, and that in fact there was no 
evidence of a Glacial period in the Blue Movntains. Mr. 
Howitt* came to a similar negative result regardin 
certain gravels and conglomerates, which according to 
others indicated glacial action. Griffiths,® on the othe 
hand, claims these and other conglomerates of Omeo and 
Gippsland as evidences of a Glacial period in Australia. 

Prof. Tate ® described some striated rocks found near 
Adelaide, and Stirling’ has shown that there exist ex- 
tensive traces of glacier action in certain valleys near 
Omeo. 

I myself have,® in several papers, published some 
4 R. von Lendenfeld, ‘‘ Der Tasmangletscher und seine Umgebung,” 

Erganzungsheft No. 75 von Petermann's seographischen Mitthetlungen. 
“The Time of the Glacial Period in New Zealand,” Proceedings of thi 
Linnean Society of N.S.W. for 1885. 4 
- F. M. Hutton, Proceedings of the Linnean Society of N.S.W. for 

pees. Ake of the Linnean Society of N.S.W., vol vii. p 382. 
4 Quarterly Fournal of the Geological Ssciety of London, vol. xxxv. 

ah Evidences ofa Glacial Epoch in Victoria,” Proceedings of the Royal 
Society of Victoria fur 1884. - . 

6 Tate, Anniversary Address, Tvansactions of the Royal Society of Sout 
Australia, 1879-80. : 

7 T. Stirling, ‘‘ Notes on some Evidences of Glaciation in the Austr: 
Alps,” Proceedings cf the Royal Society of Victoria for 1885: 

8 R. von Lendenfeld, “ Official Report on the Exploration of Mow 
Kosciusco to the Government of New South Wales” (Sydney, 1885.) 
“The Glacial Period in Australia,” Proceedings of the Linnean Societ 
of New South Wales for 1885. ‘‘ Report on an Exploration of Mount 
Bogong,”’ Proceedings of the Royal Geographical Society of Victoria for 
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the results of my two explorations of the Australian Alps, 
and described numerous indubitable traces of prehistoric 
glaciers on Mount Kosciusco and on Mount Bogong." 

Mr. Brown, Government Geologist of South Australia, 
has furnished me with photographs of beautifully pre- 
served striz on rocks in the Mount Lofty group near 
Adelaide. Prof. Hutton 2 has taken objection to the con- 
clusions arrived at by myself, and although he acknow- 
ledges a G/acéer period in Australia, objects to its having 
been a Glacial period. If I now revise the facts stated 
by others, and compare them with my own observations, 
I hope I may be able to give some idea as to the time 
and extent of the Glacial period in Australia. Before 
entering on the subject, however, I must give an outline 
of the physiography of the Australian Alps. 

The greater part of Australia is destitute of high 
mountains; only in the south-eastern corner we meet 
with greater elevations. Here a true Alpine chain is 
situated. These Australian Alps consist of numerous 
parallel chains extending from south to north, which are 
curved in such a way as to advance with their convex 
sides eastward. The Australian Alps are very old ; only 
Palzozoic formations participate in the folding which runs 
parallel to the extent of the ridges. The predominant 
rocks on the surface are gneiss-granite and Silurian, 
which appears generally in the facies of brown slate. 
Devonian limestones and slates are found; they are, 
however, not common and discordant to the underlying 
Silurian. The stratified rocks are highly folded, and 
usually with a very large dip or vertical. The Silurian 
appears on the surface in elongated islands or bands (com- 
pare the Government geological map of New South 
Wales), which extend parallel to the strike and to the 
main ranges. The coast-line follows precisely the same 
direction as the mountain-ranges, and the contour 
lines on the steep submarine precipice which extends 
down from it also run in the same direction. It appears 
that these mountains have been formed by a process of 
folding consequent on a horizontal pressure acting from 
west to east, and moving the folds in that direction 
away from a centre of depression sétuated in the tuterior 
of Australia. he steep submarine precipice by which 
the land sinks abruptly to a very great depth appears as 
a more recent fault. 

Volcanic action participated in the formation of the Aus- 
tralian Alps, particularly in the vicinity of Mount Bogong. 
The volcanoes which formed the Bogong basalt plains, 
&c., seem to have been active during the early part of 
the Devonian. It appears probable that the upheaval of 
the Australian Alps—the folding—took place between the 
Silurian and Devonian or in the ealy Devonian. Hardly 
any formations later than the Paleozoic take part in the 
formation of the Australian Alps, and those which, like 
the Miocene in the valleys, have been observed, show a 
perfectly undisturbed horizontal stratification. 

It will be seen from this that the Australian Alps are 
very old, much older not only than the European Alps 
and Himalayas, but older also than the New Zealand 
Alps. The effects of erosion are consequently much 
more matured there than in the other mountain systems 
mentioned, and consequently the appearance of these 
mountains is of particular interest. Only here and there 
rocks crop out on the summits of the hills or form steep 
precipices on their sides. Generally speaking, the moun- 
tain forms are very tame, and round. Mountaineering in 
Australia can generally be performed on horseback. The 
basements of high massive elevations only are left. High 
and sharp ridges weathered into series of grotesque rock 
pinnacles, the characteristic of the much younger Alps of 
Europe, have long since disappeared, and extensive undu- 
lating table-lands now mark the localities where once high 

A detailed account of the results of my explorations will be published in 
the Erganzungshefte zu Petermann's Geografischen Mitthetlungen. 

* Hutton, ‘*The Supposed Glacial Period in Australia,” Proceedings of 
the Linnean Society of New South Wales for 1885. 

peaks have stood. These table-lands are well defined 

and surrounded by steeper inclines, by which they 
descend to the surrounding lowlands. The Kosciusco 
group, from which the highest mountains in Australia 
arise, is a remarkable example of such a table-land, 
extending over an area of 160 square miles, with an 
average height of 5600-6000 feet. 

The highest mountain in Australia, Mount Townsend, 
which I discovered to be the culminating point of Aus- 
tralia, is 7351 feet high.1 There are several other peaks 
in the Kosciusco group over 7000 feet, particularly 
Mueller’s Peak, 7266 feet, which was, up to the time of 
my expedition, considered the highest. Two peaks, which 
I have named Abbott’s Peak and Mount Clarke, are over 
7100 feet high. 

In other parts of the Australian Alps the height of 7000 
feet is nowhere reached. Next in importance to the 
Kosciusco group is the Bogong range, the highest point 
of which was ascended by me this year; it is 6508 feet 
above sea-level. Other peaks on the basaltic plateau 
south of Mount Bogong attain a height of 6000-6400 feet. 

The whole of the Australian Alps consists of several 
hich table-lands divided by very broken and hilly country 
from each other. The lowest levels on the table-lands 
aré usually higher than the hill-tops in the adjacent 
country. The valleys are cut deep into the land. The 
main Alpine valleys have in their upper and middle por- 
tions an elevation of about 2000 feet. Steep gorges and 
waterfalls occur only on the margins of the table-lands. 
Terraces in the valleys themselves are not met with. 

The Australian Alps reach to the sea. The whole of the 
south-eastern coast of Australia is hilly. Towards the west 
and north-west they dive under the Tertiary plains through 
which the Murray River wends its way. In the north 
they terminate on the left bank of the Yass and right 
bank of the Shoalhaven River. The mountainous country 
extends beyond this line to the north-eastern corner of 
Australia with a similar direction of the chains; but in 
this locality the geological structure changes. Extensive 
Triassic and Carboniferous formations take the place of 
the gneiss-granite and Silurian of the Australian Alps 
South-west the Alps may be considered to terminate 
near Melbourne. 

The Australian Alps, from the Murray plain to the sea, 
have a width of about 120 miles on an average, and they 
are, from Melbourne to the Yass River, nearly 400 miles 
long. They are situated between 35° and 39° S. lat. and 
145° and 150° E. long. Their latitude accordingly corre- 
sponds to that of the Sierra Nevada. 

The Australian Alps exercise a vast influence on the 
climate and rainfall, in such a manner that, whilst the 
greater part of Australia south of the zone of tropical 
rains, suffers exceedingly from want of rain, the south-east 
corner—the Alpine part of Australia—has sufficient rain- 
fall for the development of the country. To this climatic 
influence of the Australian Alps the great superiority of 
the colonies of New South Wales and Victoria over all 
the other Australian colonies must be ascribed. 

At Kiandra, situated to the north of the Kosciusco 
group, the only meteorological station at a high elevation, 
there is a very heavy rainfall; from there it rapidly 
decreases as we advance westwards towards the interior, 
and also to the east, although not so much. It increases. 
again on the east coast. 

The Eucalyptus forests of the lowlands extend up to a 
height of about 5800 feet. Higher elevations are desti- 
tute of trees. On the upper margin of tree-growth the 
forest consists of very low and stunted trees belonging to 
the species Eucalyptus eth Se and £. Gunanzi. This 
Alpine forest resembles “ Krummbholz” of our Alps. 

2 T made the ascent of Mueller’s Peak, the height of which was trigono- 
metrically measured by the Victorian Geodetical Survey (Mr. Black), and 
Mount Townsend on the same day, and the height given above was calcu- 
lated from the aneroid readings on doth peaks. 
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It snows in the Australian Alps very much in the 
winter, and the prevailing westerly winter winds pile up 
masses of wind-blown snow just below the high ridges on 
their eastern or lee sice. These masses of snow never 
disappear altogether in summer, and we find eternal snow 
in the Australian Alps at an elevation of 6500 feet. 

The excessively clear and bright Australian atmosphere 
affords no obstacle to the nocturnal irradiation of the 
day’s heat, and so it freezes very frequently there at 
night, even in midsummer, down to 5000 feet. I experi- 
enced severe frosts on Mount Kosciusco in January 1885 
—January corresponds to our July—whilst it was in- 
tensely hot in the adjacent lowlands. 

From these statements it is evident that we have in the 
Australian Alps a formidable mountain-range, which, 
although not glaciated now, would bear glaciers if the 
climate were slightly colder and more humid. 

It seemed particularly surprising, therefore, that the 
older authors on Australian glaciation had given a verdict 
without examining the Alps. If no glacier traces were 
found in the lowlands, they yet might be found in the 
Alps; and if glacier traces were found in the lowlands, 
how much more extensive must they be in the mountains. 
Up the mountains I accordingly went to look for them. 
I undertook two expeditions. In 1885 I visited the 
Kosciusco group and ascended Mueller’s Peak and 
Mount Townsend, and this year I explored the Bogong 
range and ascended the highest mountain in Victoria, 
Mount Bogong. 
The Governments and learned Societies of New South 

Wales and Victoria greatly assisted me in my work by 
pecuniary aid and in other ways, and I am glad here to 
find an opportunity of expressing my gratitude for the 
great—I might say splendid—liberality with which the 
Australians have aided me. Onmy second journey I was 
accompanied by Mr. James Stirling, District Surveyor of 
Omeo, whose well-known essays on Australian glaciation 
have closely connected his name with the subject I had 
in view. 

I was favoured with fine weather on both occasions, 
and on both occasions travelled through country never 
previously explored by any one with practical mountain- 
eering experience. North of Mount Bogong I travelled 
for three days through country hitherto unknown. I 
found glacier traces on both occasions in great abundance, 
and in a sufficient state of preservation to be recognised 
as such without the shadow of a doubt. On the sides of 
the valleys of the tributaries to the Snowy River, which 
drains the eastern slopes of the Kosciusco plateau, I 
found abundant voches moutonnées at levels over 5800 feet, 
and high above the bottoms of the valleys. Also in some 
parts of the table-land itself such were found. With a 
little Alpine experience it is not difficult to discriminate 
between such ice-worn rocks and the ordinary bosses of 
weathered granite. These rocks are particularly well- 
defined in the Wilkinson Valley, the upper part of which 
is situated between Mount Townsend and Mueller’s Peak. 
The bottom of the upper part of this valley is a broad 
and flat plain 6260 feet above sea-level. ‘The hill-sides 
which surround it are everywhere worn down by glacial 
action up to about 800 feet above the valley bottom. The 
upper limit of ice-action is clearly marked, as in many 
valleys of the European Alps, and the thickness of the 
prehistoric ice stream thereby clearly indicated. 

On the southern slopes of Mount Bogong, and also on 
the spurs of the northern flank of the mountain, basaltic 
erratics were found, which rocks could hardly have been 
transported to that locality without ice-action. In the 
valley of Mountain Creek, to the north of Mount Bogong, we 
discovered a large and well-preserved terminal moraine 
at an elevation of about 2800 feet, and some traces of 
others further down the valley. 

The large moraine was carefully studied by Mr. Stirling 
and myself. Rocks of various kinds are scattered 

irregularly in it. It extends from one side of the broad 
valley to the other, and is cut through near the centre by 
the Mountain Creek. On the steep slopes towards the 
stream its composition of rocks brought down by an ice- 
stream can be easily recognised. 

These two expeditions to the Australian Alps convinced 
me that at one time these mountains were glaciated, and | 
the discovery of the moraine in Mountain Creek Valley, _ 
together with Stirling’s (/.c.) elaborate researches in the 
Livingstone Valley, prove that the ice-streams of the 
Glacial period must have descended to pretty low levels. | 
Down to 2000 feet glacial traces have been found in | 
various parts of the Alps, and also in the Lofty Mountains | 
near Adelaide. It is assumed by C. Wilkinson and other 
leading Australian geologists that a pluviatile period existed 
in the Miocene period, and it is obvious that such a period 
would probably be isochronous with the glaciation at high 
levels. 

It is difficult to say whether the Australian and New 
Zealand glaciation was simultaneous, but that also 
appears probable. The better preservation of striae, &c., 
in New Zealand is doubtless due to the greater hardness 
and resisting power to meteorological influences, of the | 
ice-worn rocks in New Zealand than in the Australian 
Alps, where rapidly weathering granite is prevalent. 

Whether this glaciation of Australasia was simultaneous 
with the last glaciation of Europe, or whether it was in 
time situated between the last glaciation and the last but 
one of the northern hemisphere, is not easy to decide. 
It appears nearly certain that it was wof /ater than the 
last European Glacial period, and, as far as my opinion 
of the appearance of the traces it left behind goes, it was 
earlier. It may be hoped that future researches will show 
in a decisive manner whether it was simultaneous or 
earlier. If we do not consider merely local circumstances 
of sufficient effect to produce such a great change of 
climate as to cause so extensive a glaciation, we may, by 
arriving at the decision of the time of the Glacial period 
in Australia, also ascertain whether Glacial periods — 
in the southern and northern hemispheres are szmmulta- — 
neous or alternating, which would give a clue to the 
difficult problem before us. ¢ 

The necessary researches will doubtless be carried on — 
with vigour by Australian men of science; and we may | 
hope that their sagacity and perseverance may lead to 
the solution of the question, What is the cause of Glacial — 
periods ? R. VON LENDENFELD 

ROOTS? 

ie is a fact which has become more and more evident to 
the practical cultivator that the results of his efforts 

manifest themselves on the whole in a sort of compromise 
between the plant and its environment: I mean that 
although he sees more or less distinctly what his plant { 
should be—according to a certain standard, however—it — 
is but rarely, if ever, that the plant cultivated perfectly — 
fulfils in every respect what is demanded of it. Of late 
years this has of course forced itself more prominently 
before the observer, because the facts and phenomena 
constituting what is termed variation have been so much 
more definitely described, and the questions arising out 
of them so much more clearly formulated. 
Two points can be asserted without fear of contra- 

diction : first, the plant itself is a variable organism ; 
and, secondly, its environment varies. Now within 
limits which are somewhat wide, when closely ex- 
amined, the experience of man leads him to neglect the 
variations occurring around him, and so no one quarrels 
with the statement that two individual geraniums belong 
to the same variety, or two oak trees to the same species, 

Crt Ge iy « 

X See Nature, vol. xxxi. p. 183. A lecture by H. Marshall Ward, M.A., 
F.L.S., Fellow of Christ's College, Cambridge ; Professor of Botany in the 
School of Forestry, Royal Indian College, Cooper's Hill. 
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although an accurate description of each of the two 
geraniums or of the two oaks might require very different 
wording. 

It has also become more and more evident that 
although we cannot ascribe all variations to their causes 
—very often, indeed, we cannot even suggest causes for 
them—there are nevertheless numerous deviations from 
the normal, so to speak, exhibited by plants which can 
be distinctly referred to certain deviations from the 
normal on the part of their environmeat. 

To illustrate this we may take the case of two plants of 
that very common weed, the Shepherd’s Purse, growing at 
different ends of the same small plot of ground: the soil 
is sandy, and so much alike all over as to be regarded as 
the same everywhere, nevertheless the plant at one end 
is large, more than a foot high, and luxuriant, with many 
leaves and flowers, and eventually produces numerous 
seeds, whereas that at the other end is small, less than 
4 inches high, and bears but a few stunted leaves and 
three or four poor flowers and fruits. The cause of the 
difference is found to be the different supply of water in 
the two cases, and if any one doubts that this may be so, 
let him try the experiment of growing two or more speci- 
mens of this weed in pots: the pots to be new, filled with 
soil which has been thoroughly mixed, and all the pots ex- 
posed to the same conditions—z.e. practically the same— 
except that those of one series are watered sufficiently 
often, and those of the other only just sufficient to keep 
the plant actually living. The experiment is easy and 
conclusive with such a weed as the above. Now, it is 
just such experiments as that above described—some of 
them equally simple, others less so—that the physiologist 
devotes much of his attention to, and in just such a 
manner has been gathered together a nucleus of informa- 
tion around which more knowledge can be grouped. 

I may make these points clearer by again quoting an 
illustration, and, not to confuse or mislead you by going 
too far afield, I will keep to the same line of investigation, 
partly because it is quite as simple and conclusive as any 
other of many that might be selected, and partly because 
it may be possible to set before you some facts which are 
interesting or even new to you. 

It has been found that in some cases where two plants 
are growing in the same soil and under the same con- 
ditions as above, but where one plant receives less water 
than the other, that the dwarfed drier plant is more 
hairy than the larger and luxuriantly growing plant, which 
has been well watered. On looking more closely into 
this matter it turns out that the extra hairiness is (in 
some cases at any rate) simply due to the fact that the 
hairs are closer together, because the little cells on the 
outer parts of the plant which grow out into hairs do not 
increase so much in length and superficial extent as those 
on the well-watered plant, and thus the hairs stand 
thicker together on the same superficial area of the organ 
—of a leaf, for instance. In other cases, however, the 
hairs are really increased in numbers and length—the 
plant is absolutely more hairy. It will be noticed that 
details concerning growth and turgidity, and of the in- | 
fluence of various minerals, and so on, are not under 
consideration here. I am not asserting that all cases of 
hairiness in plants are to be ascribed to this cause ; but 
it does occur, as stated, and the point is a curious one 
in view-of the fact that very many plants which grow in 
sandy dry soils are conspicuously hairy, whereas allied 
species growing in or near water, or even only in moister 
Situations, are devoid of conspicuous hairs, or even quite 
smooth. 

The above peculiarity is not confined to leaves and 
stems, moreover, for experiments with roots have shown 
that the root-hairs, which are so important in collectiag 
moisture, &c., from the soil, can be made to appear in 
enormous numbers when the root is kept in a soil which 
is very open and only slightly moist, whereas none or 
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very few are developed on the same roots growing in 
water : this again is in accordance generally with the fact 
that the roots of land-plants growing in light soils develop 
innumerable root-hairs, whereas those of water-plants do 
not thus increase their surface and points of attachment. 
I cannot here go into all the interesting facts known about 
these hairs, but it will be sufficient if you bear in mind 
the main points just mentioned. 

Let us now vary the experiments a little. It is obvious 
that we might suppose any number of differences in 
the amount of water given to the plants used in the 
experiments described above ; but it would be found, as 
matter of fact, that however little be the quantity of water 
given to the soil in which the dwarfed plant is, compared 
with that put into the soil in which the luxuriant plant grows, 
the actual weight of water will nevertheless have to be con- 
siderable, taking the whole life of the plant into considera- 
tion—there will be more used than you probably know, 
moreover, because the soil itself will no doubt condense 
and absorb some from the atmosphere during the night. 
There is a minimum of water absolutely necessary, and if 
the plant does not obtain this it will die. Its death will 
be ushered in by drooping and withering of the leaves, 
stem, and roots, and this condition, in which the functions 
of the plant are interfered with beyond a certain point, 
passes into a condition of disease. 

Now take another case. We might so arrange the 
experiment that we poured and continued to pour too 
much water into the soil. Here again it would be found 
that a condition of disease eventually sets in—z.e. a con- 
dition in which the functions of the plant are again inter- 
fered with beyond a certain point. The symptoms and 
progress of the disease will be very different in the latter 
case, however, from those in the former. It may also be 
mentioned that in neither experiment is death inevitable 
if the disturbing cause is removed soon enough—ze. if 
sufficient water be added in the first case before the 
cells have ceased to be able to take it up, or if the 
previous conditions of the soil are restored soon enough 
in the case of the over-watered plant. 

Here we come to a matter which is less simple than 
may appear at first sight. You will note that the problem 
in the latter case is to restore the previous conditions of 
the roots and soil soon enough; I put it thus, because 
the conditions of the roots and soil may soon be very 
profoundly altered by the over-watering. 

To understand this, it is necessary to become a little 
more fully acquainted with the condition of affairs in what 
may be called the normal case, where the soil is light and 
open, and plenty of water but not too much is at the dis- 
posal of the roots. Such a soil will consist of innumerable 
fine particles, of different shapes, sizes, and composition. 
No doubt there will be grains of quartz, particles of 
broken up vegetable matter, and little rugged bits of 
stones containing various minerals; each of these tiny 
fragments will be covered with a thin layer of water, and 
you would probably be greatly surprised if I were to go into 
the proofs showing how extremely tenacious of its water- 
blanket each particle is. It may be enough for our present 
purpose if you accept the fact that it requires enormous 
force to deprive the particles of the last traces of their 
water-layers ; they will give off some—or in some cases 
even a good deal—rather easily, and in fact when the 
layers become of a certain thickness no more water can 
attach itself to the particles, but it falls away and the soil 
remains saturated, as we say. 

Now these particles of soil, each enveloped in its water- 
blanket, are not in close contact ; there are spaces between 
them, and these interspaces influence the quantity of 
water which can be held back by the soil. 

Let us suppose such a soil perfectly dry ; the particles 
above referred to being irregular in shape and size, and 
only roughly in contact at various points, the interspaces 

If water be then added in some 
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quantity, each of the particles becomes clothed with a 
layer of water, and some of the air is driven out, though 
bubbles of air will still exist in the larger interspaces. 

A third case is conceivable—so much water might be 
supposed to find its way in, that no air remained in the 
interspaces between the particles of soil. Now it is true 
that such a state of affairs is not readily brought about in 
a normal soil; but I may indicate how the result is occa- 
sionally attained to a great extent. Suppose that a layer 
of clay or other impenetrable subsoil lies beneath the soil 
in question ; then if water oozes into the soil in larger 
quantities than can be got rid of in the time, it is possible 
for nearly all the air to be displaced. Of course the 
object of good drainage is to prevent this ; and it is often 
overlooked that drainage from below has the effect of 
drawing in air as well as of running off superfluous water 
—air is driven into the spaces as the water leaves them. 

In speaking of the “bubbles of air” entangled in the 
interspaces between the particles of soil, each with its 
water-blanket, I have overlooked some details as to what 
the bubbles really are. Asa matter of fact they will not 
remain of the same composition as ordinary air, and may 
soon differ considerably ; besides the vapour of water, 
they may contain gases in quite different proportions from 
those in the air outside. In. the type case, however, there 
will be some oxygen present in the bubbles. 

It is not intended here to go very fully into a descrip- 
tion of the structure of the roots of land-plants ; enough 
if you are reminded how the smaller ramifications of a 
root are found to be more numerous and thinner as we 
approach the periphery of the mass of earth which they 
traverse. From the youngest rootlets are produced the 
root-hairs, in enormous quantities, new ones arising 
forwards— Ze. near the tip of the rootlet-—as the rootlet 
grows on, and those behind dying off after fulfilling their 
functions. These functions are chiefly to apply themselves 
in the closest manner to the surfaces of the particles of 
soil, and in this way to place the water which they 
contain in direct continuity with the water which clings 
with such enormous force to the surfaces of the particles. 
Hence this water can pass from the soil to the plant, and 
anything dissolved in the water can also pass into the 
root-hair and thus up into the plant. 

I am not going to dwell on how the root-hairs them- 
selves aid in dissolving mineral substances—corroding 
the surfaces of the particles of soil they cling to—nor 
shall I trouble you with the details of what substances 
will be dissolved in the water ; for, of course, you will see 
that anything soluble will pass into solution and may be 
carried into the plant. 

The chief point to be insisted on just now is that this 
water in the soil will contain among other substances 
oxygen dissolved in it from the air-bubbles referred to 
above, and that this dissolved oxygen will pass into the 
root-hairs in solution together with the minerals and any 
other substances. This oxygen, moreover, is absolutely 
indispensable for the life of the root-hairs ; it can be easily 
shown that if the supply of oxygen is stopped, cr even 
diminished to any considerable extent, the roots begin to 
die, because the root-hairs cease to act. 

Let us look a little more closely into this point. Each 
root-hair is a tiny cell containing living protoplasm and 
certain other substances, all inclosed in a thin, elastic, 
porous membrane. Now it has been abundantly proved 
that if such a cell is deprived of oxygen, its protoplasm 
becomes dormant for a time, and slowly breaks up, as it 
were ; subsequently it becomes decomposed into other 
and simpler materials. A sort of internal combustion 
and fermentation take place, and these processes result 
in the formation and liberation of bodies like carbon- 
dioxide, alcohol, acetic acid, and other acid matters— 
substances in the main not only incapable of supporting 
the life of the root-hairs but actually destructive of it. 

{ 

oxygen, they will eventually die. Their death will entail 
that of the rootlets and roots to which they belong, and 
this for two obvious reasons—first, it is the root-hairs and 
the root-hairs alone which can absorb the necessary water 
and substances in solution from the soil to supply such a 
plant as we are concerned with; and, secondly, the 
noxious products resulting from their death accumulate in 
the soil and diffuse into the root, and so hasten similar 
decompositions in what were hitherto healthy cells. 

It must not be supposed that these disastrous conse- 
quences of the deprivation of oxygen always follow imme 
diately. Not only are the roots of some trees, for instance, 
able to withstand ill-treatment longer than others, but, 
obviously, the kind and degree of ill-treatment may 
affect the problem of how long the plant shall survive. 
The number of rootlets and root-hairs, and the spread of 
the roots and other factors, will obviously affect the 
matter. 

Suppose the following case as an example. A young 
tree is growing and flourishing in an open, good soil, and, 
for some reason or other, more soil is heaped about the 
roots until the depth is increased considerably: the 
deeper situation has placed obstacles in the way of the 
roots obtaining oxygen so readily as before. Not only 
are the roots further from the atmosphere, but the water 
carried down has to percolate through more soil, and may 
part with much of its oxygen (or even all) on the way : 
of course the nature of the soil, the presence of organic 
matters, and other circumstances decide this. It is not 
at all difficult to conceive of such a case where the supply 
of oxygen to the roots is thus diminished so far that the 
activity of the root-hairs as a whole is simply lowered, 
but not destroyed,—a stage or two further and they might 
become dorment, and their protoplasm undergo intra- 
molecular respiration for a time, and break up. It is 
clear that the diminished activity of the roots will affect 
the supply of water (and the substances dissolved in it) to 
the leaves : this will obviously react on the thickness of 
the annual rings, and this again on future supplies—since 
the water passes up the alburnum or young outer layers 
of woody tissue. Moreover, a diminution of supplies 
from the leaves means less substance and power for re- 
placing the root-hairs, and so on, In this way it may 
require some time to kill the tree, and all kinds of com- 
plications may arise meanwhile. This case is probably 
by no means unconimon. 

A more extreme case is where the soil becomes damp 
and clogged with excessive moisture: not only does 
no oxygen reach the roots, but noxious gases accumulate 
in solution in the soil, and will hurry matters by poison- 
ing cells which might otherwise live a longer life of use- 
fulness. It is extremely probable that such gases find 
their way into higher parts of the plant in the air-bubbles 
known to exist and to undergo alterations of pressure in 
the vessels of the wood: this being so, they would slowly 
retard the action of other living cells, and so affect the - 
upper parts of the plant even more rapidly than would 
otherwise be the case. Damp soil may thus do injury 
according to its depth and nature ; but it need not neces- 
sarily be deep to be injurious if much oxygen-consuming 
substance is present. I have seen excellent soil converted 
into damp, stinking, deadly stuff from the action and 
accumulation of the larvee of cockchafers ; these “ grubs” 
may, it is true, accelerate the devastation caused by the 
consumption of oxygen and the accumulation of poisonous 
waste matters in the soil by directly cutting off portions 
of the roots themselves, but the accumulation of oxygen- 
consuming substance, and the cutting off of supplies to 
the root-hairs evidently plays a chief part in the destruc- 
tion. 

There is another matter with regard to damp soils 
that cannot be left out of account. I have already told 
you that roots which are developed in water or in very 

Evidently, then, if we deprive all the root-hairs of | damp sandy soil—and which are perfectly healthy—have 
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few or no root hairs formed on their surfaces ; whereas it 
may be readily shown that the roots of the same plant 
growing in a well-aérated open soil, which is scarcely 
moist to all appearance, will be densely covered with a 
close-set pile of hairs. Indeed it is by means of the 
millions of root-hairs on its rootlets that a sunflower or a 
bean, for instance, obtains the enormous quantities of 
water necessary for its needs from soil which, to our 
rough perception, seems to be dry. 

I cannot here go into all the proofs that such a soil is 
by no means so dry as it looks; but will simply remind 
you of what was said above as to the enormous force 
with which the minute particles of rock, &c., which form 
“soil” retain their hold on the thin films of water which 
constitute what have been termed their water-blankets. 
This is certain, that a healthy well-rooted plant can take 
up water from a soil which is to all appearance air- 
dry ; whereas a plant which has not yet had time to 
develop its root-hairs in sufficient numbers to take these 
firmly adherent water-films, from numerous particles of 
soil, would droop and wither. 

Of course it must be borne in mind that we are speaking 
ofland-plants such as we commonly meet with on ordinary 
dry land: in the case of plants which flourish in bogs or 
in water there are corresponding differences in the struc- 
tures of their roots agreeing with the differences of en- 
vironment. Even such plants need air at their roots, 
and an excellent illustration of this is is afforded by some 
willows. Our common osier and other willows grow, as 
you are aware, in low-lying damp and even boggy places, 
often flooded: now, it has been found that, if young 
willows are planted too deep in the soil, they very soon 
send out new roots—adventitious roots they are often 
called—close to the surface of the soil, and these roots 
soon do all the work. There is no doubt that this power 
enables these willows to live in places that would be fatal 
to them otherwise; and the same is true of some other 
plants. 

Enough has now been said to show you how necessary 
it is that some care should be exercised in watering plants, 
or in exposing them to conditions different from those to 
which they are accustomed; and, it need scarcely be 
added, apparently mysterious diseases may sometimes be 
explained when it is shown that such precautions have 
been neglected. Any one can quote instances of plants 
which will grow in some soils and not in others, but no 
very satisfactory reason is afforded by simply saying that 
the one soil is suitable and the other not: however, all I 
have attempted to show you is that some soils are not 
suitable for some plant; because the plants in question 
need more air at the roots than these particular soils can 
afford them under the circumstances. , 

Many plants flourish in an open soil with plenty of 
sand in it, but will not grow in a stiff wet soil. This is not 
necessarily because the heavier soil does not contain the 
right food-materials, but because its particles are so 
small, so closely packed, and so retentive of moisture, 
that the root-hairs do not obtain sufficient oxygen : more- 
over, the very damp state of the soil does not favour the 
development of the numerous root-hairs necessary, as we 
have seen. 
at length into this point,—root-hairs and roots cannot 
grow or act unless the temperature is favourable, and we 
have plenty of evidence to show that a close wet soil may 
be too cold for the roots at a time when an open drier 
soil (exposed to similar conditions as regards sunshine, 
&c.) would be of a temperature favourable to their 
growth. Many a pot-plant receives an extra over-dose 
of water because it is drooping from the roots being too 
cold to act properly. The opening up of stiffer soils by 
means of the spade or plough, or by the addition of other 
kinds of soil, such as sand, burnt lime, &c., or by means 
of drainage of various kinds, is thus to be regarded as a 

_ means of letting in air and therefore oxygen to the roots. | about a “diseased” condition of the roots. 

Nor is this all,—though I cannot here enter | 

“ Sweetening the soil” is an expression one hears used 
by planters and others: this is often no doubt their way of 
expressing the fact that the air thus let in does so much 
to turn the noxious substances which have accumulated 
into other substances which the root-hairs of the plant 
can take up with profit. The exposure of certain soils to 
sharp winter frosts in part benefits the plants subse- 
quently grown in it, because air can make its way into 
the cracks produced as the particles crumble: there are 
other advantages also due to the “weathering” of soils, 
of course, as also to the addition of lime, &c., but I am 
purposely abstaining from referring to points concerning 
the nutrition of plants as generally understood. 

Let me shortly call your attention to a few other 
practical applications of the knowledge briefly summed up 
above. It is well known that a good deal of experience 
has been brought to bear on the question of what trees 
are the best to plant in or near large towns: there are 
very many facts to be considered. It is not sufficient to 
find a tree which will accommodate itself to the possi- 
bilities of the annual rainfall, or a diminished supply of 
sunlight throughout the year, and so on; nor is the 
problem solved when a tree is found that will put up with 
traces of acid gases in the atmosphere, and, as may 
follow, the accumulation of acids in the soil, and conse- 
quent alterations in its chemical composition. In many 
cases trees have been found to die as they grew older 
because the pavement or asphalt over their spreading 
root-system prevented proper aération and a_ proper 
supply of aérated water to their root-hairs : imagine the 
effect of a few days’ hot summer sunshine on roots just 
beneath the pavement of an exposed street! It is true 
the cover may prevent rapid evaporation, but it also 
shelters the soil from the well-aérated rain-drops ; more- 
over, such sheltered roots will at certain seasons grow up 
to the surface of the soil and in contact with the lower 
surface of the pavement. Then there is the question of 
drainage. If the water which does find its way in slowly 
accumulates and becomes stagnant, the results are as dis- 
astrous or even more so; yet it is obviously a difficult 
matter so to arrange things that the accumulated surplus 
water of certain seasons shall pass away below, acting 
like a suction-pump and drawing in air after it, and still 
fulfil the other requirements hinted at above. I leave 
out the question of exhaustion of the soil—the dead leaves, 
&c., being carefully removed. Can we wonder that there 
are so few trees to choose from that will stand such treat- 
ment? The fact that there are some only accords with 
what has been already stated—that plants vary in their 
requirements and powers ; and no one doubts that the 
variations have been influenced by variations in the 
environment. 
We have now seen to a certain extent how variations 

of a particular kind may affect a plant. The plant 
responds to a certain extent—it is, as some people say, 
“plastic” —but if the limits are reached and slightly 
overstepped, the variations on the part of the plant 
become dangerous to its existence, and the plant becomes 
diseased and may die. 

Not to dwell upon hypothetical matters, I will content 
myself with saying, in conclusion, suppose a variety of 
a given plant grows in damp places and has roots which 
form few or no root-hairs, and suppose an individual of 
that plant to become transferred to a more open soil: I 
have shown you reasons for regarding it as probable that 
the latter individual might produce more root-hairs and 
thus adapt itself to the altered conditions. If such a case 
happened, it is by no means improbable, but the contrary, 
that other circumstances co-operating or adverse would 
decide certain problems of importance to the existence 
of that particular individual. 

But the main object of this lecture has been to show 
you how very complex the conditions may be baer bring 
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uncommon event to see a tree flourish for years and then 
slowly die off from “something at the roots”: examina- 
tion shows that the soil still contains the necessary foods, 
the water-supply is constant and good, the tree is ex- 
posed to no obvious adverse influences, and yet with | 
steps so slow that they are scarcely noticeable, the tree 
begins to die off before its time. In some cases this is 
probably because the root-hairs are not receiving their 
proper supply of atmospheric oxygen, and this may be 
due to very slight changes in the structure (not the 
chemical composition) of the soil: a very slight diminu- 
tion in the activity of the root-hairs may cause a diminu- 
tion in the supply of water to the leaves at seasons when 
they require much, and this means lessening their 
supply {of food-materials. If the leaves are placed on 
short commons, they cannot form wood, and so the next 
season’s supply of nutritive solutions may be cut short ; 
moreover, fewer root-hairs will be formed. No doubt 
differences will appear in different years or seasons ; but 
if the tendency on the whole is in the above direction, the 
life of the tree is already limited—it may drag on for 
years as an object, which can scarcely be termed a tree 
however, but its doom is sealed. 

The difficulty of placing one’s hand on an exactly 
illustrative case is due to the fact that other causes are 
usually at work after a short time. I have purposely 
avoided any reference to the changes brought about in 
the chemical nature of a soil by the addition or cutting 
off of air, &c.; and for the same reason—to keep your 
attention directed to the root-hairs as living cells exposed 
to the influence of a definite environment—I have left out 
of account some questions of food-supply. These matters 
do not invalidate anything said above, but they do pro- 
foundly affect the problems of the diseases of plants, and 
especially those diseases which start from the roots. 

ON THE PROPOSAL TO ESTABLISH A PER- 
MANENT COLONIAL MUSEUM IN LONDON 

“| eee proposal to continue the present Colonial and 
Indian Exhibition at South Kensington having met 

with a good deal of support, it is worth while to examine 
it on its merits ; quite apart from the popular accessories 
of music, illuminations, &c., the continued existence of 
which depends upon altogether different considerations. 

The first point for examination is whether such a per- 
manent exhibition or museum would materially and use- 
fully supplement or form a real addition to the existing 
public institutions of London, for upon the determination 
of this question the decision ought largely to depend. 

On a general review of the vast collection of objects 
exhibited in the present Exhibition, they are seen to be 
mainly included under the four following categories :— 

(1) Natural history objects, or specimens of the animal, 
vegetable, and mineral kingdoms of Nature. 

(2) The raw products derived from them, and their 
economic applications. 

(3) Art of every description, with which may be in- 
cluded objects bearing upon archeology and ethnology. 

(4) Manufactures of all kinds. 
(1) With reference to natural history, it can scarcely 

be a public desideratum to attempt to form a new 
museum of this kind when there exists, within a few 
hundred yards of the Exhibition, the finest collection in 
the world in the great national Museum of Natural 
History. There the animals, plants, fossils, and minerals 
not only of the British colonies, but of the whole 
known world, are exhibited with a fullness and in a 
manner that there could not be a possibility of in any 
way approaching. 

(2) Then, as regards the economic uses of the veget- 
able kingdom at least—such as food-products, drugs, 
timbers, &c.—the nation possesses in the Museum of 
Kew Gardens a probably unrivalled public collection 

| 

admirably exhibited. Many years of energy anda very 
large expenditure of time and money would fail to make 
up again such a collection as this has now become. 

(3) Objects of art both ancient and modern form a very 
striking and important portion of the Exhibition. It is 
probable, however, that the best part of those which are 
not on loan have been sold or otherwise disposed of, and 
thus are not available for future exhibition. But with the 
South Kensington Museum at our doors, the initiation of 
a new art collection cannot be needed; whilst as for 
objects illustrative of ethnology and archeological speci- 
mens, they are, it is needless to say, magnificently 
displayed in the galleries of the old British Museum in 
Bloomsbury. 

(4) There remains only the commercial products ard 
manufactures of the colonies and India, and, so far as I 
am aware, there exists at present no general public col- 
lection of such articles. Here then, it appears to me, we 
have a reasonable basis for the formation of a permanent 
museum. A public collection of trade samples is a real 
want in London. 

It appears, then, from the above observations, that no 
necessity exists for a new gezeral museum of colonial 
and Indian productions, inasmuch as the public is already 
amply provided with other museums which _ illustrate 
fully nearly all the objects and articles proposed to be 
exhibited in the new one. 

There is also good reason to think that the multi- 
plication of museums is undesirable as well as un- 
necessary. We are not without experience of this, and 
the history of the late India Museum is quite to the point. 
The vast collections brought together by the Honourable 
East India Company were quite similar in kind to 
those it is now proposed to form, and illustrated very 
thoroughly the productions of India. But the Museum 
never attracted public interest or proved of much practical 
utility ; many departments were neglected, the specimens 
badly conserved, and not available for consultation or 
study, and at last its condition having become somewhat 
of an official scandal, it was, six or seven years ago, broken 
up and dispersed. It bears strongly on the remarks above 
made that the collections had to be distributed among 
the very museums which I have there enumerated. No 
doubt additions of much value thus accrued to them ; but 
there was also an immense mass of duplicate and 
damaged material, some of which at least was destroyed. 
After this experience it seems scarcely credible that a 
proposal to form again another general Zzdan Museum 
in London will be seriously entertained, whatever may be 
the case as regards the colonies. But in the latter, as in 
the former, it is almost certain that from similar causes a 
few years would witness the same history and a similar 
termination. 

It is then, I believe, in a permanent museum of trade 
samples and of the commercial products of our colonies 
thata really useful outcome of the present Exhibition is to 
be sought. The precise scope and, character of such a 
museum would of course require careful consideration ; 
but there is a great and increasing want of some central 
emporium of a public character where authentic samples, 
accurately determined and labelled, can be readily in- 
spected and examined by those interested in commercial 
pursuits. The collection might well be arranged geo- 
graphically, and should be accompanied by maps, trade 
statistics, and other aids to inquiry. Under able manage- 
ment such a museum would be capable of rendering great 
service to the commerce of the Empire, and be the means 
of bringing into trade the numerous neglected products of 
the world. I may add, parenthetically, that it would also 
relieve the staffs of our chief scientific establishments of a 
good deal of work, involving often much sacrifice of time, 
which now falls upon them, though outside the scope of 
their duties. 

The situation of such a museum should, however, be 
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readily accessible to business men, and would be prefer 
ably in or close to the City rather than in the West End 

of London. HENRY TRIMEN 

NOTES 

THE International Geodetic Conference will assemble in 
Berlin on October 20. Its principal business will be to deli- 
berate on the best method of executing the resolutions arrived at 

at Rome and Washington in 1883 and 1884 respecting the actual 
measurement of a degree on the earth’s surface, and likewise in 

reference to a scientific survey of the European continent. The 
adoption by all nations of Greenwich as the first meridian, in 

accordance with the decision taken at Washington, is to be 

strictly enforced in practice. The introduction of international 
normal time, on the other hand, has had to be postponed, 

owing to insuperable practical difficulties connected with 
ordinary business life. In ozder to promote the project of any 

international survey of the entire globe, it is proposed to establish 

a Central Geodetic Office in Berlin. 

THE Association for the Improvement of Geometrical Teach- 
ing has revised its ‘“‘Syllabus of Elementary Geometrical 
Conics,” and is about to publish the same, with three figures 

lettered in accordance with the enunciation; of the Syllabus. 
The work will be interleaved to allow of teachers and students 
supplying their own proofs, and will, it is hoped, appear early 
in November. Messrs. Swan Sonnenschein are the publishers. 

THE Bombay Government has just issued a long resolution 

on the subject of technical education, which is one of special 
importance to India. The resolution lays down the outlines of 
the scheme which it favours under three heads—agriculture, art, 

and mechanical industries. It proposes that the College of 
Science at Poonah should be a central institution for the teach- 
ing of higher agriculture, and that local classes and schools 
should be established throughout the province under the super- 
vision of district officers and of the Educational Department. 

The Jamsetjee Jeejeebhoy School of Art in Bombay is to be 

the centre of Government efforts for the purpose of art teaching, 
and a report is called for as to the propriety of obtaining addi- 

tional teaching. The question whether a technological institute 
for mechanical industries should be established is discussed at 
some length, and the Government expresses the opinion that the 
time for doing so has not yet come. Meanwhile, it is suggested 
that the Committee of the Ripon Memorial Fund should form 
itself into an a sociation for promoting technical education in 
Bombay city, the Government promising to give it the utmost 

possible aid. The main dependence of other parts of the pro- 
vince must be upon the high schools for elementary science, and 

upon such institutions as may be started by means of local efforts. 
The resolution concludes by saying that the scheme is not aca- 

demic, but that it is meant to enhance the well-being of the 

people at large by giving increased employment to labour and 
capital, and by cementing harmonious relations between them. 

TuE International Congress of Orientalists was opened at 
Vienna on the 27th inst., under the presidency of the Arch- 

duke Rénier. This is the seventh Congress of this body, the 
previous ones having been held -at Paris in 1873, at 

London in 1874, St. Petersburg in 1876, Florence in 1878, 

Berlin in 1881, and Leyden in 1883. The Austrian Minister 

of Public Instruction welcomed the members, of whom there 

were about 300, in the name of the Government. 

Dr. SCHWEINFURTH has, in the interests of science, ad- 

dressed to all Europeans, especially physicians, residing in 

Egypt, an inquiry as to whether, so far as they are aware, 
families of Northern origin settling in Egypt do, or do not, die 

out within three generations, or whether the race is capable of 

» being perpetuated beyond that limit. 

WE are requested to announce that the seventh annual 

€ryptogamic and Botanical Meeting of the Essex Field Club 

will be held on Friday. and Saturday, October 15 and 16, in 
Epping Forest, the head-quarters for the day being at Buckhurst 

Hill. A large number of well-known botanists have promised 

to take part in the meeting, and the naming and arrangement of 

the specimens collected will be in the hands of Dr. Cooke, Rev. 

Ganon Du Port, Dr. Wharton, Mr. Worthington Smith, and 

other fungologists. Botanists and others desirous of attending 

should communicate with the Hon. Secretary, Buckhurst Hill, 

Bssex. 

' THE U.S. Hydrographic Office has received the following note : 

—‘ August 31, at 9.45 p.m., the steamer Crty of Palatka, Capt. 

Vogel, when a mile and a half north of Martin’s industry light- 

ship (off the coast, scuth of Charleston), in eight fathoms and 

a half of water, experienced a terrible rumbling sensation, 

lasting a minute and a half. There was quite a heavy sea from 

the south-east after leaving Charleston Bar at 5.30 p.m. When 

this rumbling sensation took place the wave-motion ceased. It 

was a perfect calm during the rumbling; after that the usual 
Inotion of the south-east swell took place. The wind at the time 

was south-west, light, weather cloudy, barometer 30°T, thermo- 

meter 80°. The sensation resembled a ship scraping a pebbly 

pottom, and the vibration of the ship was very great.” 

‘ H.R.H. THE PRINCE OF WALES has decided that the Colonial 
and Indian Exhibition shall close on the evening of Wednesday, 

November 10. 

We hear that the first of the Grocers’ ‘‘ Medical Research 

Scholarships” has been awarded to Dr. Sims Woodhead, of 

Edinburgh. The value of the award is 2507. 

*Pyrtips’ Planisphere, showing the Principal Stars visible 

for every Hour in the Year” (London: George Philip and 

Son), is perhaps the best means yet devised of getting a pre- 

liminary acquaintance with the aspect of the sky. It consists of 
a movable disk representing the celestial sphere, and a fixed 
horizon corresponding to the latitude of London. On the edge 

of the disk are inscribed the signs of the zodiac, the months 

and days of the year; on the horizon, the hours of the day and 

night. By merely rotating the disk until any given day and 

hour are brouzht to coincide, the stars above the visible horizon 

of London at that time come into view. A continuance of the 

movement from east to west exhibits ten apparent revolutions of 

the stars. Each successive group on the chart rises and sets in 

its proper order, while its distance from the sun at any selected 

date can be estimated by following a line drawn from the 

celestial pole to the corresponding section of the disk. Its point 
of intersection with the ecliptic indicates the position of the sun. 

The same lines show the differences between solar and sidereal 

time throughout the year. A very little attention will enable 

the student to distinguish the circumpolar stars, to track the 

course of the Milky Way among the constellations, and to 
acquire some rough notion of the magnitudes of the principal 

stars. Quite a little stock of uranographical information, in 

short, is concentrated in this ingenious toy. 

A CAREFUL revision of the hydrographic map of the Lake of 

Geneva has been lately made by M. Hornlimann, soundings 

being taken by the steel-wire method. It is shown that between 

Lutry, Ouchy, Evian, and La Tour-ronde the bottom of the lake 

is absolutely horizontal. For distances of 2 kilometres and more 
the differences of depth did not exceed o*10 to 0°15 m. (being 

thus quite within the limits of observational error. The point 

of greatest depth was met with in the line which joins the 

mouth of the Flon, below Lausanne, and the church of Evian, 

7km. from the Swiss side and 5 from that of Savoy. This was 

310 m. (say 1034 feet). The bottom of the lake is here about 

219 feet above the sea. 
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THE earthquakes still continue in North America. Fresh 

shocks were felt at Charleston and other places in the south at five | 
o'clock on the afternoons of the 27th and 28th inst. Shocks of 

earthquake were also at the same hour distinctly felt in Columbia, 
Augusta, and Savannah. 

A SHARP shock of earthquake occurred at Constantinople at 
half-past four on the morning of the 26th inst., but no damage 

was done. At about a quarter to five on the same morning two 
sharp shocks in rapid succession were felt in Smyrna and the 
neighbourhood. 

AN earthquake was felt at Aumale on the 22nd inst, at 
Ir a.m. ; four shocks were reported. 

THE White Island volcano, in the Bay of Plenty, off the North 

Island coast, New Zealand, is in active eruption, and sending 

forth a vast column of flame and smoke, rising to a height of 
100 feet. 

THE Ceylon branch of the Royal Asiatic Society has decided 
to print 77 extenso a translation of Prof. Virchow’s monograph 

on the Veddas. An abridgment will appear in the forthcoming 
number of the Society’s Proceedings. 

From the Cambridge University Press the following new 
publications are announced :—‘‘ A History of the Theory of 

Elasticity and of the Strength of Materials, from Galilei to the 
Present Time,” vol. i. ‘‘Galilei to Saint-Venant, 1639-1850, ” 
by the late I. Todhunter, D.Sc., F.R.S., edited and completed 

by Karl Pearson, M.A. ‘Lectures on th: Physiology of 

Plants,” by S. H. Vines, M.A., D.Sc., Fellow of Christ’s Col- 

lege. ‘Travels in Northern Arabia in 1876 and 1877,” by 
Charles M. Doughty, of Gonville and Caius College (with 

illustrations). ‘*The Scientific Papers of the late Prof. J. 
Clerk Maxwell,” edited by W. D. Niven, M.A. 

Messrs. Crospy Lockwoop ‘AND Co. announce the fol- 
lowing books for the forthcoming season :—‘‘ Modern Engines 

and Boilers: Marine, Locomotive, and Stationary,” by Walter 

S. Hutton, Civil and Mechanical Engineer (with upwards of 
300 illustrations). ‘The Works’ Manager’s Hand-book of 

Modern Rules, Tables, and Data, for Civil and Mechanical 

Engineers, &c.,” by Walter S. Hutton (third edition). ‘‘ The 

Portable Engine, in Theory and Practice,” by W. D. Wans- 
brough (with numerousillustrations). ‘* Expansion of Structures 

by Heat,” by John Keily, C.E., late Indian Public Works and 

Victorian Railway Departments. ‘‘Safe Railway Working,” 
by Clement E. Stretton, C.E. ‘‘ Drainage of Lands, Towns, 

and Buildings,” a practical treatise, being an abridgment of the 
works of the late G. D. Dempsey, C.E., with extensive addi- 

tions by D. Kinnear Clark, M.Inst.C.E. ‘‘ Trusses of Wood 

and Iron: Practical Applications of Science in determining the 

Stresses, Breaking Weights, Safe Loads, Scantlings, and details 
of Construction,” by William Griffiths. ** Shoring and its 

Application,” a manual for students, by George H. Blagrove 
(with numerous illustrations). 

H. K. Lewis has in preparation “ An Introduction to 
Practical Bacteriology,” by Edgar M. Crookshank, M.B. 
Lond., F.R.M.S., Demonstrator of Physiology, King’s College, 
London (2nd edition)’; also, by the same author, ‘* Photographs 
of Bacteria: an Investigation into the Value of Photography for 

delineating Preparations of Bacteria” (illustrated with 50 
permanent autotypes and numerous wood engravings). 

THE following publications are announced by Messrs. W. and 

R. Chambers :—‘‘ Natural History: its Rise and Progress in 
Britain, as developed in the Life and Labours of Leading Natu- 
ralists,’” by Prof. H. Alleyne Nicholson (Aberdeen). This will 

form vol. i. of a series called ‘‘Chambers’s British Science 

| great economy is_ possible. 

Biographies,” of which series the sezond volume, by Prof. 

Lapworth (Birmingham), will cover the field of British Geology. 
Other new books by the same publishers are: ‘Recent Travel 
and Adventure,” with illustrations ; and ‘‘ Lessons in Elementary 

Dynamics,” by H. G. Madan, M.A., Science Master in Eton 
College. 

THE grease of sheep's wool, a substance hardly utilised 
hitherto, may now’find use, according to a process lately brought 
before the French National Society of Agriculture by M. Rohart. 
He finds that, brought to its point of fusion, it very readily 
absorbs certain sulphur-compounds ; thus it will fix as much as 
100 times its volume of sulphuretted hydrogen ; and so treated 
it becomes saponifable in the cold state. M. Rohart presented 
some excellent soap made from the grease. The operation 
required takes less than an hour, whereas soaps with a base of 
soda generally take 6 to § hours in their production. Moreover, 
the saponification can be obtained completely without caustic 
alkalies, and simply with alkaline carbonates ; a new scientific 

fact, applicable to all fatty matters when sulphurised. Thus a 

This sulphurised soap is recom- 
mended by M. Rohart, zv¢er alia, for use in vine-cultivation, 

IN a recent thesis on the modification of plants by climate, 
Mr. Crozier, of Michigan University, considers it established 
**that as plants move from the locality of their largest develop- 
ment towards their northern limit of growth, they become dwarfed 

in habit, are rendered more fruitful, and all parts become more 

highly coloured, Their comparative leaf surface is often increased. 

their form modified, and their composition changed. Their 

period of growth is also shortened, and they are enabled to 
develop at a lower temperature.” 

THE successful cultivation, since 1884, of the Ramie or China 

grass plant (Boehmeria nivea) on the Champ-de-l’Air at Lausanne 
(altitude 520 m.), by Prof. Schnetzler, is an interesting fact in 

botany. This shrub, a native of China and Sumatra, has been 

grown in the south of the United States and of France for thirty 

years. Recently it has been introduced into Algeria. There is 

of course a striking difference in the conditions of temperature 
between Lausanne and the places in Asia where Ramie is grown. 

While the latitude of the latter is from 15° to 35°, that of Lau- 
sanne is 46° 31’. The mean temperature at Lausanne is 9°°5 C. 
Last winter the plants underwent long periods of great cold ; in 

one case, ¢.g., the thermometer being below zero for 124 hours, 

with a minimam on the ground of —12°°5 C. 

THE question of telephony v. telegraphy hes been recently 
discussed by a well-known German electrician, Dr. Wietlisbach. 

| The chief hindrance to the use of the telephone for long distances 
is, he points out, of a financial, not of a technical, nature. A 

teiephone-line 2000 km. long costs considerably over a million © 
It is still possible to speak very well this distance ; but. marks. 

even supposing the line were in constant use day and night, the 
receipts must be 5 marks (say shillings) a minute to make it pay. 
In telephone work, however, the line is in use only a few hours 
daily ; hence a short conversation would cost at least 50 marks 
(22, 10s.). That is, of course, too dear for ordinary traffic. The - 
telegraph works, with almost the same speed, more than ten 

times more cheaply. Thus the question as to rivalry between 
telephone and telegraph finds its settlement. The telephone, 

up to about 509 km. distance (say 310 miles), will more and 

more displace the telegraph, and find an extension which the 

telegraph would never reach. But for greater distances the 
telegraph must keep the upper hand. ‘Thus telephone and 
telegraph are really not rivals, but fitted to supplement each 

other, 
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- 

Sept. 30, 1886] 

WE have received the report for the past year of the School 

of Mines, Ballaarat, an institution which its Council believe is 

in a fair way of becoming the leading School of Science in the 

colony of Victoria. The increasing number of the students 
who avail themselves of the constantly extending opportunities 

for instruction offered by the School renders additional teaching 
power a necessity, and this requires, first of all, an increased 
income. It is to be hoped that the Council have been successful 
in its request for double the present annual subsidy from the 

Government. A School of Mines is perhaps the most imme- 
diately useful and paying one a young community can have. A 

new and enlarged museum has been added to the School, and 

Mr. Oddie, the Vice-President, has undertaken at his own ex- 

pense to erect and equip an astronomical observatory. Two 
rooms, each 16 feet by 18, were erected when the report was 

drafted, and in one of these a 124-inch Newtonian reflector has 
been placed in position. The second room is to be utilised for 
spectrum analysis, solar physics, testing specula, &c. A system 

of meteorological observations with the latest instruments, in 

connection with the Melbourne Observatory, has also been in- 

troduced. A recent task of the School authorities, in which 

many of our readers may be presumed to be interested, is ‘the 
collection of rocks and minerals representing the geology of 
Western Victoria in the Colonial and Indian Exhibition. 

At the close of the Exhibition it will be presented to the Museum 
of the Geological Survey of Great Britain. The reports of the 

individual professors show progress in almost every direction— 
in the number of students, of subjects taught, and of average 

attendances of each student. We observe that the benefits of 
the School are largely extended by means of a concession from 
the Government railways permitting students to travel over long 
distances at exceedingly low fares. This is one of those con- 

cessions which cost so little, yet are worth so much, and which 

are more common in the United States or the colonies than 

they are in England. 

In a very interesting paper contributed to the Bulletin 
of the Essex Institute of Salem, Mr. A. McFarland Davis 

writes on some of the games of the Indian tribes of North 
America. Several of these are described at considerable 

length, mostly from the early Jesuit records. Lacrosse is the 
first and most important of these ; it was, as it is now, purely a 

game of skill, but it was a contest of grave importance, not a 

mere pastime, and was domesticated over a wide extent of 
territory. Another very widely-spread game was “ platter,” 
which was played with dice, and was wholly.a game of chance ; 
the third was a game of chance and skill combined, and in some 
of its forms was exceedingly complicated. It was called 

“*straws,” because a bundle of straws was divided, the game 

turning on the odd or even numbers in the heaps. It resembles 

the celebrated Chinese game of fantan, which forms one of the 
principal sources of revenue of one European colony in the East. 
Sundry other games not so widely spread as these are also 
described by Mr. Davis. The extraordinary importance at- 

tached to these games, the strange and solemn ceremonies with 
which they were frequently initiated, give them an interest in 
the eyes of anthropologists beyond that of mere curiosity. 

THE additions to the Zoological Society’s Gardens during the 

past week include a Rhesus Monkey (Macacus rhesus) from 
India, presented by Mrs. Faulkner ; two Golden Eagles (Aguzla 
chrysaetos) from the Isle of Mull, Argyllshire, Scotland, pre- 

sented by His Grace the Duke of Argyll, K.G., F.Z.S.; a 
Stock Dove (Columba nas), British, presented by Mr. Charles 

Whymper, F.Z.S.; an Anaconda (Zuwsectes murinus) from 
South America, deposited ; a Lesser White-nosed Monkey (Cev- 

copithecus petaurista) from West Africa, purchased ; a Maned 

Goose (Bernicla jubata) from Australia, received in exchange ; 

a Spotted Hyzena (Hyena crocuta), born in the Gardens. 
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STELLAR PHOTOMETRY.—Mr. Chandler, of Cambridge, 
U.S., presented an interesting and important paper to the 
Section of Mathematics and Astronomy of the American Asso- 
ciation at the recent meeting, the title being ‘‘ A Comparative 
Estimate of Methods and Results in Stellar Photometry.” Ac- 
cording to the account of the paper given in Scéence (Vol. viii., 
No. 187), Mr. Chandler took for his text the general statement 
that instrumental photometry had thus far proved a failure ; that 
is, it had not developed a more uniform scale than Argelander’s, 
nor had the accuracy of individual determinations been in- 
creased, but they were, on the contrary, far more uncertain than 
the old differential naked-eye estimates. In support of his views 
Mr. Chandler showed that, for stars of Argelander’s scale be- 
tween magnitudes 2 and 6, the photometric catalogues of Seidel, 
Peirce, Wolf, Pickering, and Pritchard differed among them- 
selves as much in their measures of what Argelander called a 
difference of one magnitude, as they did in their measures of 
his successive magnitudes. Their average values of the logarithm 
of the light-ratio for one of Argelander’s magnitudes between 
2 and 6, ranged between “30 and °38, about *35 for the mean of 
all the above-mentioned catalogues. Between magnitudes 6 and 
g of Argelander’s scale, the catalogues of Rosén and Ceraski 
averaged about °35 for the light-ratio, while Pickering’s late 
results with the meridian photometer gave (between magni- 
tudes 6 and 8:5) :48 instead of °35 for this ratio. Coming 
to accidental errors, Mr. Chandler showed that, from a dis- 
cussion of the naked-eye estimates of Gould, Sawyer, and 
himself, the probable error cf a single estimate was a 
little over — ‘06 of a magnitude when the stars were 
at considerable distances from each other, and about + ‘o5 
of a magnitude when near ; while the probable error of a single 
measure in the ‘‘ Harvard Photometry” was +17 of a magni- 
tude, and in the ‘‘ Uranometria Oxoniensis” about +'1o of a 
magnitude. The large residuals in the ‘‘ Harvard Photometry” 
appear to arise, according to Mr. Chandler, from the wrong 
identification of stars in many cases, one instance being cited 
where no bright star exists in or near the place given in the 
observing-list, on account of a misprint in the Durchmusterung, 
and yet some neighbouring star was observed on several nights 
for it. The author, in conclusion, pointed out that we must 
obtain better results from photometers if we ever expect to use 
their results for the detection or measurement of variable stars, 
since several variables have been detected, and their periods and 
light curves well determined by eye-estimates, whose whole 
range of variation is no greater than the whole range of error in 
the photometric observations upon a single star with the meridian 
photometer. 

A New OBSERVATORY IN LA PLATA.—In the Bulletin 
Astronomique, tome iii. Aotit 1886, M. Mouchez gives an 
account of a new Observatory which is being built in the town 
of La Plata. The Observatory appears to have a remarkably 
good instrumental equipment, including a telescope of o’$om. 
aperture, an ‘‘équatorial coudé” of 0°43m. aperture, a meridian 
instrument of 0°22m. aperture, an apparatus for celestial photo- 
graphy of the same dimensions as that of MM. Henry at the 
Paris Observatory, a Thollon spectroscope with objective of 
025m. aperture, besides a collection of geodetical instruments. 
The new Observatory is under the direction of M. Beuf, lately an 
officer in the French Navy, and his first efforts are to be directed 
towards the carrying out of a geodetic survey of the vast terri- 
tory of the province, including the measurement of an extensive 
meridian arc in the plains of Chaco and Patagonia. The mea- 
surement of this.are will supply a want which has bezn long felt by 
geodesists, and will give new and valuable data for an increase in 
our knowledge of the terrestrial spheroid. He trusts that M. 
Beuf will be successful in this arduous and important under- 
taking, and also that he will have sufficient energy, and be 
supplied with a sufficient staffof observers, to work to advantage 
the numerous and powerful instruments which the Observatory 
possesses. 

HELIOMETRIC OBSERVATIONS OF THE PLEIADES.—In the 
note on this subject, printed in last week’s “ Astronomical 
Column,” the words “‘since 1860” should read ‘‘since 1840,” 
the latter being the date of Bessel’s determinations resulting 
from his observations with the Kénigsberg heliometer made 
during the years 1829-41. 
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ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 OCTOBER 3-9 

(FOR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 

At Greenwich on October 3 
Sun rises, 6h. 6m. ; souths, rrh. 49m. 1°73. ; sets, 17h. 

decl. on meridian, 4° 2' S.: Sidereal 
18h, 21m. 

Moon (at First Quarter October 4) rises, 12h. 26m.; souths, 
16h. 54m. ; sets, 2th. 20m. ; decl. on meridian, 18° 28’ S. 

32m. ; 
Time at Sunset, 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h. m. ae 

Mercury ... 626 ... 12 5 17 44 4 52S. 
Wenusi:..) 4a Io 55 17 16 3 23N. 
Mars ... ... 10 44 34 55 19 6 20 45S. 
UpLer-co sce 0, 30) ee Tons 17 46 4 54S. 
Saturn .. - 22 43* ... 6 46 14 48 21 24N. 

* Indicates that the rising is that of the preceding evening. 
Occultations of Stars by the Moon (visible at Greenwich) 

Corresponding 
angles from ver- Oct. Star Mag. Disap. Reap. texito right for 

inverted image 
h. m h. m. a 4 

65255 SBuA- ©3:7007) 52.16 22 33 .-. 23 42°... 142 312 
3c. eC eAQuartiveie a5 4 22 29 nearapproach 39 — 
Oct. h. 
Omer oali7) Jupiter in conjunction with the Sun, 

Variable Stars 
Star R.A. Decl. 

hm. ‘One h. m. 
Algol 3 08... 40 31 N.... Oct. 4, 21 20 m 
A Tauri 3 544 ... 12 10'N. ... 5, (68 ae gion 
¢ Geminorum 6,574, .:. 20) 44)Ni 2. 9. eae Ow7; 
6 Libra 145479... 8 4 SY o>), 7 igh ee oe 72 
U Corone ... 15) "136! 25.32) 4 Nois2) 5; = GSeoTeTON ye 
S Scorpii : 161079)... 2283705. he Ch MM 
U Ophiuchi... 17 10°8 I 20N. 39. US RZ OUa: 

and at intervals of 20 8 
U Sagittarii... ... 18 25:2 ...19 12S. ... Oct. 5 0 Om 

eh © Ow 
B Lyre... 18 45°9 ... 33 14 N. pues 3 Cueg 
R Aguile wos) LO) FOTO:...15) dee ene ene M 
5 Cephei - 22 24°90 ...157 SON. ...',, ‘9/0 of 

M signifies maximum ; #7 minimum. 

Meteor Showers 
The coming week is usually a somewhat less fruitful one for 

meteors than the one just past. The Avietéds, October 7, R.A. 
31°, Decl. 9° N., form the principal shower ; a radiant in Musca, 
R.A. 46°, Decl. 26° N., and another near Polaris, R.A. 133°, 
Decl. 79° N., are also active at this time. 

METEORITES, METEORS, AND SHOOTING. 
STARS} 

Y OU are kindly giving to me an hour to-night in which I may 
speak to you. I do not have enough confidence in myself 

to justify me in speaking to such an audience as this upon one of 
those broad subjects that belong equally to all Sections of the 
Association. The progress, the encouragements, and the diffi- 
culties in each field are best known to the workers in the field, 
and I should do you little good by trying to sum up and recount 
them. Let me rather err, then, if at all, by going to the oppo- 
site extreme. 
Two years ago your distinguished President instructed and de- 

lighted us all by speaking of the pending problems of astronomy, 
what they are, and what hopes we have of solving them. To 
one subject in this one science, a subject so subordinate that he 
very properly gave it only brief notice, I ask your attention. I propose to state some propositions which we may believe to be 
probably true about the meteorites, the meteors, and the shooting- 
stars. 

In trying to interest you in this subject, so remote from the studies of most of you, I rely upon your sense of the unity of all 
* Address to the American Association for the / dvancement of Science, at Buftalo, August 18, 1886, by Prof. H. A. Newton, of New Hayen, the retiring Pres.dent of the Association. 

science, and at the same time upon the strong hold which these weird bodies have ever had upon the imaginations of men. In ancient times temples were built over the meteorite images that fell down from Jupiter, and divine worship was paid them ; and in these later days a meteorite stone that fell last year in India became the object of daily anointings and other ceremonial worship. In the fearful imagery of the Apocalypse, the terrors are deepened by there falling ‘‘ from heaven a great star burning as a torch,” and by the stars of heaven falling ‘‘unto the earth 
as a fig tree casteth her unripe figs when she is shaken of a great wind.’ The ‘great red dragon having seven heads and ten 
horns, and upon his head seven diadems,”’ is presented in the 
form of a huge fire-ball. ‘‘ His tail draweth the third part of 
the stars of heaven, and did cast them to the earth.” Records 
of these feared visitors, under the name of flying dragons, are 
found all through the pages of the monkish chroniclers of the 
Middle Ages. The Chinese appointed officers to record the pas- 
sage of meteors and comets, for they were thought to have some: 
what to say to the weal or woe of rulers and people. 

By gaining in these later days a sure place in science, these 
bodies have lost their terrors ; but so much of our knowledge 
about them is fragmentary, and there is still so much that is mys- 
terious, that men have loved to speculate about their origin, their 
functions, and their relations to other bodies in the solar system. 
It has been easy, and quite common too, to make these bodies 
the cause of all kinds of things for which other causes could 
not be found. 

They came from the moon; they came from the earth’s vol- 
canoes ; they came from the sun; they came from Jupiter and 
the other planets ; they came from some destroyed planet ; they 
came from comets; they came from the nebulous mass from 
which the solar system has grown; they came from the fixed 
stars ; they came from the depths of space. 

They supply the sun with his radiant energy ; they give the 
moon her accelerated motion; they break in pieces heavenly 
bodies; they threw up the mountains on the moon; they made 
large gifts to our geological strata ; they cause the auroras ; they 
give regular and irregular changes to our weather. 

A comparative geology has been built up from the relations 
of the earth’s rocks to the meteorites ; a large list of new animal 
forms have been named from their concretions ; and the possible 
origin of life in our planet has been credited to them. 

They are satellites of the earth ; they travel in streams, and 
in groups, and in isolated orbits about the sun ; they travel in 
groups and singly through stellar spaces ; it is they that reflect 
the zodiacal light ; they constitute the tails of comets ; the solar 
corona is due to them; the long coronal rays are meteor streams 
seen edgewise. 

Nearly all of these ideas have been urged by men deservedly 
of the highest repute for good personal work in adding to human 
knowledge. In presence of this host of speculations it will not, 
I hope, be a useless waste of your time to inquire what we may 
reasonably believe to be probably true. Andif I shall have no new 
hypotheses to give you, I offer as my excuse that nearly all pos- 
sible ones have been already put forth. This Association exists, 
it is true, for the advancement of science, but science may be 
advanced by rejecting bad hypotheses as well as by framing good 
ones. 

I begin with a few propositions about which there is now 
practical unanimity among men of science. Such propositions 
need only be stated. The numbers that are to be given express 
quantities that are open to revision and moderate changes. 

(t) The luminous meteor tracks are in the upper part of the 
earth's atmosphere. Tew, if any, appear at a height greater 
than one hundred miles, and few are seen below a height of 
thirty miles from the earth’s surface, except in rare cases where 
stones and irons fall to the ground. All these meteor tracks are 
caused by bodies which come into the air from without. 

(2) The velocities of the meteors in the airare comparable with 
that of the earth in its orbit about the sun. It is not easy to de- 
termine the exact values of those velocities, yet they may be 
roughly stated as from fifty to two hundred and fifty times the 
velocity of sound in the air, or of a cannon-ball, 

(3) It is a necessary consequence of these velocities that the 
meteors move about the sun and not about the earth as the con- 
trolling body. 

(4) There are four comets related to four periodic star-showers 
that come on the dates April 20, August 10, November 14, and 
November 27. The meteoroids which have given us any one of 
these star-showers constitute a group, each individual of which 
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moves in a path which is like that of the corresponding comet. 

The bodies are, however, now too far from one another to influ- 

ence appreciably each other’s motions. 

(5) The ordinary shooting-stars in their appearance and phe- 

nomena do not differ essentially from the individuals in star- 

showers. 
(6) The meteorites of different falls differ from one another 

in their chemical composition, in their mineral forms, and in 

their tenacity. Yet through all these differences they have pecu- 

liar common properties which distinguish them entirely from all 

terrestrial rocks. 
(7) The most delicate researches have failed to detect any trace 

of organic life in meteorites. 
These propositions have practically universal acceptance among 

scientific men. We go on to consider others which have been 

received with hesitation, or in some cases have been denied. 

With a great degree of confidence, we may believe that shoot- 

ing-stars are solid bodies. As we see them they are discrete 

bodies, separated even in prolific star-showers by large distances 

one from another. We see them penetrate the air many miles, 

that is, many hundred times their own diameters at the very 

least. They are sometimes seen to break in two. They are 

sometimes Seen to glance in the air. There is good reason to 

believe that they glance before they become visible. 

Now these are not the phenomena which may be reasonably 

expected from a mass of gas. In the first place a spherical mass 

of matter at the earth’s distance from the sun, under no con- 

straint, and having no expansive or cohesive power of its own, 

must exceed in density air at one-sixth of a millimetre pressure 

(a density often obtained in the ordinary air-pump), or else the 

sun by his unequal attraction for its parts will scatter it. Can 

we conceive that a small mass of gas with no external restraint 

to resist its elastic form, can maintain so great a density ? 

But suppose that such a mass does exist, and that its largest 

and smallest dimensions are not greatly unequal ; and suppose 

further that it impinges upon the air with a planetary velocity ; 

could we possibly have as the visible result a shooting-star ? 

When a solid meteorite comes into the air with a like velocity, 

its surface is burned or melted away. Iron masses and many 

of the stones have had burned into them those wonderful 

pittings or cupules which are well imitated, as M. Daubrée has 

shown, by the erosion of the interior of steel cannon by the 

continuous use of powder under high pressure. They are imi- 

tated also by the action of dynamite upon masses of steel near 

which the dynamite explodes. Such tremendous resistance that 

mass of gas would have to meet! The first effect would be to 

flatten the mass, for it is elastic; the next to scatter it, for 

there is no cohesion. We ought to see a flash instead of a long 

burning streak of light. The mass that causes the shooting-star 

can hardly be conceived of except as a solid body. 

Again, we may reasonably believe that the bodies that cause 

the shooting-stars, the large fire-balls, and the stone-producing 

meteor, all belong to one class. They differ in kind of 

material, in density, in size. But from the faintest shooting- 

star to the largest stone-meteor, we pass by such small grada- 

tions that no clear dividing lines can separate them into classes. 

See wherein they are alike :— 
(1) Each appears as a ball of fire traversing the apparent 

heavens, just as a single solid but glowing or burning mass 

would do. 
(2) Each is seen in the same part of the atmosphere, and 

moves through its upper portion. The stones come to the 

ground, it is true, but the luminous portion of their paths 

generally ends high up in the air. 
(3) Each has a velocity which implies an orbit about the sun. 

(4) The members of each class have apparent motions which 

imply common relations to the horizon, to the ecliptic, and to 

the line of the earth’s motion. 
(5) A cloudy train is sometimes left along the track, both of 

the stone-meteor, and of the shooting-star. 

(6) They have like varieties of colours, though in small 

meteors they are naturally less intense and are not so variously 

combined as in large ones. 
In short, if the bodies that produce the various kinds of fire- 

balls had just the differences in size and material which we find 

in meteorites, all the differences in the appearances would be 

explained ; while, on the other hand, a part of the likenesses that 

characterise the flights point to something common in the astro- 
nomical relations of the bodies that produce them. 

This likeness of the several grades of luminous meteors has 

not been admitted by all scientific men, Especially it was not 

accepted by your late President, Prof. J. Lawrence Smith, who 
by his studies added so much to our knowledge of the meteor- 
ites. The only objection, however, so far as I know, that has 
been urged against the relationship of the meteorites and the 
star-shower meteors, and the only objection which I have been 
able to conceive of that has apparent force is the fact that no 
meteorites have been secured that are known to have come from 
the star-showers. This objection is plausible, and has been 
urged, both by mineralogists and astronomers, as a perfect reply 
to the argument for a common nature to all the meteors. 

But what is its real strength? There have been in the last 
hundred years five or six star-showers of considerable intensity. 
The objection assumes that if the bodies then seen were like 
other meteors we should have reason to expect that among so 

many hundreds of millions of individual flights a large number 
of stones would have come to the ground and have been 
picked up. 

Let us see how many such stones we ought to expect. A 
reasonable estimate of the total number of meteors in all of these 
five or six star-showers combined makes it about equal to the 
number of ordinary meteors which come into the air in six or 
eight months. Inasmuch as we can only estimate the numbers 
seen in some of the showers, let us suppose that the total 
number for all the star-showers was equal to one year’s supply 
of ord:nary meteors. Now the average annual number of stone- 
meteors of known date from which we have secured specimens 
has, during this hundred years, been about two and a half. 

Let us assume, then, that the luminous meteors are all of like 

origin and astronomical nature ; and further assume that the 
proportion of large ones, and of those fitted to come entirely 

through the air without destruction, is the same among the star- 

shower meteors as among the other meteors. With these two 

assumptions, a hundred years of experience would then lead us 

to expect two, or perhaps three, stone:falls from which we secure 
specimens during all the half-dozen star-showers put together. 
To ask for more than two or three is to demand of star-shower 
meteors more than other meteors give us. The failure to get 

these two or three may have resulted from chance, or from some 

peculiarity in the nature of the rocks of Biela’s and Tempel’s 

comets. It is very slender ground upon which to rest a denial 
of the common nature of objects that are so similar in appear- 
ance and behaviour as the large and small meteors. 

It may be assumed, then, as reasonable that the shooting-stars 

and the stone-meteors, together with all the intermediate forms 

of fire-balls, are like phenomena. What we know about the 

one may with due caution be used to teach facts about the other. 

From the mineral and physical nature of the different meteor- 

ites, we may reason to the shooting-stars, and from facts esta- 

blished about the shooting-stars we may infer something about 

the origin and history of the meteorites. Thus it is reasonable 

to suppose that the shooting-stars are made up of such matter 

and such varieties of matter as are found in meteorites. On the 

other hand, since star-showers are surely related to comets, it is 

reasonable to look for some relation of the meteorites to the 

astronomical bodies and systems of which the comets form a 

part. 
This common nature of the stone-meteor and the shooting- 

stars enables us to get some idea, indefinite but yet of great 

yalue, about the masses of the shooting-stars. Few meteoric 

stones weigh more than 100 lbs. The most productive stone- 

falls have furnished only a few hundred pounds each, though the 

irons are larger. Allowing for fragments not found, and for 

portions scattered in the air, such meteors may be regarded as 

weighing a ton, or it may be several tons, on entering the air. 

The explosion of such a meteor is heard a hundred miles around, 

shaking the air and the houses over the whole region like an 

earthquake. The size and brilliancy of the flame of the ordinary 

shooting-star is so much less than that of the stone-meteor that 

it is reasonable to regard the ordinary meteorvid as weighing 

pounds, or even ounces, rather than tons. 

Determinations of mass have been made by measuring the 

light and computing the energy needed to produce the light. 

These are to be regarded as lower limits of size, because a large 

part of the energy of the me'eors is chanzed into heat and 

motion of the air. The smaller meteors visible to the naked 

eye may be thought of without serious error as being of the size 

of gravel stones, allowing, however, not a little latitude to the 

meaning of the indefinite word “gravel.” 
These facts about the masses of shooting-stars have important 
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consequences. The meteors, in the first place, are not the fuel 
of the sun. We can measure and compute within certain limits 
of error the radiant energy emitted by the sun. The meteoroids 
large enough to give shooting-stars visible to the naked eye are 
scattered very irregularly through the space which the earth 
traverses ; but in the mean each is distant two or three hundred 
miles from its near neighbours. If these meteoroids supply the 
sun’s radiant energy, a simple computation shows that the aver- 
age shooting-star ought to have a mass enormously greater than 
is obtained from the most prolific stone-fall. 

Moreover, if these meteoroids are the source of the solar heat, 
their direct effect upon the earth’s heat by their impact upon our 
atmosphere ought also to be very great: whereas the November 
star-showers, in some of which a month’s supply of meteoroids 
was received in a few hours, do not appear to have been fol- 
lowed by noticeable increase of heat in the air. 

Again, the meteoroids do not cause the acceleration of the 
moon’s mean motion. In various ways the meteors do shorten 
the month as measured by the day. By falling on the earth and 
on the moon they increase the masses of both, and so make the 
moon move faster. They check the moon’s motion, and so, 
bringing it nearer to the earth, shorten the month. They load 
the earth with matter which has no momentum of rotation, and 
so lengthen the day. The amount of matter that must fall upon 
the earth in order to produce in all these ways the observed ac- 
celeration of the-moon’s motion, has been computed by Prof. 
Oppolzer. But his result would require for each meteoroid an 
enormous mass, one far too great to be accepted as possible. 

Again, the supposed power of such small bodies,—bodies so 
scattered as these are, even in the densest streams,—to brea 
up the comets or other heavenly bodies, and also their power, 
by intercepting the sun’s rays, to affect our weather, must, in 
absence of direct proof to the contrary, be regarded as insignifi- 
cant. So, too, their effect in producing geologic changes by 
adding to the earth’s strata has, without doubt, been very much 
over-estimated. During a million of years, at the present rate 
of, say, 15,000,000 of meteors per day, there comes into the air 
about one shooting-star or meteor for each square foot of the 
earth’s surface, 

To assume a sufficient abundance of meteors in ages past to 
accomplish any of these purposes is, to say the least, to reason 
from hypothetical and not from known causes. The same may 
be said of the suggestion that the mountains of the moon are 
due to the impact of meteorites. Enormously large meteoroids 
in ages past must be arbitrarily assumed, and, in addition, a 
very peculiar plastic condition of the lunar substance, in order 
that the impact of a meteoroid can make in the moon depres- 
sions ten, or fifty, or a hundred miles in diameter, surrounded 
by abrupt mountain walls two, and three, and four miles high, 
and yet the mountain walls not sink down again. 

The known visible meteors are not large enough nor numerous 
enough to do the various kinds of work which I have named. 
May we not assume that an enormous number of exceedingly 
small meteoroids are floating in space, are falling into the sun, 
are coming into our air, are swept up by the moon ? May we 
not assume that some of these various results, which cannot be 
due to meteoroids large enough for us to see as they enter the 
air, may be due to this finer impalpable cosmic dust? Yes, we 
may make such an assumption. There exist, no doubt, multi- 
tudes of these minute particles travelling in space. But science 
asks not only for a true cause, but a sufficient cause. There 
must be enough of this matter to do the work assigned to it. At 
present we have no evidence that the total existing quantity of 
such fine material is very large. It is to be hoped that through 
the collection and examination of meteoric dust we may soon 
learn something about the amount which our earth receives 
Until that shall be learned, we can reason only in general 
terms. So much matter coming into our atmosphere as these 
several hypotheses require would, without doubt, make its 
presence known to us in the appearance of our sunset skies and 
In a far greater deposit of meteoric dust than has ever yet been 
proven. 

A meteoroid origin has been assigned to the light of the solar 
corona. It is not unreasonable to suppose that the amount of 
the meteoroid matter should increase toward the sun, and that 
the illumination of such matter would be much greater near the 
solar surface. But it is difficult to explain upon such an hypo- 
thesis the radial structure, the rifts, and the shape of the curved 
lines, that are marked features of the corona. These seem to be 
inconsistent with any conceivable arrangement of meteoroids in 
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the vicinity of the sun. If the meteoroids are arranged 
random, there should be a uniform shading away of light as w 
go from the sun. If the meteoroids are in streams along 
cometary orbits, all lines bounding the light and shade in th 
coronal light should evidently bz projections of conic sections o| 
which the sun’s centre is the focus. There are curved lines in 
abundance in the coronal light, but, as figured by observers ani 
in the photographs, they seem to be entirely unlike such projec 
tions of conic sections. Only by a violent treatment of the 
observations can the curves be made to represent such projec 
tions. They look as though they were due to forces at the sun’s 
surface rather than at his centre. If those complicated line: 
have any meteoroid origin (which seems very unlikely), they 
suggest the phenomena of comets’ tails rather than meteoroid 
streams or sporadic meteors. The hypothesis that the long rays 
of light which sometimes have been seen to extend several 
degrees from the sun at the time of the solar eclipse are meteor 
streams seen edgewise, seems possibly true, but not at all 
probable. ] 

The observed life of the meteor is only a second, or at most a 
few seconds, except when a large one sends down stones to 
remain with us. What can we learn about its history an 
origin? 

Near the beginning of this century, when small meteors were 
looked on as some form of electricity, the meteorites were very 
generally regarded as having been thrown out from the lunar 
volcanoes. But as the conviction gained place that the meteor- 
ites moved not about the earth, but about the sun, it was seen 
that the lunar volcanoes must have been very active to have sent 
out such an enormous number of stones as are needed, in order 
that we should so frequently encounter them. When it was 
further considered that there is no proof that lunar volcanoes are 
now active, and that when they were active they were more 
likely to have been open seas of lava, not well fitted to shoot 
out such masses, the idea of the lunar origin of the meteorites 
gradually lost ground. 

But the unity of meteorites with shooting-stars, if true, in- 
creases a hundredfold the difficulty, and would require that the 
comets have the same origin with the meteorites. No one 
claims that the comets came from the moon. 

That the meteorites came from the earth’s volcanoes is still 
held by some men of science, particularly by the distinguished 
Astronomer-Royal for Ireland. The ditficulties of the hypo- 
thesis are, however, exceedingly great. In the first place, th 
meteorites are not like terrestrial rocks. Some minerals in 
them are like minerals in the rocks. Some irons are like the 
Greenland terrestrial irons. But no rock in the earth has yet 
been found that would be mistaken for a meteorite of any one of 
the two or three hundred known stone-falls. The meteorites 
resemble the deep terrestrial rocks in some particulars, it is true, 
but the two are also thoroughly unlike. 

The terrestrial voleanoes must also have been wonderfully 
active to have sent out such a multitude of meteorites as will 
explain the number of stone-falls which we know, and which we 
have good reason to believe, have occurred. The volcanoes 
must also have been wonderfully potent. The meteorites come 
to us with planetary velocities. In traversing the thin upper air 
they are burned and broken by the resisting medium. Long 
before they have gone through the tenth part of the atmosphere 
the meteorites usually are arrested and fall to the ground. If 
these bodies were sent out from the earth’s volcanoes, they left 
the upper air with the same velocity with which they now return 
to it. What energy must have been given to the meteorite 
before it left the volcano, to make it traverse the whole of our’ 
atmosphere and go away from the earth with a planetary 
velocity. Is it reasonable to believe that volcanoes were ever so 
potent, or that the meteorites would have survived such a 
journey ? 

No one claims that the meteors of the star-showers, or their 
accompanying comet, came from the earth’s volcanoes. To 
ascribe:a terrestrial origin to meteorites is, then, to deny the 
relationship of the shooting-star and the stone-meteor. Every 
reason for their likeness is an argument against the terrestrial 
origin of the stones. To suppose that the meteors came from 
any planets that have atmospheres involves difficulties not unlike 
to, and equally serious with, those involved in the theory of a 
terrestrial origin. 

The solar origin of meteorites has been seriously urged, and 
deserves a serious answer. The first difficulty which this hypo- 
thesis meets is that solid bodies should come from the hot sun. 
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Besides this, they must have passed without destruction through 
an atmosphere of immense thickness. Then there is a geometric 
difficulty. The meteorite shot out from the sun would travel, 
under the law of gravitation, nearly in a straight line out and 
back again into the sun. If in its course it enters the earth’s 
atmosphere, its relative motion—that which we see—should be 
in a line parallel to the ecliptic, except as slightly modified by 
the earth’s attraction, A large number of these meteors, that 
is, most if not all well-observed fire-balls, have certainly not 
travelled in such paths. These did not come from the sun. 

It has been a favourite hypothesis that the meteorites came 
from some planet broken in pieces by an internal catastrophe. 
There is much which mineralogists can say in favour of such a 
view. The studies of M. Stanislas Meunier and others into the 
structure of meteorites have brought out many facts which make 
this hypothesis plausible. It requires, however, that the stone- 
meteor be not regarded as of the same nature as the star-shower 
meteor, for no one now seriously claims that the comets are 
fragments of a broken planet. The hypothesis of the existence 
of such a planet is itself arbitrary ; and it is not easy to under- 
stand how any mass that has become collected by the action of 
gravity and of other known forces should, by internal forces, be 
broken in pieces, and these pieces sent asunder. The disruption 
of such a planet by internal forces, after it has by cooling lost 
largely its original energy, would be specially difficult to 
explain. 

We cannot, then, look to the moon, nor to the earth, nor to 
the sun, nor to any of the large planets, nor to a broken planet, 
as the first home of the meteoroids, without seeing serious if not 
insuperable objections. But since some of them were in time 
past certainly connected with comets, and since we can draw no 
line separating shooting-stars from stone-meteors, it is most 
natural to assume that all of them are of a cometary origin. Are 
there any insuperable objections that have been urged against 
the hypothesis that all of the meteoroids are of like nature with 
the comets, that they are in fact fragments of comets, or it may 
be sometimes minute comets themselves? If such objections 
exist, they ought evidently to come mainly fron the mine- 
ralogists, and from what they find in the internal structure of 
the meteorites. Astronomy has not as yet furnished any objec- 
tions. It seems strange that comets break in pieces, but astro- 
nomers admit it, for it is an observed fact. It is strange that 
groups of these small bodies should run before and follow after 
comets along their paths, but astronomers admit it as fact in the 
case of at least four comets. Astronomically there would seem 
to be no more difficulty in giving such origin to the sporadic 
meteor, and to the large fire-ball, and to the stone-meteor, than 
there is in giving it to the meteor of the star-shower. If, then, 
the cometic origin of meteorites is inadmissible, the objections 
must come mainly from the nature and structure of the meteoric 
stones andirons. Can the comet in its life and history furnish 
the varied conditions and forces necessary to the manufacture or 
growth of these peculiar structures ? 

It is not necessary, in order to answer this question, to solve 
the thousand puzzling problems that can be raised about the 
origin and the behaviour of comets. Comets exist in our system, 
and have their own peculiar development, whatever be our 
theories about them. It will be enough for my present purpose 
to assume as probably true the usual hypothesis that they were 
first condensed from nebulous matter; that that matter may 
have been either the outer portions of the original solar nebula, 
or matter entirely independent of our system and scattered 
through space. In either case, the comet is generally supposed, 
and probably must be supposed, to have become aggregated far 
away from the sun. ‘This aggregation was not into one large 
body, to be afterwards broken up by disruption or by solar 
action. The varieties of location of the cometic orbits seem 
inexplicable upon any such hypothesis. Separate centres of 
condensation are to be supposed, but they are not @ f7zo7v¢ un- 
reasonable. This is the rule rather than the exception every- 
where in Nature. 

Assume, then, such a separate original condensation of the 
comet in the cold of space, and that the comet had a very small 
mass compared with the mass of the planets. Add to this the 
comet’s subsequent known history, as we are seeing it in the 
heavens. Have we therein known forces and changes and con- 
ditions of such intensity and variety as the internal structure of 
the meteorites calls for? What that structure is, and, to some 
extent, what conditions must have existed at the time and place 
of its first formation, and during its subsequent trausfo-mations, 

mineralogists rather than astronomers must tell us. For a long 
time it was accepted without hesitation that these bodies re- 
quired great heat for their first consolidation. Their resem- 
blance to the earth’s volcanic rocks was insisted on by mineralo- 
gists. Prof. J. Lawrence Smith, in 1855, asserted without 
reserve that ‘‘they have all been subject to a more or less pro- 
longed igneous action corresponding to that of terrestrial 
volcanoes.” Director Haidinger, in 1861, said, ‘‘ With our 
present knowledge of natural laws, these characteristically crystal- 
line formations could not possibly have come into existence except 
under the action of high temperature combined with powerful 
pressure.” The likeness of these stones to the deeper igneous 
rocks of the earth, as shown by the experiments of M. Daubrée, 
strengthened this conviction. Mr. Sorby. in 1877, said, ‘‘It 
appears to me that the conditions under which meteorites were 
formed must bave been such that the temperature was high 
enough to fuse stony masses into glass ; that the particles could 
exist independently one of the other in an incandescent atmo- 
sphere subject to violent mechanical disturbances ; that the force 
of gravitation was great enough to collect the-e fine particles 
together into solid masses, and that these were in such a situation 
that they could be metamorphosed, further broken up into 
fragments, and again collected together.” 

Now, if meteorites could come into being only in a heated 
place, then the body in which they were formed ought, it would 
seem, to have been a large one. But the comets, on the con- 
trary, appear to have become aggregated in small masses. The 
idea that heat was essential to the production of these minerals 
was at first anatural one. All other known rock-formations are 
the result of processes that involve water or fire or metamorph- 
ism. All agree that the meteorites could not have been formed 
in the presence of water or free oxygen. What conclusion was 
more reasonable than that heat was present in the form of yol- 
canic or of metamorphic action ? 

The more recent investigations of the meteorites and kindred 
stones, especially the discussions of the Greenland native irons 
and the rocks in which they were embedded, are leading 
mineralogists, if I am not mistaken, to modify their views. 
Great heat at the first consolidation of the meteoric matter is 
not considered so essential. In a late paper M. Daubrée says :— 
“Tt is extremely remarkable that, in spite of their great tend- 
ency to a perfectly distinct crystallisation, the silicate combina- 
tions which make up the meteorites are there only in the con- 
dition of very small crystals, all jumbled together as if they had 
not passed through fusion. If we may look about us for some- 
thing analogous, we should say that, instead of calling to mind 
the long needles of ice which liquid water forms as it freezes, 
the fine-grained texture of meteorites resembles rather that of 
hoar-frost, and that of snow, which is due, as is known, to the 
immediate passage of ‘the atmospheric vapour of water into the 
solid state.” So Dr. Reusch, from the examination of the 
Scandinavian meteorites, concludes that ‘‘there is no need to 
assume volcanic and other processes taking place upon a large 
heavenly body formerly existing, but which has since gone to 
pieces.” 

The meteorites resemble the lavas and slags on the earth. 
These are formed in the absence of water, and with a limited 
supply of oxygen, and heat is present in the process. But is 
heat necessary? Some crystallisations do take place in the cold ; 
some are direct changes from gaseous to solid forms. We can- 
not in the laboratory reproduce all the conditions of crystallisa- 
tion in the cold of space. We cannot easily determine whether 
the mere absence of oxygen will not a:count fully for the slag- 
like character of the meteorite minerals. Wherever crystallisa~ 
tion can take place at all, if there is present silicon and magne- 
sium and iron and nickel, with a limited supply of oxygen, 
there silicates ought to be expected in abundance, and the iron 
and nickel in their metallic form. Except for the heat, the pro- 
cess should be analogous to that of the reduction of iron in the 
Bessemer cupola, where the limited supply of oxygen combines 
with the carbon and leaves the iron free. The smallness 
of the comets, should not, then, be an objection to considering 
the meteoric stones and irons as pieces of comets. ‘There is no 
necessity of assuming that they were parts of a large mass, in 
order to provide an intensely heated birth-place. 

But although great heat was not needed at the first formation, 
there are many facts about these stones which imply that violent 
forces have in some way acted during the meteorites’ history. 
The brecciated appearance of many specimens, the fact that the 
fragments in a breccia are themselves a finer breccia, the frac- 
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tures, infiltrations, and apparent faultings seen in microscopic 
sections and by the naked eye—these all imply the action of 
force. M. Daubrée supposes that the union of oxygen and 
silicon furnishes sufficient heat for making these minerals. If 
this is possible, those transformations may have taken place in 
their first home. Dr. - Reusch argues that the repeated heating 
and cooling of the comet, as it comes down to the sun and goes 
back again into the cold, is enough to account for all the peculi- 
arities of structure of the meteorites. These two modes of action 
do not, however, exclude each other. Suppose, then, a mass 
containing silicon, magnesium, iron, nickel, a limited supply of 
oxygen, and small quantities of other elements, all in their prim- 
ordial or nebulous state (whatever that may be), segregated 
somewhere in the cold of space. As the materials consolidate 
or crystallise, the oxygen is appropriated by the silicon and 
magnesium, and the iron and nickel are deposited in metallic 
form. Possibly the heat developed may, before it is radiated 
into space, modify and transform the substance. The final result 
is a rocky mass (or possibly several adjacent masses), which 
sooner or later is no doubt cooled down.throughout to the tem- 
perature of space. This mass, in its travels, comes near to the 
sun. Powerful action is there exerted upon it. It is heated. 
How intense is that heat upon a cold rock, unprotected appar- 
ently by its thin atmosphere, it is not possible to say. We know 
that the sun’s action is strong enough to develop that immense 
train, the comet’s tail, that sometimes spans our heavens. It is 
broken in pieces. We have seen the portions go off from the 
sun, to come back, probably, as separate comets. Solid frag- 
ments are scattered from it to travel in their own independent 
orbits. What is the condition of the burnt and crackled surface 
of a cometic mass or fragment as it goes out from the sun again 
into the cold? What changes may not that surface undergo be- 
fore it comes back again, to pass anew through the fiery ordeal ? 
We have here forces that we know are acting. They are in- 
tense, and act under varied conditions. The stones subject to 
those forces can have a history full of all the scenes and actions 
required for the growth of such strange bodies as have come 
down tous. Some of our meteors, those of the star-showers, 
have certainly had that history. What good reason is there for 
syne that all of them may not have had the like birth-place and 
ife ? 
The pieces which come into our air in any recurring star- 

shower belong to a group whose shape is only partly known. It 
is thin, for we traverse it ina short time. It is not a uniform 
ring, for it is not annual, except possibly the August sprinkle. 
How the sun’s unequal attraction for the parts of a group acts as 
a dispersive force to draw it out into a stream, those most beauti- 
ful and most fruitful discussions of Signor Schiaparelli have 
shown. ‘The groups that we meet are certainly in the shape of 
thin streams. 

It has been assumed that the cometic fragments go continu- 
ously away from the parent mass, so as to form, in due time, a 
ring-like stream of varying density, but stretched along the entire 
elliptic orbit of the comet. The epochs of the Leonid star- 
showers in November, which have been coming at intervals of 
thirty-three years since the year 902, have led us to believe that 
this departure of the fragments from Tempel’s comet (1866, I.) 
and the formation of the ring was a very slow process. The 
meteors which we met near 1866 were therefore thought to have 
left the comet many thousands of years ago. The extension of 
the group was presumed to go on in the future until, perhaps 
tens of thousands of years hence, the earth was to meet the 
stream every year. Whatever may be the case with Tempel’s 
comet and its meteors, this slow development is not found to be 
true for the fragments of Biela’s comet. It is quite certain that 
the meteors of the splendid displays of 1872 and 1885 left the 
immediate vicinity of that comet later than 1840, although at the 
time of those showers they had become separated two hundred 
millions of miles from the computed place of the comet. The 
process, then, has been an exceedingly rapid one, requiring, if 
continued at the same rate, only a small part of a millennium for 
the completion of an entire ring, if a ring is to be a future form 
of the group. 

It may be thought reasonable in view of this fact about Biela’s 
comet, established by the star-showers of 1872 and 1885, to re- 
vise our conception of the process of di integration of Tempel’s 
comet also. The more brilliant of the star showers from this 
comet have always occurred very near the end of the thirty- 
three year period. Instead of there being a slow process 
which is ultimately to produce a ring along the orbit of 

the comet, it certainly seems more reasonable to suppose 
that the compact lines of meteors which we met in 1866, 
1867, and 1868 left the comet at a recent date. A thousand 
years ago this shower occurred in the middle of October. By 
the precession of the equinoxes and the action of the planets, 
the shower has moved to the middle of November. One half 
of this motion is due to the precession, the other half to the 
perturbing action of the planets. | Did the planets act upon the 
comet before the meteoroids left it, or upon the meteoroid 
stream? Until one has reduced the forces to numerical values, 
he may not give to this question a positive answer. , But I 
strongly suspect that computations of the forces will show that 
the perturbations of Jupiter and Saturn upon that group of 
meteoroids hundreds of millions of miles in length,—perturba- 
tions strong enough to change the node of the orbit 15° along 
the ecliptic, —would not leave the group such a compact train 
as we found it in 1866. 
because the total action is scattered over so many centuries. But 
it seems more probable that the fragments are parting more 
rapidly from the comet than we have assumed, and that, long 
before the complete ring is formed, the groups become so scat- 
tered that we do not recognise them, or else are turned away so 
as not to cross the earth’s orbit. 

Comets, by theirstrange behaviour and wondrous trains, have 
given to timid and superstitious men more apprehensions than 
have any other heavenly bodies. They have been the occasion 
of an immense amount of vague, and wild, and valueless specu- 
lation by men who knew a very little science. They have 
furnished a hundred as yet unanswered problems which have 
puzzled the wisest. A world without water, with a strange and 
variable envelope which takes the place of an atmosphere, a 
world that travels repeatedly out into the cold and back to the 
sun, and slowly goes to pieces in the repeated process, has con- 
ditions so strange to our experience, and so impossible to repro- 
duce by experiment, that our physics cannot as yet explain it. 
But we may confidently look forward to the answer of many of 
these problems in the future. Of those strange bodies, the 
comets, we shall have far greater means of study than of any 
other bodies in the heavens. The comets alone give us speci- 
mens to handle and analyse. Comets may be studied, like the 
planets, by the use of the telescope, the polariscope, and the 
spectroscope. The utmost refinements of physical astronomy 
may be applied to both. But the cometary worlds will be also 
compelled, through these meteorite fragments,—with their in- 
cluded gases and peculiar minerals,—to give up some additional 
secrets of their own life, and of the physics of space, to the 
blowpipe, the microscope, the test-tube, and the crucible. 

THE BRITISH ASSOCIATION ~ 

SECTION D—BroLocy 

Initiation of a Discussion upon the Value of the ‘* Type- 
system” in the Teaching of Botany, by Prof. Bayley Balfour.— 
‘The speaker remarked that within the last fifteen years there had 
been a complete revolution in the method of teaching botany 
and zoology. The old method was practical teaching based on 
classification. In fact, in the olden times it was taught by 
means of object-lessons, which were sporadically chosen. In 
that method the real significance of plant life was completely 
overlooked, and also the position of the plants in Nature and 
their relationship to the animal kingdom. ‘The result was that 
they had naturalists bred who had a wide range of knowledge 
of plant forms, and able to recognise and name a great number — 
of plants, but of the life-history and sequence of events they 
were in the dark. The knowledge was a wide but superficial 
one. The new system was the natural outcome of the progress 
of the science, and as more knowledge of the minuter forms 
were obtained, it became necessary to select individual forms to 
be made types for special study. Thus by degrees a system of 
teaching was introduced which consisted in the selection of a 
few characteristic forms, and those were thoroughly studied in 
their structural and physiological relationship. Thus accurate 
knowledge of a few types was obtained, and the work now, in- 
stead of being in the field, was transferred to the laboratory. 
‘Yhat new method was greatly used at the present time, and 
promised to be more widely introduced by the publication of 
new text-books running along the lines of that teaching. The 
old system he did not think produced good results, but he ~ 
thought that teaching from types, combined with a certain 
amount of old teaching, would be effective. 

If this result is at all possible, it is- 
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In the discussion which followed, Prof. Bower said that in 

the elementary schools it would be well to give first the classifi- 

cation of the higher plants, and then, if the students succeeded 

in that part, they might pass to the more strict labora- 

tory learning. — Prof. Hartog condemned the use of the 

type-system with children under sixteen, and, referring to 

the college instruction, lamented that the study of botany 

should have to be regulated by the requirements of the 

medical students:—Dr. Trimen thought the type-system was 

apt to give the students a false impression of the vegetable king- 

dom. ‘They were apt to think that those types covered the 

whole matter to be studied. It would be well if the system 

could be extended. As to the question of medical_ students, 

they certainly did not require a complete course of technical 

botany. The teaching of botany in some of the London schools 

was a mere farce.—Prof. Marshall Ward remarked that the type- 

system has done good service to education, and pointed out how 

necessary it is to obtain exact knowledge from the study of 

actual objects, and how valuable is the training due to their 

careful investigation. The types should be real, and not 

imaginary or badly-selected ones.—Dr. Shaw observed that it 

would be a great mistake to drop biology out of the curriculum 

of the medical student.—Prof. Hillhouse pointed out that the 

type-system gave the student the advantage of commencing with 

simplicity and working up to complexity. The system, to be 

successful, must be carefully arranged and the selection of types 

judicious. 
Remarks on “ Physiological Selectin, an Addi ional Suggestion 

on the Origin of Species,” by G. F. Remanes, FR S., by Henry 

Seebohm.—-This was a criticism of the above paper, and was 

followed by a short discussion, the general conclusion arrived 

at being to the effect that the paper referred to does not contri- 

bute anything essentially new to the theory of Charles Darwin. 

In criticising this theory, Mr. Seebohm pointed out that 

its author not only demanded an impossible number of 

coincidences, but coincidences of such a character that, once 

granted, the additional coincidence of fertility zzéer se but 

sterility outside the family was almost, if not quite, an unneces- 

sary incumbrance to it. 
On the Morphology of the Mammalian Coracoid, by Prof. 

G. B. Howes. —The author seeks to show that the importance 

of a third centre of ossification of the mammalian coracoid has 

escaped attention ; he claims that it is the representative of the 

true coracoid bar of the lower vertebrata, the coracoid process 

being held to answer to the epicoracoid plate of the monotreme. 

He further upholds the view that the mammalian shoulder-girdle 

has been derived from a primarily expanded sheet-like form. 

Some Experiments upon the Acquisition of an Unpleasant 

Taste as a Means of Protecting Insects from their Enemies, 

by E. B. Poulton.—This paper dealt with experiments upon the 

acquisition of an unpleasant taste as a means of protecting 

insects from their enemies. The author remarked that Darwin 

thinking of the use of colour in animals, and deciding that it 

was of use in courtship, came across the bright colours of cater- 

pillars, which were sexless. He directed Wallace’s attention to 

the subject, and he ventured a prediction that the bright colours 

would be associated with an unpleasant taste or smell, so that 

lizards, &c., refused to eat them. Experiments proved that this 

was correct, but, on thinking the subject over, it seemed to the 

writer that some limitations were required. If an imsect was 

distasteful to a lizard, the former would either be starved or 

would have to put up with an unpleasant taste. It might pro- 

bably acquire a relish for what hitherto was disagreeable, and 

then the distasteful organisms being brilliant and conspicuous 

would be easily caught and exterminated. Mr. Poulton there- 

fore determined to experiment upon them, believing that it 

would be found that protection by a disagreeable taste was not 

so complete as was supposed. He obtained lizards from Italy, 

but found that that was the case. They often refused an insect 

at first, and took it afterwards unless they were fed on other 

things which they liked better. It was found that the small 

lizards refused a large moth, such as the privet hawk, although 

entirely harmless and undoubtedly palatable. The larger lizards 

disposed of it at once, and the former were evidently afraid of 

it, from its size bearing some comparison to their own. Further, 

the brilliant black and red moth, the cinnabar, was eaten by 

the tree-frog, and a second specimen was eaten directly after- 

wards. It was quite clear that the frog did not dislike the 

taste, but the moths disagreed with the frog, and they were 

afterwards found floating in the aquarium. The moth of the 

buff tip, which was protected by resembling a piece of broken 

rotten wood, was evidently disliked by the lizards, although 

they ate it in the end. In some cases disagreeable insects were 

eaten with a relish by those particular animals, such as the larve 

of the common Creesus found on birch. The protection was 

therefore less perfect than was supposed to be the case. 

On the Germination of the Spores of “Phytophthora infestans,” 

by Prof. Marshall Ward.—One of the objects of this communi- 

cation was to bring before the meeting copies of some careful 

drawings of all the stages of germination. These were obtained 

by actually watching the development, escape, and germination 

ofthe zoospores from the ‘ conidia,” following all the phases in 

one individual. The curious effects of light and of abnormal 

conditions upon the development of the zoospores were also 

pointed out, and the author showed diagrams of other forms of 

germination obtained by interfering with the conditions. In the 

short discussion which followed Prof. Marshall Ward referred to 

some points in the development and escape of the zoospores of 

the Saprolegnia. 
On the Flora of Ceylon, especially as affected by Climate, by 

Henry Trimen, M.B., F.L.S.—Attention was first called to the 

fact that the Island of Ceylon was practically known to Europeans 

only by its south-west part, being about one-fifth of the whole area, 

but including the chief European centres, the planting districts 

of the hills, and the railway system. The remainder of the 

country is thickly covered with jungle, thinly inhabited, and 

rarely visited by Europeans, save Government officials and 

sportsmen. This difference was shown to be due to climate, 

especially to rainfall. The distribution of the rain, so far as is 

shown by annual amount, was exhibited by a map, in which the 

great advantage to the south-west of the lofty forest-clad escarp- 

ment of the central mountain-mass of over 7000 feet was ex- 

hibited. The south-west monsoon wind commencing at the end 

of May deposits an immense quantity of rain here, especially in 

the neighbourhood of Adam’s Peak. In the rest of the island 

this wind becomes dry, and the country is parched and arid 

until the arrival of the north-east monsoon, which commences 

in October. This wind brings rain to the whole island, and is 

the only rain which the dry districts get ; in many places it all 

falls in a few weeks, when the country is completely under 

water, though parched with drought for the rest of the year. 

This is very different to the well-known south-west of Ceylon, 

where, save in February or March, a fortnight’s drought is a 

very rare eyent. In some parts over 200 inches falls in the year. 

In these respects Ceylon is an epitome or continuation of the 

Southern Indian peninsula, The peculiarities of the flora 

were then gone through in some detail, taking first the low 

country of the wet districts up to 3000 feet—in which the num- 

ber of introduced tropical plants was commented upon; then 

of the lower hills, the principal home of the planting enter- 

prise and tea and coffee estates ; and next ‘of the higher or true 

mountain districts above 5000 feet. In the low country the 

forest has been much destroyed by the indolent and improvident 

native mode of cultivation called ‘‘chena,” and but little virgin 

forest remains in this portion of Ceylon. From 3000 to 5000 

feet the agent of destruction has been European planting, and 

the forest has almost wholly disappeared. Above 5000 feet, 

land is no longer sold by Government. Attention was specially 

called to the concentration of endemic species in this wet dis- 

trict—over 800, or nearly 30 per cent. of the whole flora—and 

to the strongly Malayan, as distinguished from Peninsular 

Indian, type of these and of the whole flora. There are no 

Alpine plants in the Ceylon hills; dense forest covers their 

summits, but a number of temperate gemera are represented. 

This flora is entirely Indian in type, with no gers represented 

which is not also found in the Nilghiris, but the number of en- 

demic sfecies is very remarkable, only about 200 being common 

to both mountain-ranges. A few remarks were then made upon 

the naturally open grass lands, called ‘‘patanas,” in the hills, 

and their peculiar vegetation. The flora of the great dry tracts 

of Ceylon was then considered. It is completely distinct from 

that already considered, being mainly the same as that of the 

Carnatic or Coromandel coast of India, with no Malayan ad- 

mixture, and very few endemic species. The whole country is 

covered with forest, apparently primzeval ; but in reality much 

of it is secondary, and not more than 800 or 1090 years old, as 

is reported by native tradition, and evidenced by 
the vast remains 

of temples, tanks, and ancient buildings now overgrown with 

trees, Most of the timbers of importance in trade are obtained 

in these districts, and, owing to a very faulty forest conservancy, 
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there is now but little first-class timber remaining, save in very 
remote places. The botanical characters of this forest, which 
is everywhere evergreen, were given ; and the paper concluded 
with a few remarks on the coast flora, which is yery uniform 
throughout the tropical belt of the world. 

On ‘* Humboldtia laurifolia” as a Myrmecophilous Plant, by 
Prof. Bower.—It had been found that there were considerable 
numbers of plants in tropical countries which were pre-eminently 
associated with ants. The Italian botanist Picari propounded a 
general view with regard to the subject that the association was 
mutually advantageous to the ants and to the plants. He 
found that the plants gave shelter to the ants, and in certain 
cases supplied them with food. No one would deny the state- 
ment that the relation was advantageous to the ants themselves, 
but the converse case was not so clear. In some cases it had 
been found that the ants served to protect the plants, and drove 
off other insects. Picari also pointed out that in certain cases 
the plants derived nutriment from the excreta of the ants, but 
whether that was the case was a view open to considerable dis- 
cussion. He (Prof. Bower) had come to the conclusion that the 
ants derived all the benefit, and that there was no advantage to 
the plants. Not only were the ants provided with a capital 
lodging, but it might be fairly assumed that from the giands of 
the plants the insects derived food as well. 

On the Artificial Production of a Gilded Appearance in 
Chrysalises, by FE. B. Poulton.—The author remarked that 
some years ago Mr. T. W. Wood brought before the notice of 
the Entomological Society of London some proofs that certain 
chrysalises imitated the colour of the surfaces upon which they 
threw off their caterpillar skin. The intimation was received 
with some amount of credulity by leading entomologists, but 
evidently without sufficient reason, For some years the writer 
had been working upon the colour of caterpillars in relation to 
the colour of their surroundings, and he had shown that the 
colour could be modified in one generation by the alterations of 
their surroundings. It seemed certain that through some sensory 
surface, possibly the eye, caterpillars were affected by their 
external relations, and a corresponding effect was produced in 
colour. Mr. Wood’s experiment was but a special case of some 
general method of production. He explained the results by 
supposing that the moist surface of a fresh chrysalis was photo- 
graphically sensitive to the colour of surrounding surfaces. 
That appeared to be merely a metaphor, and was unsupported 
by proof. It was more probable that the colour was produced 
by the effect upon the caterpillar before it turned to the chrysalis. 
Experiments were therefore made by the writer to put the fact 
itself beyond dispute. That was done first by the use of caterpillars 
of the peacock butterfly and the common tortoiseshell butterfly. 
It was found that by allowing them to turn to chrysalises upon a 
white or a black screen very different results were produced. 
Those upon white paper were often brilliantly golden, although 
the chrysalises of the tortoiseshell were not quite so golden. 
Gilded specimens were sometimes found, but their appearances 
seemed to be produced as a disease. While that was the case 
of chrysalises found in the fields, the specimens experimented 
with by the writer were perfectly healthy, and produced healthy 
butterflies. He then saw that, although a white paper produced 
a golden appearance, a gilded surface would produce the 
same effect toa greater extent. That bore in a most important 
manner on the use of the metallic tints of many of the exposed 
chrysalises of butterflies: which were thus seen to have harmon- 
ised with some metallic surroundings. The next point was to 
ascertain the period during which the caterpillar was sensitive to 
the colour of the surrounding surfaces, and the nature of the 
surface which was affected. The former end was achieved by 
carefully watching the caterpillars between the time at which 
they ceased feeding and that at which they turned to chrysalises. 
It was found that they were sensitive for many hours, even more 
than a day, before the change took place. The other object 
was attained by placing the larvee suspended downwards for ten 
or twelve hours before the change took place ina tube, of which 
the upper part was golden and the lower black, the two being 
separated by a perforated disk. The caterpillar’s head was 
turned round so that it could not see through the aperture, and 
the result showed that the chrysalises were the colour of the 
chamber in which the head was placed. Hence it seemed that 
the sensory surface must have existed upon that area, The full 
results, however, had not yet been obtained. 

The Nervous System of Sponges, by Dr. R. von Lendenfeld.— 
The author gives an account of his discoveries on this subject up 
to date. Sensitive and ganglia cells have been observed by him 
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in a good number of sponges. Their locality varies, their shape 
is constant. They are mesodermal, and appear to preside over 
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the movements of the membranes and pore-sieves, and so regu- 
late the water current. The great difference between sponges 
and higher ccelenterates is, that in the former the most important 
organs are mesodermal, whilst in the latter they are ecto- or 
ento-dermal. He divides the type Ccelenterata accordingly into 
Calenterata Mesodermalia, or sponges, and Calenterata Epithe- 
/aria or Cnidaria, as Lulitypes. 

The Function of Nettle-Cells, by Dr. R. von Lendenfeld.— 
The author gives a detailed account of the structure of the nettle- 
cells, or cnidoblasts, and discusses some biological facts regard- 
ing their function. He comes to the conclusion that the nettle- 
cells are exploded by direct reflex action when the cnidocil is 
touched, but that the animal can counteract this reflex action by 
a centrifugally acting nervous irritation in a similar manner as 
reflex actions are controlled by higher nervous centres in man. 

Note on the Floral Symmetry of the Genus Cypripedium, by 
Dr. Maxwell T. Masters, F.R.S.—In this note the author 
adverts to so much of the normal structure of Orchids in general, 
and of Cypripedium in particular, as is necessary for the elucida- 
tion of his subject, and proceeds to describe a case of regular 
peloria in Cypripedium caudatum, which shows a reversion to 
the typical form of Orchids, and goes to prove that the so-called 
genus Uropedium is only a pelorian form of Cypripedium. The 
construction of the andrcecium in these plants is then alluded to, 
and illustrations given of all intermediate stages from monandry 
to hexandry. The frequently observed tendencies to a dimerous 
condition, and to the development of the inner row of stamens, 
are alluded to, and the significance of these changes pointed out. 

| 

The morphological changes consequent upon hybridisation, and 
the inferences to be derived from them, are passed under review. 
The paper concludes with a general summary of the teratological 
changes observed in the tribe Cypripediez. 

Votes on Australian Calenterales, by Dr. von Lendenfeld.— 
The author describes the extraordinary mode of development of 
Phyllorhiza punctata, a rhizostomous Medusa discovered by him 
in Port Jackson. The Ephyra has eight, the next stage twenty- 
four, the next sixteen, and the adult again eight marginal 
bodies. If the umbrella margin is injured and newly formed, 
marginal bodies appear between a// the newly-formed flaps. 
Further, the migrations of Cyambessa masaica at the breeding — 
time are described. This and other species of that genus of 
rhizostomous Medusz migrate far up the rivers, like the salmon, 
to deposit their young. A remarkable change in the colour of 
C. masaica, which has taken place in Port Jackson since the 
observations of Huxley about fifty years ago, is described. A 
new variety, which is brown, seems to have been produced or 
to have immigrated and superseded the 4/we form, which was 
observed by Huxley and others in that locality. In Port Phlilip 
the blue variety is still found. The author has found in examin- 
ing the lower freshwater animals that the freshwater Hydroids 
and Sponges, as also the freshwater Khizopoda of Australia, are 
very similar to the European, whilst the warize species of these 
groups differ very much in the two localities. He concludes 
that these freshwater forms are very old and conservative, and 
may be supposed to be the unchanged offspring of old ancestral 
forms, as such possessing particular systematic importance. 
Bugio; the Biological Relations of an Atlantic Rock, by 

Michael C. Grabham, M.D., F.G.S., F.R.C.P.—Region 
almost unknown, but interesting as being typical of flora distri- 
bution, and of variation in isolation, Author proposed to illus- 
trate present knowledge by reference to prominent forms, 
animal and vegetable, existing at Bugio, the most unknown of 
the Dezerta islets. 

Dezerta.—Physical characters: Foundation on a narrow 
ledge ; dimensions never much greater ; no evidence of ancient 
contact ; not survivals of an ancient continent, but islands in a 
Miocene sea, deriving their first colonists from Miocene Europe. 

Description of Bugio.—Difficulty of access ; central volcanic 
dyke ; large proportion of tufas ; no sections of old river-beds 
or surface obliterations ; summit showed deep clay-beds and 
surface deposits of calcareous sand and earth. 
Flova.—Uow related to Madeira; arbitrary distribution ; 

absence of easily wafted forms ; Senecio ztncrassatus, Madeiran 
and Canarian varieties ; Zchtum fastuosuem, maritime form of ; 
hybrid with Z&, s¢mp/ex, remarkable perpetuation of perennial 
growth, and other changes ; several instances of fitful distribu- 
tion ; Chrysanthemum dematomma, a distinct and only species ; 
remarks on cognate Madeira forms ; Monizia edulis, Dezertan, 
Salvagic, and Madeiran examples ; Miocene origin of. 
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Fauna.—Rabbit, identical with that of Porto Santo, de- 
scribed by Darwin as having acquired specific characters in 
shortened length, and colour of skin. Sea-dtvds breeding at 
Bugio: Sternus hirundo, Thallassidroma bulwerit, and many 
others. Procellaria angiorum dominant to the exclusion of P. 
major and P. obscura. Influence of birds in migration of plants 
and mollusks. Zestacea; Distribution and affinities—e/ix 
crystallina, affinities of; A. erudbescens, distribution of; 
punctulata, modification of ; H. Leonina, area of, and relations ; 
Hf, vulgata, dwarfed example of ; H. polymorpha, distinct races 
of ; connections of A. tarella, H. coronula, and 4. grabhamt. 
Coleopterous Deuca’ion, isolated species, now related to a Sal- 
vagic form. 
Summary.—Showing the difficulties attending the determina- 

tion of the origin and migration of species to be equally great in 
the component rocks of a group of islands as in the archipelago 

‘itself. Agency of man, chiefly in extinction and destruction, 
illustrated by introduction of opposing or contaminating forms ; 

ravages of Eupatoria and Fiylloxera vasta'rix in Madeira; sur- 
_viving vigour of Miocene plants. Author's paper only meant to 
be indicative of those branches and details which might singly 
occupy the attention of the Section. 

The Multiplication and Vitality of cerlain Micro-organisms, 
Pathogenic and otherwise, by Percy F. Frankland, Ph.D., B.Sc., 
F.C.S., F.T.C., Assoc.Roy.Sch.Mines.—In this paper the 
author records a number of experiments which he has carried out 
on the multiplication of the micro-organisms present in natural 
waters, and also on the vitality of certain pathogenic organisms 
when purposely introduced into similar media. These pheno- 
mena have been studied by aid of the method of gelatine-plate 
eultivation, originally devised by Koch. The first part of the 
paper treats of the influence of storage in sterilised vessels, upon 

| the number of micro-organisms present in the unfiltered water 
of the Rivers Thames and Lea, in the waters of these rivers 
after sand filtration by the companies supplying the metropolis, 

and in deep-well water obtained from the chalk. Of these three 
. different kinds of water, at the time of collection the unfiltered 
_ river-waters are the richest in micro-organisms, containing, as 
they do, several thousand microbes, capable of being revealed 
by plate-cultivation, in 1 cubic centimetre of water, whilst the 
filtered river-waters have this number generally reduced by 
about 95 per cent., and the number present in the deep-well 
water rarely exceeds ten per cubic centimetre. On storage in 

“sterilised vessels at 20° C., however, a great change in the 
relationship of these numbers soon takes place, for whilst the 

' number of organisms in the crude river-water undergoes but 
‘little change, or even suffers diminution, that in the filtered river- 

' water exhibits very rapid multiplication, and this increase is 
even still more marked in the case of the deep-well water. The 
author suggests that the differences in the rate of multiplication 

| exhibited by these three kinds of water is dependent upon the 
number of different varieties of micro-organisms which they con- 

_ tain. Thus in the unfiltered river-waters the organisms belong toa 
number of different kinds ; the filtered river-waters exhibit fewer 

“varieties ; whilst in the deep-well water the number of varieties 
is still more limited, the gelatine-plates having generally the 
“appearance of almost pure cultivations. The microbes in the 

_ deep-well water will thus be less hampered in their multiplication 
_ by hostile competitors than those in the filtered river-waters, and 
these again less than those in the crude river-waters, in which 
an equilibrium must have already been established between the 
-yarious competitors. When the waters were exposed to a tem- 
perature of 35° C., the multiplication was in all cases very much 
“more rapid, but both at 20° C., as well as at 35° C., the multi- 
plication was, on prolonged storage, followed by reduction. 
The pathogenic forms which have been studied by the author 
are: (1) Koch’s ‘‘ Comma” sfirillum of Asiatic cholera, (2) 

) Finkler-Prior’s ‘* Comma” spirvillum of European cholera, and 
(3) the Bacillus pyocyaneus, which produces the greenish-blue 
_colouring-matter frequently present in abscesses. The vitality 
of these organisms has been studied by introducing minute 

_ quantities of their cultivations into sterilised distilled water, 
- deep-well water, filtered Thames water, and London sewage. 
In these media they present some very striking differences. 
pees the Bacillus pyocyaneus was found to flourish in all; even 
in distilled water it was present in largely multipled numbers 
fter fifty-three days. Koch's ‘‘ Comma” spirillum, on the 
ther hand, when introduced into deep-well water was no longer 
emonstrable after the ninth day, whilst in sewage it was still 

' found in enormously multiplied numbers after twenty-nine days. 

; 

Finkler-Prior’s ‘‘ Comma” sfirillum, although showing such 
far greater vital activity than Koch’s im gelatine cultures, pos- 
sesses far less vitality than the latter when introduced into water. 
Thus in the above-mentioned media it was in no case demon- 
strable after the first day. 

SCIENTIFIC SERIALS 

American Fournal of Science, September.—A_ post-Tertiary 
elevation of the Sierra Nevada, shown by the river-beds, by 
Joseph Le Conte. In further elucidation of his already pub- 
lished speculations regarding an upheaval of the Sierra Nevada 
towards the close of the Tertiary epoch, the author here brings 
forward much additional evidence, also correlating this move- 
ment with a contemporaneous elevation in other parts of the 
western half of the continent. He endeayours to show that 
the upward moyement, which seems to have affected all 
high latitude regions at that time, but which was oscillatory and 
therefore temporary on the eastern side of North America 
and in Europe, on the Pacific slope was permanent, and has 
largely determined the orographic structure of that region.— 
The strain effect of sudden cooling, as exhibited by glass and by 
steel (second paper), by C. Barus and V. Strouhal. In their first 
communication the authors compared the strains experienced by 
glass and steel on sudden cooling, by aid of the density varia- 
tions observed when the bodies carrying strain were annealed, 
as a whole. Were they seek to confirm their earlier inference 
relative to the temper-strain of glass. They also investigated 
the density-relations of consecutive similar shells of the Prince 
Rupert drop, and the optical character of the successive cores. 
In general it is shown that the optical effect of the temper- 
strain in glass may be regarded as the analogue of the electrical 
effect of the temper-strain in steel. In a further communication 
a more specific inquiry will be made into the causes of hardness 
itself, with a view to throwing some light on the mysterious 
transformations of carbon.—Devonian Lamellibranchiata and 
species-making, by Henry S. Williams. In connection with 
the publication of Prof, James Hall’s monograph on Devonian 
Lamellibranchs, completing vol. v. part 1 of the ‘* Paleontology 
of New York,” it is pointed out that fossil species, and even 
genera, are unduly multiplied on totally inadequate data. 
Species and genera cannot be regarded as established so long as 
the author himself is unable to distribute the typical specimens, 
twice alike, without reference to the original labels. —Note on 
the composition of certain ‘‘ Pliocene sandstones” from Mon- 
tana and Idaho, by George P. Merrill. While lately classifying 
the rocks collected in Montana and Idaho by Dr. A. C. Peale 
in 1871, the author's attention was called to some fragments 
labelled as ‘‘Pliocene” sandstones. A glance, however, 
showed that they strongly resembled compacted volcanic dust 
and sand, and a microscopic examination made it evident that 
the stones consisted very largely of minute flakes of pumiceous 
glass sufficiently compacted to be readily broken out into hard 
specimens, but extremely friable. The specimens are fully de- 
scribed and some speculations offered as to their probable 
origin. It is added that in Kansas and Nebraska these dusts 
are collected and sold as ‘‘ diamond polishing powder,” or used 
in the preparation of the so-called ‘‘geyserite ” scouring-soap.— 
Contributions to mineralogy, by W. Earl Hidden, with crystallo- 
graphic notes by A. Des Cloizeaux. The paper deals with the 
ipodumene, black tourmaline, xenotime, and twin crystals of 
monazite from North Carolina ; a remarkable crystal of herderite 
found in 1884 near Stoneham, Maine; a twin crystal of molyb- 
denite from Renfrew, Canada; and the phenacite from Floris- 
sant, El Paso County, Colorado.—Turquois from New Mexico, 
by F. W. Clarke and J. S. Diller. A full analysis and micro- 
scopic study is given of some specimens from the turquois mines 
of Los Cerillos, New Mexico, about 22 miles south-west of 
Santa Fé. The turquois-bearing rock appears to be eruptive, 
and probably of Tertiary age, while the small size of the veins 
and their limited distribution show that the turquois is of local 
origin, possibly the result of alteration of some other mineral. — 
On the electrical resistance of soft carbon under pressure, by 
T. C. Mendenhall. In reply to Prof. Sylvanus P. Thompson's 
objections, the author describes some fresh experiments fully con- 
firming his views regarding the change in the resistance of carbon 
due to change of pressure. In the form of compressed lamp- 
black the electrical resistance of carbon varies greatly with the 
pressure to which it is subjected, and the variation is mainly due 
to a real change in the resistance of the carbon itself.—Com- 
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parison of maps of the ultra-viclet spectrum, by Edward C. 
Pickering. Prof. Rowland’s recently published photograph of 

the solar spectrum is compared with Draper's map of the wltra- 
violet portion of the spectrum prepared in 1873, with which it 
is shown to agree very closely. The mean difference for the 
seventy-six lines compared was 0’012, corresponding to about 
1/800 inch upon the Draper map. It may therefore be assumed 
that the probable error of a wave-length derived from this map 
will not exceed 1/100 unit if the correction here given be fist 
applied.—On two hitherto undescribed meteoric stones, by 
Edward S. Dana and Samuel L. Penfield. One of these 
meteorites was found, in 1869, between Salt Lake City and Echo, 
Utah ; the other, in 1846, near Cape Girardeau, South-West 
Missouri. Olivine is the most prominent constituent of the 
former, while the latter is a light gray chondrite. 

SOCIETIES AND ACADEMIES 

PARIS 

Academy of Sciences, September 20.—M. Fizeau in the 
chair.—Kinematic analysis of human motion, by M. Marey, In 
the figure accompanying this paper are represented the successive 
attitudes of the lower right limb while describing a complete 
step. This action is shown to be divided into two periods, a 
rest and arise, which are again subdivided into four unequal 
phases, of which the last three belong to the period of rise. 
The simultaneous movements of ankle, knee, and hip are ex- 
plained, and it is pointed out that, whatever be the velocity of 
the pace, the form of the various trajectories here described is 
maintained in their salient features. But, the more rapid the 
motion, the more is the tendency of the centre of gravity to 
approach a straight line parallel with the surface of the ground. 
—‘* Modern Kinetics and the Dynamism of the Future,” by M. 
G. A. Him. This is the title of a new work, which the author 
presents to the Academy with some remarks explaining its gene- 
ral purpose. After replying to the various objections raised 
against his general principles, he deals with the arguments 
which, as he maintains, render henceforth indefensible the 
kinetic theory of the gases, referring to molecular movements 
most of the properties of these bodies. Three arguments are 
advanced of such a nature that he believes future physicists will 
wonder how this kinetic theory could ever have been accepted 
for a single moment. Even were it correct, it would not follow 
that light, radiant heat, electricity, magnetic attraction and re- 
pulsion, and gravitation were due to movements of ponderable 
matter, far less that thought itself was nothing more than 
a molecular movement. But the reverse is not true, so 
that with the collapse of the kinetic theory of the gases 
fall the kinetic theories in general, which claim to ex- 
plain all possible phenomena of the universe by invisible 
movements of matter. The doctrine here substituted for kinetic 
force, he thinks, explains quite as easily, and much more 
rationally, the universal phenomena of the physical world. He 
does not, however, hope at once to convince all minds of what 
they should have long ago been themselves convinced. Inter- 
pretations formulated @ fv%or7, and apart from experience and 
observation, have unfortunately more vitality than truths gained 
to science by the patient study of Nature.—Observations of 
Winnecke’s comet made at the Observatory of Nice (Gautier 
equatorial), by MM. Perrotin and Charlois. The results of 
these observations, which extend over the four days from August 
27 to September 1, are embodied in tables showing the positions 
of the stars 25339 Lalande, 25588 Lalande, 4989 Schjellerup, 
5004 Schjellerup, and the apparent positions of the comet.— 
On the transformation of algebraic surfaces in themselves, by M. 
Emile Picard. A proposition analogous to that of Schwarz is thus 
formulated: Algebraic surfaces capable of being transformed in 
themselves by a bi-rational substitution, including two arbitrary 
parameters, are of the genus zero, or one.—On a class of differ- 
ential non-linear equations, by M. Roger Liouville.—Historical 
note on a series whose general term is of the form A, (« — a) 
(x — ay)... (x — a), by M. G. Enestrom.—Researches on 
the structure of the nerve-centres in the Arachnide, by M. G. 
Saint-Remy. Having ina previous communication dealt with 
the structure of the brain of the scorpion, the author here extends 
his observations to the spider family, and more particularly to 
Tegenaria domestica, Epeiva diadema, and Phalangium opiiio. 
In these groups he shows that the brain offers the same 
plan of organisation as that of the Scorpionida.—Fresh 
researches on the configuration and extent of the Carmaux 

Coal-measures, by MM. Alfred Caraven-Cachin and Grand. In 
this basin, which extends for nearly six miles from Roziéres to 
Saint-Quentin, there are in some districts three successive coal- 
deposits with a joint thickness of over 31 metres underlying 
Tertiary formations 156 metres thick. They appear to have 
been deposited horizontally, always in shallow water, the land 
subsiding sometimes slowly, sometimes intermittently, during 
the whole period of their formation.—Note on the affinities of 
the Oolitic floras in the West of France and in England, by M. L. 
Crié. In this paper the author communicates the first result~ of 
his studies of the Oolitic floras of these regions. The conifers 
are represented at Mamers (Sarthe) and at Scarborough (York- 
shire) by traces of Brachyphyllum, which present a remarkable 
identity. Certain imprints at Scarborough also show a strong 
resemblance, in the disposition of the foliage, and especially in 
the veinous system, to Ol2zamites marginatus, Sap., which is so 
characteristic of the Mamers flora. About the middle of the 
Oolitic period this group must haye covered certain upheaved 
tracts in the Venetian Alps, in the neighbourhood of Mamers, 
and at Scarborough.—The waterspout of September 14 at 
Marseilles, by M. Barthelet. 
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ORCHIDS 

Reichenbachia: Orchids Illustrated and Described. By 
F. Sander, assisted by Eminent Scientific Authori- 
ties. Magnificently Illustrated in Colours. (London: 
Sotheran and Co.,, 1886.) 

HE first two parts of a new illustrated work on 
orchids are now before us. It is called “‘ Reichen- 

bachia,” in honour of Prof. Reichenbach, of Hamburg, 

our greatest living authority on the Orchidee. The 

author of the work, which is to be published in monthly 
parts in an “ordinary,” and an “imperial” edition 
limited to one hundred copies, is Mr. F. Sander, a well- 
known importer of, and dealer in, orchids at St. Alban’s. 
While justice should be done to the author’s energy and 

enterprise in undertaking so sumptuous and, so far as it 
has gone, so promising a production, it should be remem- 
bered that his business interests are connected with it. 

Each part of the larger edition contains four plates in 

imperial folio, with botanical and horticultural descrip- 
tions in English, French, and German, geographical and 
cultural details being also given. The botanical descrip- 
tions are by Prof. Reichenbach, who is responsible also 

for the dissections. Why, we may ask, are the descrip- 

tions of the dissections sometimes in English and some- 
times in Latin? ‘This query leads to the remark that the 
custom of giving botanical descriptions in Latin has led 
to the creation of what we venture to designate as a most 

extraordinary, barbarous, and unintelligible jargon. In 
this work, as in any other botanical book where the 
descriptions are in Latin, words are to be found in 
numbers which are in no sense Latin. Scientific 

descriptions may require the invention of words or 
terms; but the supposed convenience of their being 
understood, when in. Latin, by men of science of all 
nations is hardly a sufficient justification for the whole- 
sale creation of such a language. We may add that we 
submitted one of the Latin descriptions in this work to 
the head master of a great school, who was unable even 

to suggest a meaning for some of the terms. 
The plates in “Reichenbachia” are unquestionably 

superior, taking them one with another, to those in any 
modern botanical work we are acquainted with. They 
are far in advance both in drawing, and in truth and 
delicacy of colouring, to the “ Orchid Album” of Messrs. 
B. S. Williams and Sons, or the “ Lindenia” of the Con- 

tinental Horticultural Company of Ghent. They do 
great credit to Mr. H. G. Moore, one of the best of our 
young horticultural artists, and to Mr. J. L. Macfar- 

lane, whose work as a natural history lithographer it 
would be difficult to surpass. We are disposed to take 

exception to a remark made by Prof. Reichenbach, 

under Tab. I., Odontoglossum crispum, that Bateman’s 
“ “Monograph of Odontoglossum” is “perhaps the finest 

book on orchids that has ever been issued.” In our 
_ judgment it will not compare with the earlier work by the 

i 
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same author, the splendid “ Orchidaceze of Mexico and 
Guatemala.” Of the eight plates in the two parts under 

review we consider Tab. IV., “ Odontoglossum Rossii 
vubescens,’ the truest to nature, as well as the most 

VOL. XXXIV.—No., 884 

artistic. The least satisfactory is Tab. VI., Calogyne 
cristata maxima,’ in which the hairs on the tip, though 

shown in the dissection, are not even suggested. We 

must here, with all respect and deference to Prof. 

Reichenbach, demur to the varietal name maxzma. The 

flowers of this variety may be a little larger than the 

type, but if it be named saxzma, what are we to call a 

larger variety, should one turn up, as is by no means 
unlikely? These superlatives are more in keeping with 
the aims and objects of trade than with those of scientific 
nomenclature. The nurseryman naturally revels in such 
adjectives as “superbissima,” “ brilliantissima ” (!), “ deli- 
catissima,” “ magnifica,” &c., but science should repudiate 
them. Tab. III. represents a recently introduced Venus’s 
Slipper, from the Malayan Archipelago, called C. San- 
derianui, which has not been seen in flower, we believe, 
outside Mr. Sander’s nursery. We hope the remarkable 
drawing does not do more than justice to it. The plant 

is especially interesting in that it is an almost exact 
Eastern counterpart of the now well-known Cypripedium 
caudatunt from South America, which was first flowered 

by the late Mrs. Lawrence, of Ealing Park, about fifty years 

ago, Tab. I. represents the most beautiful and popular, 

and what is now the commonest and cheapest of the An- 

dean cool orchids, Odontoglossum crispum. We cannot 
admit that there is any scientific distinction maintainable 

between O. crispum, O. Bluntit, and O. Alexandre, such 

differences as there are being purely horticultural. In 

view of the latest achievement of the busy laboratory of 
Messrs. Veitch and Sons, where during recent years 

more species of one genus, Cypripedium, have been 

created than have been gathered for us from nature by 
the whole army of collectors, botanists will have to re- 
consider, it would seem, not only the species of orchids, 

but the genera. Messrs. Veitch have now in flower a 

hybrid between Sophronius grandiflora and Cattleya 
intermedia! At the Conference last year, and again 

at the recent Provincial Show of the Royal Horti- 

cultural Society at Liverpool, the attention of botanists 
and horticulturists was drawn to the confusion into which 
the nomenclature of orchids -had fallen, a confusion 
rapidly becoming worse confounded. We have examples 

of this in Odontoglossum crispum with its many synonyms 
and varieties, and in Cattleya Dowtana, Tab. V., which 

was re-christened C. avrea, simply because it was found in 

anew habitat. A new name should never be accepted, any 
more than a new genus or species, unless it be stamped 
with the approval of a recognised botanical authority. At 

present the latest and rawest recruit among the rapidly 
increasing band of orchid growers thinks nothing of coin- 
ing a new specific or varietal name, which generally 
takes the shape of a supposed Latinisation of his own 

name. 
The cultural directions are generally judicious. It is 

impossible to lay too much stress upon the necessity of 
giving orchids, whether Mexican or East Indian, the 
period of rest they have in nature. Mr. Sander proscribes 

houses with a north aspect for cool orchids. Some of 

the finest Odontoglossa and cool Oncidia we ever saw were 

grown in a house facing due north. We cannot indorse the 
recommendation of cocoa-nut fibre refuse or peat-moss 

manure either on or under stages. They rapidly decay, and 
become covered with fungi, and full of wood-lice and 
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other pests. One of the great difficulties in growing 

orchids and other plants under artificial conditions is 

due to the injury caused by insects. 

knowledge of chemistry and of vegetable physiology 
would find, we believe, a profitable field of inquiry in this 

direction. Amateurs and the trade alike have dealt with 

this difficulty by rule of thumb for generations, and con- 

fined themselves to smoking plants with tobacco in various 
shapes, and treating them with quack insecticides. So 

far as tobacco-smoke is effectual, its effect is probably 
due to the nicotine it contains. There can be no insuper- 

able difficulty in charging the air of a closed house with 
nicotine fumes sufficiently to destroy insects, and in 

thereby getting rid of the pungent and injurious smoke 

produced by burning coarse tobacco and brown paper. 
In conclusion we may express a hope that this work will 

not come to a premature end, like some of its prede- 

cessors, but live to fulfil the promise of the parts here 
noticed. 

ARC AND GLOW LAMPS 

Arc and Glow Lamps. A Practical Hand-Book on 

Electric Lighting. By Julius Maier, Ph.D. (London: 

Whittaker and Co., and G,. Bell and Sons, 1886.) 

WE should have been glad if it had been possible to 

speak more favourably of Dr. Maier’s work than 

can be done after a conscientious reading of it; for Dr. 

Maier has made himself so thoroughly master of our 
language, and has taken such obvious pains to acquaint 

himself with the literature of electric lighting, that we | 
cannot help wondering how so able a man has produced 
such a disappointing treatise. Much of the work appears 
to have been translated from Merling’s and other German 

books on electric lighting. Perhaps it is to this com- 

posite origin that the defects are due which a reviewer is 
bound to point out. 

The first 82 pages are occupied by generalities such as 

the laws of production of heat in the circuit, the efficiency 
of dynamos, electric and photometric measurements. 
Then come 60 pages upon arrangements of leading wires 
and of lamps in installations for electric light, including 

the so-called “secondary generators” or induction coils 
for distributing alternating currents. At p. 140 we at last 
reach arc lamps, the principal types of which are described 
with care. Twelve pages are allotted to the now almost 

obsolete electric “ candle,” and at p. 263 we enter upon 
the glow lamps. These are described all too briefly, 

especially so far as relates to the details of manufacture ; 
but the data as to tests of efficiency and durability of the 
lamps are most satisfactorily summarised. This chapter 
includes an abstract of the tests made by the Philadelphia 
Committee, whose method of testing the lamps and of 
deducing the “ mean spherical intensity” of the illumina- 
tion is perhaps more scientific than that of any of the 
numerous Exhibition committees who have reported on 

electric lamps. The book concludes with special chap_ 
ters on the application of electric light to lighthouses, 

ships, mines, railway trains, photography, and operative 
surgery. y 

There are several contradictory statements in Dr. 
Maier’s book. On p. 27c he tells us that after the inven- 
tions of Greener and Staite in 1846 electric lighting fell 

Any one with a | 

completely into oblivion till 1873, when Lodyguine took 
up the question. Yet on p. 148 we find a description 
of improvements made in 1857 by Lacassagne and Thiers, 
and on p. 362 we find that electric light has been used 
for stage purposes ever since the production of Meyer- — 

beer’s opera of “ Le Prophéte” in 1846. The records of — 
the English Patent Office between 1846 and 1873 show — 

abundant evidence to negative Dr. Maier’s statement. 
In that interval came the invention of the lamps of Serrin, _ 
Chapman, Way, and Browning, and the successive im- 
provements of Holmes, Siemens, the Varleys, Wheatstone, ‘ 

Wilde, and Gramme in the magneto- and dynamo-electric 
generators for lighting purposes. On p. 32 it is stated 
that the drawback of the system of arranging lamps in 
series in one circuit lies in the fact that the individual 
lamps are not independent of one another; yet on p. 94 
and p. 184 it appears that there are means by which any 
lamp is made quite independent of all the other lamps in ; 

the series. z 
We object entirely to Dr. Maier’s classification of arc _ 

lamps into “monophotal” and “polyphotal”; these high- 
sounding names being respectively applied by him to 
lamps that will not work, and those that will work, when 

more than one is placed ia series in the same circuit. 
The distinction is entirely misleading: for the question 

whether one or many lamps can be worked together 
depends quite as much on the dynamo as on the lamps. 
Every one knows that modern dynamos are so designed 
as to work under one of two standard conditions: they 

must either yield a constant current in the line, or else 
must maintain a constant difference of potential between 

the distributing mains. Asa rule arc lamps arranged to 
work in series in a constant-current circuit will not work 

if set in parallel across the mains of a constant-potential 
network, and vice versd. The true classification of lamps 
should therefore be into constant-current lamps which 
will work many in series, and constant-potential lamps— 
which will work many in parallel. Probably the only 

lamp that will not fallin one of these two categories is 
the old regulator of Duboscq and Foucault. Most of the 
lamps classified by Dr. Maier_as monophotal, and which 
according to him can only be worked each with its own 

separate dynamo, will work perfectly well in parallel with 

one another on a constant-potential system of mains. 
One consequence of Dr. Maier’s curious classification is 
that when he comes to the Giilcher lamp, which is an 
excellent lamp for lighting in parallel, he cannot put it 
under either head, and it is relegated to miscellaneous” 

lamps. Of the lamps which he describes as polyphotal, 
the very first is Lontin’s modification of the Serrin lamp ; 
but curiously enough the lamp figured and described in 
the text is zo¢ Lontin’s but is the old unmodified Serrin, 
which, though stated by Dr. Maier to be monophotal, is 
really exactly in the same category as Gulcher’s lamp. 
The lamp of Street and Maquaire is stated to be different 
from all other arc lamps in employing a vibratory prin- 

ciple: the author appears not to know that the lamps of 
Clark-Bowman, Newton, and Pieper also have vibrating 
mechanism. Amongst other erroneous points it is stated 

on p. 321 that Edison was the first to point out the 
advantage of high electromotive force in the glow lamp ; 
on p. 324 that the Lane-Fox pump gives “ infinitely better 
results” than the Sprengel or Geissler pumps; on p. 305 
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that carbon is deposited “electrolytically ” in the flashing 

process of heating in a hydrocarbon vapour; on p. 31 
that it requires “several” dynamos instead of one to 
yield an electromotive force of 2500 volts; on p. 27 that 

Ohm?’s law is true for the whole circuit only, and not for 

its parts ; on p. 91 that a shunt coil was first used in an 
arc lamp by Von Hefner Alteneck ; on p. 14 that “the 
velocity of a body falling through a vacuum” is “9°81 
metres in one second.” The definition of the ohm as 
originally fixed in 1862 by the Committee of the British 

Association was certainly not ‘‘equal to the resistance of 
a column of mercury of 104 centimetres in length and 
I square millimetre section,” as stated on p. 13. There 
is a grossly misleading extract from Merling’s work given 

in pp. 15 to 28 on the distribution of heat in an electric 
circuit. The old battery rule of arranging internal resist- 
ance equal to the external to get maximum current is 

trotted out, without a word of warning that this is an 
arrangement always to be avoided on account of its bad 

economy ; and as if this were not bad enough, an alge- 
braic corollary is added showing that this arrangement 

of maximum current is such as to make the maximum 

rate of output of heat in an external conductor of given 

resistance one-quarter of the output that there would be 
in the circuit if the battery were short-circuited. The 

student will at once draw the erroneous conclusion that 

at least three-quarters of the heat must necessarily always 
be wasted. But to make matters still worse, on p. 24, 
where the grouping of the battery is still under discussion, 

_ it is stated that in “no case can we obtain more heat,” in 
the conductor of given resistance, than the quarter pre- 
viously mentioned. This is entirely untrue ; for if the cells 
be grouped allin parallel so as to reduce the internal resist- 

_ ance to a minimum, then a very high percentage of the 

heat of the current—practically all of it—will be obtained 
in the conductor of high resistance, and the zincs of the 

_ battery will consume more slowly. There are several 
other matters to which exception must be taken: a crude 
assertion that a Gramme dynamo is better than a 

Siemens, which may have been true in 1878 ; crude state- 
ments true perhaps of a particular dynamo or a particular 
lamp, but not true of dynamos or lamps in general ; crude 
advice to makers to arrange their lamps so as to keep the 

resistance of the arc constant ; crude arguments in favour 

of using shunt-wound electro-magnets in arc lamps, all 
reasons being given except the right one. ‘Three times 
Dr. Werner Siemens’s name is erroneously given as 

Wilhelm Siemens. Lastly, electric engineers will be 

surprised to find amongst the practical hints nothing about 
the “striking” of the arc, or about the “hunting” action 
f lamps and its avoidance. It is to be hoped that these 
atters will be remedied when the author comes to re- 
rite his book for a second edition. 

‘ 

DISORDERS OF DIGESTION 

On Disorders of Digestion. By T. Lauder Brunton, 
M.D., F.R.S. (London : Macmillan and Co., 1886.) 

aes bookis a reprint of a series of disconnected papers 
which the author has contributed during the last thir- 

feen years to various periodicals and Societies, and is pre- 
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faced by the Lettsomian Lectures, “On Disorders of Diges- 

tion,” in which the author has collected together into one 

homogeneous whole many of the observations and illus- 
trations which he had introduced into his earlier papers. 

These lectures give a most admirable rész7é of the latest 

advances in our knowledge of the complicated processes 
of digestion and of mal-digestion, and the succeeding 

papers form a most interesting study of the gradual 

development of the author’s views. 

The main idea which runs throughout the whole work, 
and which the author more than any one else in this 

country has developed, is that, in mal-digestion, products 

are formed which in their passage through the liver dis- 
order its functions, and on reaching the general circula- 

tion act more or less as poisons, producing languor, list- 
lessness, heaviness of the limbs, great depression of 
spirits, and headache. 

Brieger especially has worked out both chemically and 
physiologically the products of digestion and decomposi- 

tion of food-stuffs. He has been able more or less suc- 
cessfully to separate several alkaloids which have most 
powerful effects when administered to animals. Several 

resemble very closely in their effects muscarin, the active 
principle which Prof. Schmiedenberg has separated from 

several species of mushrooms. This when administered 

to animals causes vomiting, purging, dyspnoea, and pros- 

tration, and it has been found that atropia is an efficient 

antidote. Many of these alkaloids are detained by the 
liver, and excreted with the bile into the intestine, again 

to be later on re-absorbed by the portal circulation, and 
may thus circulate in the portal system without ever enter- 

ing the general circulation. Lead, copper, and other 

minerals, when administered by the mouth, often circulate 

in this manner, and the same process is offered as an 
explanation of the trivial effects of curara when swallowed, 
while its subcutaneous injection is lethal. 

The author's views are corroborated by recent researches 
which allot a most important part in all digestive processes 

to bacteria and other micro-organisms. Cultivations carried 

on at Leipzig have shown that twenty-five micro-organisms 
are commonly found in the mouth, and that these under 
certain conditions may occasionally develop in various 
parts of the alimentary canal. Some develop large volumes 

of gas, and others lactic, caproic, caprylic, butyric acids, or 
other complex bodies during their growth. It is extremely 
probable, therefore, that the excessive multiplication of 

these micro-organisms generates the products of mal- 
digestion. A healthy condition of the alimentary canal 

and its secretions is inimical to their growth. A slight 
degree of acidity—less even than that normally present 
in gastric juice —is quite sufficient to check their 
growth. 

These experiments open up quite a new field for the 

treatment of dyspepsia : the actions of old well-established 
remedies receive a new explanation, and new drugs will 
be pressed into the service. 

Bitters are said to be beneficial because they check the 
secretion of mucus, which is a suitable nidus for some 

bacteria ; mineral acids, mercury and salicylic acid are 
more strongly recommended than ever because of their 
antiseptic properties ; charcoal, bismuth, and alkalies 

base their claim for support on their stimulation of the 
| gastric secretion. 
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The title of the book is used in a very wide sense, and 

at the end is a series of articles on renal secretion, its 

disorders and treatment. Nowhere does the~ author 

better show his powers of dealing with complicated 
problems—marshalling together his facts, and then in 

the most lucid and pleasant manner, often assisted by 
apt illustration, setting forth his view of the question. 
Great stress is laid upon the distinct blood-supplies of 
the glomeruli, and of the convoluted and straight tubes, 
and upon the distinct regulating mechanisms, while an 

attempt is made to classify diuretics accordingly. 

ALCHEMY 

Die Alchemie in alterer und neuerer Zeit. By Hermann 
Kopp. Pp. 685. (Heidelberg: Carl Winter, 1886.) 

HIS work is in two parts; the first part treats of 

alchemy up to the year 1775, and the second part 

subsequent to this date. 
It is not written purely for the chemist, and indeed the 

student who looks here for the minor details of alchemy 
will be disappointed. These have already received ample 
treatment at the hands of Prof. Kopp in his “ Beitrage 
zur Geschichte der Chemie,” and the object of the present 
work is rather to lay stress upon the philosophy of the 
alchemists, to give some account of the organisations 

from which they received support, and to point out that 
such organisations had wider aims and a more dis- 

tinguished following than is perhaps generally known. 
It will be read with as much pleasure by the student of 

literature and history as by the chemist. The difficulty 
of dividing a work of this nature into chapters is no doubt 

great, but we cannot help thinking that such a division 
would have been conducive to clearness ; there is, how- 

ever, a table of contents, a full and well-arranged index, 
and change of subject is indicated in the text by a break 

in the paragraphing. We have presented to us alchemy 

as a search after scientific truth under the guidance of 
principles which if ill-founded were yet sufficiently real to 
attract philosophers as well as representatives of wealth 
and power ; as a science which survived persecution and 
failure, and whose allurements outlived the discredit 

brought upon it by dupes and swindlers. The relation 

between alchemy and medicine is traced in an interesting 
and careful manner. Although it has been by no means 
the author’s intention to act as biographer, yet we have, 
if we may so speak, medallions of many of the more dis- 

tinguished alchemists, in which the features calculated to 
indicate the growth and progress of principles are brought 
out with great clearness. Of such a type is the sketch of 
Leonhard Thurneysser, whose chequered career is indeed 
a romance of real life. In the second volume we have an 
interesting account of the “ Rosenkreuzerbund,” a secret 
society founded by Christian Rosenkreuz at the beginning 

of the fifteenth century. In this and kindred societies 
the “ brothers” were encouraged to travel, gaining expe- 
rience and knowledge which at their periodical meetings 
were retailed for the common interest and instruction of 
the members. Considerable latitude was allowed to the 
individual, and the following lines, by one who was him- 

self connected with such a society, show that there was 

not always a servile respect for tradition :— 
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DeER WEISE UND DER ALCHYMIST 

Gesund und frdhlich, ohne Geld 
Lebt einst ein Weiser in der Welt. 
Ein Fremder kam zu ihm und sprach: ‘‘ Auf meinen Reisen 
Hort ich von deiner Redlichkeit ; 
Du bist ein Phénix unsrer Zeit. 
Nichts fehlt dir als der Stein der Weisen. 
Ich bin der Trismegist, vor dem sich die Natur 
Stets ohne Schleier zeigt ; ich habe den Merkur, 
Dadurch wir schlechtes Blei in feines Gold verkehren— 
Und diese Kunst will ich dir lehren.” 
‘OQ dreimal grosster Trismegist !— 
Versetzt der Philosoph—du magst nur weiter reisen ! 
Der ist ein Weiser nicht, dem Gold so schiatzbar ist. 
Vergniigt sein ohne Gold, das ist der Stein der Weisen.” 

| 

The constitution of these societies is explained, and we 
are initiated into the mysteries of the various grades of 
rank: the juniors, the theorists, the practitioners, the 

philosophers, the minors, the majors, the adepts, the 
magister, and finally that rarest honour, the magus. 

A considerable space is occupied with the history of 
one who was ever active in the welfare of such organisa- 

tions—-Georg Forster—born near Danzig in 1754. He 
was a remarkable man in every respect, unstable to a 
degree, holding peculiar opinions on religious topics, un-— 

skilled in all which contributes to success in the general 

occupations of life, and yet wielding powerful influence in 
the circle within which he moved. His earlier travels led 
him to England, where he was at the age of thirteen 
engaged in teaching French and German in a school at 
Warrington ; then he passed into the East India Com- 

pany’s service ; whilst at the age of eighteen we find him 
as a companion of Cook in his second voyage round the 
world ; later he returned to the Continent, and became 

Professor of Natural History at Halle. Some thirty 
pages are devoted to a charming sketch of Georg Forster's 
character, and we do not know any other passage which 
affords such enjoyable reading. ‘ 

S. Th. Sémmering was Forster’s bosom friend and— 
companion, a man not unlike him, and who shared all his 
trials and difficulties. In the concluding pages of the 
book it is shown how with the dawn of dynamical and 
quantitative ideas in chemistry at the close of last century, 
alchemy underwent modification, ‘and, ultimately, rapid 
decline. One is tempted to wish that the author had 
given a concluding chapter on the rise and development 
of the principles of chemistry as shown by an examina- 

tion of the doctrines of the alchemists. 
Notes and references have been freely used throughou 

the work, and where remarks of sucha length are require 
as to interfere with the continuity of the text, these are 
arranged in an appendix. These addenda occupy over 

200 pages, and constitute in fact a most valuable contri- 

bution to the history of alchemy. The style and general 
character of the work will appear from the remarks thag 
have been already made, and if there are occasionally 
passages that are somewhat abstruse, yet on the whole 

we have aclearness and picturesque delineation excelling 
in our opinion, anything that has hitherto appeared on 
the subject, and we congratulate the veteran author on 

his success in a new phase of literary effort. Our English 

readers will be glad to know that the book is printed in 
Roman type, and can be had bound in boards. 

G. H. BAILEY 
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OUR BOOK SHELF 

La Terre des Merveilles. Par Jules Leclercq. 
Librairie Hachette et Cie., 1886.) 

IN this volume M. Jules Leclercq describes a visit made 
by him a few years ago to the Yellowstone National Park, 
during which he saw all the sights of this terre des 
mervetlles. The writer is already well known in his own 
country as an accomplished writer of popular books of 
travel, and accordingly he makes the most of the Yellow- 
stone region and its wonders. His sketches of these are 
preceded by a very interesting chapter on the early ex- 
plorations of the territory, from the visits of the first 
adventurous trappers. There are two maps—one a 
detailed map of the “ Park,” the other a general map of 
part of the United States to show the position of the 
Yellowstone region. There is also a considerable number 
of illustrations. The volume is published in Hachette’s 
“Collection des Voyages illustrés,” and is a clever, well- 
written popular account of a district full of natural 
wonders. 

(Paris: 

LETTERS TO THE EDITOR 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

The Cereals of Prehistoric Times 

My friend Mr. Carruthers in the interesting address delivered 
recently to Section D of the British Association, makes a remark 
which I confess surprises me. He says (NATURE, September 9, 
P- 453) :—‘‘ It is remarkable that in our own country, with all 
the appliances of scientific cultivation and scientific farming, we 
have not been able to appreciably surpass the grains which were 
harvested by our rude ancestors of 2000 years ago.” He men- 
tions in support of this conclusion that ‘‘ the wheat from lake- 
dwellings in Switzerland for which I am indebted to Mr. J. T. 
Lee, F.G.S., are fair samples.” 

This is certainly a striking fact. The persistence of specific 
and even of varietal types in a country like Egypt is 
what we might expect, because the very preservation of the 
material evidence is a proof that the physical conditions have 
persisted likewise. But that cultivated plants have remained 
unaltered since the Stone Age seems a conclusion difficult to 
accept in the face of every-day experience as to what can be 
done in modifying them. The data collected by Prof. A. De 
Candolle (‘‘L’Origine des Plantes cultivées,” pp. 284, 285) 
leads me, I think, to the conclusion that Mr. Lee’s specimen 
must be exceptional. Prof. De Candolle mentions three varieties 
of wheat as cultivated in the Stone Age; of these he says :— 
** Aucune n’est identique avec les blés cultivés de nos jours. 
On leur a substitué des formes plus avantageuses.”’ Two of these 
have been obtained from lacustrine dwellings. He remarks that 
the most ancient lacustrine people of Western Switzerland culti- 
vated a wheat with small grains, which Heer has carefully 
described and figured under the name of Zyiticum vulgare 
antiguorum. These people he regards as contemporaries of the 
Trojan war, if not older. The culture of this kind of wheat 
persisted in Switzerland till the Roman conquest. Unger found 
the same form in a brick of the pyramid of Dahschir in Egypt 
of the date B.c. 3359. The other variety (Zyiticum vulgare 
compositum muticum, Heer) was less common in Switzerland in 
the first age of stone, but is the one most frequently found in 
the less ancient lake-dwellings of Western Switzerland and 
Italy. W. T. THISELTON DYER 

Physiological Selection and the Origin of Species 

HAVING written for the Fortnightly Review a full reply 
to Mr. Wallace’s article in that journal, I will not here antici- 
pate what I have there to say. But, seeing that he has 
repeated in these pages the substance of his criticism, I 
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will here also repeat the substance of my reply. On the 
present occasion, therefore, it is enough to remark that I have 
never made the ‘‘ extraordinary statement that, during his whole 
life, Mr. Darwin was mistaken in supposing his theory to be a 
theory of the origin of species.” On the contrary, as I shall 
hereafter show, so far as this matter is concerned, both my 
opinions and my statement of them are in full agreement with 
those presented in Mr. Darwin’s works. 

Without wishing to discuss with Mr. Francis Darwin the 
meaning of the sentence which he quoted from the ‘‘ Origin of 
Species,” I feel it is only due to my own understanding to give 
the following explanation. If any one will turn to the sentence 
in question (p. 247, 6th ed.), he will find that it constitutes an 
integral part of an argument showing that sterility between 
species cannot have been brought about by natural selection. 
The argument is that, even supposing sterility with parent forms 
to be an advantage, it is an advantage which could not be 
seized upon by natural selection, and hence that some other 
explanation of such sterility must be found. Now, so 
far as I can see, there is here not only no shadow of 
the theory of physiological selection, but the whole argu- 
ment is proceeding on totally different lines. For the very 
essence of this theory is that the sterility in question seed 
not be supposed to be an advantage, and therefore that any 
variation in the way of such sterility does not require to be 
selected through the struggle for existence, being of its own 
nature a variation which survives. Inno part of Mr. Darwin’s 
writings can I find even the most distant allusion to the possi- 
bility of this particular variation being thus a variation saz 
generis—itself a cause of specific differentiation, and, as such, 
independent of natural selection. Least of all can I find evi- 
dence of any such allusion in the pasage referred to, seeing that 
the argument here consists in expressly regarding the variation 
of sterility as resembling variations in general, and therefore in 
not regarding it as possibly presenting the highly peculiar quality 
of being survivable Zev se. And, considering how fully Mr. 
Darwin has given his reasons for rejecting many ideas much less 
feasible, I confess it appears to me a most extraordinary and 
unaccountable thing that he should nowhere have so much as men- 
tioned this alternative, had it ever been familiar to his mind. I 
may add that, if any reasonable ground can be shown for sup- 
posing this to have been tbe case, it would cause me to abandon 
the whole research. 

Mr, J. H. A. Jenner’s remark cannot apply to the particular 
kind of variation with which alone my theory is concerned, be- 
cause, if so, it would amount to saying that the more sterile the 
variety is with its parent form the more will this sterility be 
increased by intercrossing with that form, which is absurd. But 
with regard to many other kinds of :demefictal variation the 
remark of course is true. 
Iam greatly obliged to Mr. Evershed for directing my atten- 

tion to Mr. Catchpool’s letter in NATURE (vol. xxxi. p. 4). 
Having obtained a copy of the issue referred to, I find, as he 
says, that ‘‘the theory of physiological selection is very clearly 
put forward.” Moreover, the difficulties against the theory of 
natural selection on account of inutility and sterility are very 
clearly stated. I may take this opportunity of requesting any 
of your readers who may know of any previous publications of 
the theory—no matter how vague or sketchy—to be kind enough 
to furnish references. GEORGE J. ROMANES 

Geanies, Ross-shire, September 18 

Cooke’s ‘‘Chemical Physics” 

IN your issue of September 2 (p. 405) I find under the cover of 
a review of Cooke’s ‘‘ Chemical Physics” that Prof. Armstrong 
has been good enough to quote a passage from my ‘‘ Lessons in 
Elementary Chemistry,” though without naming the source, 
concerning Avogadro’s law, about which he asks the question, 
“*Could anything be more misleading and inaccurate?” My 
friend appears to be no exception to the well-known rule as to 
critics failing to read the books they review, for a note on the 
same page (55) disposes of the ‘‘ inaccuracy,” whilst the ‘‘ mis- 
leading” statement is explained further on (p. 154). On the 
other hand, Dr. Armstrong has not followed the usual practice 
of critics, who, not being authors, escape from the danger of a 
retort courteous from those whom they find fault with ; and hence 
I feel sure he will forgive me in saying that, whilst fully agreeing 
with him in the statement that a knowledge of mathematics is 
advisable for a chemist if he is to understand physics and physical 
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methods, I still am bold enough to ask whether anything can be 
‘¢more misleading and inaccurate’ than the formula for reduc- 
tion for temperature and pressure given in both editions of his 
“Organic Chemistry” under the description of Dumas’s vapour- 
density method. And to add that no excuse can here be found 
of a correction given elsewhere, or of the fact that it may be 
desirable sometimes to state a case broadly to begin with and to 
define it more closely afterwards. HEnryY E. Roscor 

The Tangent-Galvanometer 

ATTENTION has recently been drawn more than once (notably 
by Sir William Thomson, and by Mr. W. H. Preece and Mr. 
Kemp) to the advantages offered, in certain cases of the use of 
the tangent-galvanometer, by placing the instrument so that the 
plane of the coils makes a greater or less angle with the plane 
of the magnetic meridian. It may not be amiss, therefore, to 
point out that, in 1869, M. Bertin showed that the sensitiveness 
of the tangent-galvanometer for strong currents may be increased 
and the usable range of deflection doubled by placing the circle 
in a vertical plane inclined at an angle of 45° to the magnetic 
meridian (Avnales de Chimie et de Physique, 4th series, vol. 
xiv. p. 27). 
When readings are taken with the current traversing the 

galvanometer, first in one direction and then in the other, as 
would always be done if accuracy were important, the expression 
for the strength of current is almost as simple when the coils 
make an angle with the magnetic meridian as when they are 
parallel to it. In the former case the strength of current is 

C = 4k cos a (tan @ + tan @’), 

where a is the (fixed) angle between the plane of the coil and 
the magnetic meridian, and @ and 6 the deflections of the needle 
from the plane of the coil due to the current in the two direc- 
tions. @ is reckoned positive in the direction from the plane of 
the coil towards the plane of the meridian, and 6’ is reckoned in 
the opposite direction. To determine the angle a we have 

tana = 3 (tan @ — tan 6’), 

and it is probably most convenient to determine the numerical 
value of cos a in the first expression from this by tables. If the 
current be adjusted so as to make the second deflection @’ = o, 
we have simply tan a = 4 tan 6, if 6, be the corresponding 
deflection with the current reversed. G, CAREY FOSTER 

University College, London, September 30 

Alligators in the Bahamas 

In Catesby’s ‘‘ Natural History of Florida, Carolina, and the 
Bahama Islands,” published in the latter half of the eighteenth 
century, the author, usually a most accurate observer, states that 
the mangrove-swamps on the Island of Andros presented a 
loathsome appearance owing to the remains of fish having been 
left there, half eaten, by the alligators. During a fairly com- 
plete exploration of Andros, which I made in the early part of 
last year, I observed no traces of these animals, though, as I 
was not then aware of Catesby’s statement, I did not make any 
special search for them. In response, however, to inquiries 
made in the local paper, I lately received from the Rev. W. L. 
de Glanville, Rector of Inagua, Bahamas, a letter from which 
the following is an extract :— 

“Legendary stories of alligators having been floated to this 
island on logs of mahogany are numerous here. I have not 
succeeded in verifying any of them. On July 21, while on a 
visit to our North-West Point Settlement, a man exhibited 
to me the skin of an alligator which he had shot a day or two 
previously. Length all over, from tip to tip, 8 feet ; from line 
at right angles to tip of snout to angle of jaw, 13 inches; 
greatest frontal diameter, about 11 inches. 

“Logs of mahogany have been drifted recently on these 
shores, but no one saw an alligator arrive. That shot was on 
shore, and seen more than once.” 

As the distance from this to Inagua is more than 400 miles, I 
have not been able to make inquiries on the spot. But there 
seems to be no doubt that the alligator must have been 
carried by the current from the south-east on a log of mahogany 
or other wood from San Domingo to Inagua. It seems likely 
that alligators have frequently been drifted to that island, though 
the absence of a suitable environment has prevented their sur- 
viving. The conditions in Andros would suit them better, since | 
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about that island there is a considerable extent of fresh and 
brackish water in lakes, lagoons, and creeks. But it is not easy 
to understand how they could arrive at Andros, unless we sup- 
pose that the Gulf Stream carried them from the north-west 
coast of Cuba and cast them on the west side of the Great Bahama 
Bank, whence small local currents and the wind might bring 
them to the west side of Andros. The distance travelled would 
in this case be about 300 miles, or about twice as great as that 
from San Domingo to Inagua. 

I trust that this note may be useful as affording further proof 
of the fact that oceanic currents take some part in the dispersion 
of even large animals. JoHN GARDINER 

Nassau, Bahamas, September 15 

Meteors—The September Taurids 

On September 22, 1886, roh. 26m., I observed a fine meteor 
about equal to Jupiter, pursuing a path of some 7° in the ex- 
treme east region of Aries. It left a streak and moved some- 
what slowly, being evidently foreshortened near its radiant 
point in Taurus. At 10h. 46m. the same night I noticed 
another meteor from the same direction. 

On September 21, 1879, I counted 92 meteors, including 
several from this radiant in Taurus, and on September 22, 1884, 
two others were seen amongst 29 registered on that date. 

A comparison of the paths shows a well-defined radiant at 
63° + 23° (about 8° N.N.W. of Aldebaran), and I believe the 
shower is rather an important one, though not well visible until 
late in the night. 

I have recognised several radiants from this position in 
Taurus in October and November, and in August Mr. Greg 
derived a shower at 64° + 22° from the observations in 1867-74, 
collected by the Luminous Meteor Committee of the British 
Association. On October 17-19, 1877, I found a radiant at 
63° + 22°; on November 20, 1876, at 62° + 224°; and on 
November 27, 1880, at 63° + 21°. There are also many other 
contemporary showers slightly south-west at about 59° + 20°, 
and it is in November that the display of meteors from Taurus | 
reaches a maximum, 

In September, during the last half of the month, I have deter- 
mined some other showers in the region of Taurus, supplying 
meteors of much the same character. The chief additional 
centres of radiation seem to be at 74° + 14°, 70° + 4, and 
53° + 3°, and there is a fairly active shower also from a point 
further east, at 89° + 19°, in Orion. The first of these, near 
11 Orionis, was splendidly defined from 8 bright meteors on 
September 27, 1886; and on September 22, 1871, Lieut.-Col. 
Tupman saw it at 75° + 15°. 
well seen in September 1877, and confirmed in September 1884, 
but this is essentially a morning shower, as the radiant does not 
reach a fair altitude for the dispersion of its meteors until the 
few hours preceding sunrise. W. F. DENNING 

Bristol, October 3 

Action of Light upon Diastases 

In 1878, in conjunction with Mr. T. P. Blunt (Proc. Roy. Soe, 
No. 191), I showed that the zzve-tive ferment of cane-sugar is 
destroyed by oxidation on prolonged exposure to sunlight. 
Lately I have extended this observation to other ferments of the 
like kind, with similar result. 

Twenty-five cubic centimetres of very active solutions of malt 
diastase, pancreatic diastase, and trypsin respectively were ren- 
dered inert by insolation in 50 cc. flasks for one month (August 
25 to September 25). 

A solution of Aepsiz was likewise destroyed, but in this case 
the ferment had been badly prepared, and was not very potent 
to commence with. 

On the other hand, 25 cubic centimetres of solution of venme?, 
though distinctly enfeebled by insolation, still retained its specific 
properties at the end of the month. This immunity, however, 
was only relative, for a more dilute solution in a shallower stra- 
tum was almost entirely destroyed by one week’s exposure to 
light (August 31 to September 7). 

In all cases the contents of similar flasks kept under like con- 
ditions of temperature, &c., but in the dark, were found to be 
still active at the termination of the experiment. 

In determining the peptonising power of the trypsin and — 
pepsin, Griitzner’s method (carmine-stained fibrin) was very 
useful. I find, however, that it is more convenient and econo- 

The Orionids at 89° + 19° were 



ae Oe 

Oct. 7, 1886] NATURE 547 

mical to keep the prepared fibrin by drying it in a current of 
air than to preserve it under ether, as usually recommended, 

September 27 ARTHUR DOWNES 

Note on Actinometry by Oxalic Acid 

OXALIC acid is entirely oxidised by light (Proc. Ray. Soc. No. 
191, and Chemical News, October 8, 1880), and affords, by reason 
of its own physical properties and those of the products of the 
reaction, an excellent medium for actinometry. A preliminary 
series of experiments on the physical conditions which modify 
this oxidation show that, ¢.f., the effect is greater in direct pro- 
portion to the extent of exposed surface of the solution but in- 
versely as its depth. It is greater also in proportion to the 
strength of the solution ; and it would appear—I speak for the 
present quite provisionally—that in this relation the reaction 
follows a definite law, being as the square root of the mass. 

September 27 ARTHUR DOWNES 

Humming in the Air caused by Insects 

In a letter to the Hon. Daines Barrington (letter Ixxx.) the 
Rey. Gilbert White, the well-known author of the ‘‘ Natural 
History of Selborne,” mentions a strange humming sound in 
the air. He writes :—‘‘ There is a natural occurrence to be met 
with upon the highest parts of our downs in hot summer days 
which always amuses me much without giving me any satisfaction 
with respect to the cause of it : and that is a loud audible humming 
as of bees in the air, though not one insect is to beseen. This sound 
is to be heard distinctly the whole common through from the 
Money Dells to my avenue gate. Any person would suppose 
that a large swarm of bees was in motion, and playing about 
over his head. This noise was heard last week on June 28.” 

It is singular that no explanation has been offered by any one 
for such a common phenomenon. I am convinced that the 
humming sound mentioned by Gilbert White was nothing more 
than the noise occasioned by the vibrations of millions of insects’ 
wings in the air. In hot summer evenings in particular I have 
heard these peculiar humming sounds, and know them to be 
caused by immense hordes of gnats and midges which fill the air 
with their numbers. W. Harcourt BATH 

The Limes, Sutton Coldfield, near Birmingham, October 

Mimicry in Snakes 

A curious fact has been lately brought to my notice by a 
friend of mine, Mr. H. M. Oakley, in connection with the 
Dasypeltis scaber, Linn., or egg-eating snake—the ‘‘ Eijer eter” of 
the Dutch colonists—which, if not already well known, may 
prove of interest to some of your readers. The specimen ab- 
tained by Mr. Oakley was caught at Hout Bay some twenty 
miles from Cape Town, and is about 3 feet in length, and its 
size, markings, and colour bear sufficient resemblance to those 
of the Berg Adder (Clothes atropos, Linn.) to be easily mis- 
taken for that snake. It also has keeled scales, generally 
characteristic, at the Cape, of venomous species. Its head has, 

snakes, but, when aroused and alarmed or irritated, it flattens it 
out until it assumes the usual viperine shape of the ‘‘ club” ina 
playing card. It then coils as for a spring, erects its head 
with every appearance of anger, produces a hissing noise with 
its scales, not unlike the hiss of a puff adder or cobra, and darts 
forward as if to strike its fangs into its foe, and in every way 
exactly simulates the motions of an irritated berg adder. This 
snake has, however, neither fangs nor teeth (which, indeed, 
would not be required for egg-swallowing), and is not poisonous, 
a fact which was placed beyond doubt by Mr. Oakley repeatedly 
placing his finger in the reptile’s mouth. This seems a clear 
instance of mimicry of another species for defensive purposes, 
but I am not aware of another instance among ophidians. 

W. HAMMOND TOOKE 
Cape Town, Cape of Good Hope, September 8 

THE COLONIAL AND INDIAN EXHIBITION 

ONTINUING our review of the most noteworthy or 
_ interesting vegetable products now being exhibited 

at South Kensington, we find in close contiguity to those 
_ from British Guiana, described in NATURE, July T5, p. 242, 
_ the exhibits from 

however, the long lacertine shape distinctive, here, of harmless” 

Mauritius.—The entire collection, though not large, is 
one of some interest, and the vegetable kingdom plays by 
far the most important part in the exhibits. The collec- 
tion of fibres will attract attention as much for its com- 
pleteness as for the care with which they have been 
prepared. Many are of scientific interest only, being 
obtained from plants that could never be turned to com- 
mercial account, such, for instance, as Hyophorbe Ver- 
schafeltiz, Latania commersonit, Lodoicea sechellarum, 
Macrozamia spiralis, &c. This collection is exhibited 
by the Botanical Gardens, as is also a collection of 
woods of similar interest. Some notes on these 
woods are useful. Thus, we are told that Zecoma 
pentaphylla has a soft white wood, not much used, 
and that it is a moderate-sized shade-tree of rapid 
growth. Samples of the wood, however, grown in the 
West Indies, show a close and even grain, and are fairly 
hard—so hard, indeed, as to suggest its suitability for 
wood-engraving, for which purpose it has been tried in 
this country, and though not by any means equal to box- 
wood, was reported upon as likely to be found useful for 
some kinds of work. The soft wood of Ficus mauritiana 
is used in the colony both for firewood and for hollowing 
out for canoes, while the hard wood of the Ebony (Déos- 
pyros Ebenum), which is described as being either black 
or sometimes streaked with yellow and brown, is used for 
inlaying, furniture, and ornamental turnery. The Bois 
Maigre (waza verticillata) is said to produce a short- 
grained timber which decomposes rapidly, but when 
young it makes excellent walking-sticks, which are much 
sought for. TZerminalia Benzoin,a large tree, which has 
become scarce in Mauritius, produces a wood valued for 
many purposes. It would seem that the wood is some- 
times fragrant, for it is said that “some parts of the tree 
were once muchburntin Mauritius as an incense.” Another 
odoriferous wood is Noronhia Broomieana, called here 
Bois Sandal. The Carambole (Averrhoa Carambola), 
valued in India for the sake of its acid fruits, is planted 
in Mauritius for the same purpose, the fruits being eaten 
either raw or made into tarts. 

Probably the exhibits that attract most attention in the 
Mauritius Court are the fine samples of vanilla pods, 
covered as they are with an abundant coating of crystals, 
and shedding forth, even through the glass cases which 
cover them, the delicate fragrance for which vanilla is 
celebrated. 

Seychelles—Amongst these exhibits the Double Cocoa- 
Nut, or Cocoa de Mer (Lodozcea sechellarum) is the most 
prominent. The double form of the fruit, which is its 
normal condition, is well shown, as well as a triple-lobed 
nut, which is not very uncommon. Here also are fine 
samples of vanilla, nearly, if not quite, equal to those from 
Mauritius. Dried papaw juice and some remarkably 
good specimens of essential oils are shown, all of which 
are extremely creditable to the colony. 

Cyprus.—The vegetable products shown in this Court 
are not numerous, nor is there anything of novelty ex- 
cepting perhaps a peculiar black substance described as 
honey, from the Carob or Locust Bean (Cervatonia Siligua). 
The pods themselves are also exhibited, and their pro- 
duction, it. seems, has greatly increased in recent years, 
stimulated by an increasing demand, especially in this 
country, where they are used very largely in making the 
patent compound cattle-foods, in consequence of their 
saccharine and nutritious character. Low freights have 
much encouraged the trade in carobs, enabling shippers 
to sell them at moderate prices. The quantity of carobs 
exported from Cyprus in 1884 amounted to 30,000 
tons, about one-half of which came to England. The 
finest quality is produced in Limassol and Lefcara, and 
obtain relatively higher prices than those of Kyrenia. 
The average price realised for these pods is about 3/. per 
ton. 

Another product of great importance to Cyprus up to 
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the year 1873 was madder from Radia tnctorum, an 
article of considerable profit to landowners. It was 
largely used in dyeing Turkey-red yarns. The discovery 
of coal-tar dyes seriously interfered with the demand for 
madder, so that its growth has much decreased. In con- 
sequence, however, of the mineral dyes being much in- 
ferior in fastness, madder is being again sought after, and 
should the demand continue, there is a prospect that 
madder will again assume its former importance. Among 
other interesting exhibits, the rude native cart of the form 
in use for over 2009 years, and still in use, attracts 
much attention, as does the threshing-board, the same as 
was in use in patriarchal times. It is studded with flints 
on the under-side, and is drawn by bullocks or horses over 
the grain, by which means the seed is separated from the 
ears and the straw reduced to small particles.. This is 
said to be the only system employed for threshing in 
Cyprus. 
A few well-known woods, such as Olive (Olea europea), 

Cedar of Lebanon (Cedrus Libanz), Bay Laurel (Laurus 
nobilis), Chian Turpentine, (Pistacta Terebinthus) are 
exhibited, as well as the concrete resin of the. latter, or 
crude Chian turpentine, under the name of Trimithia 
gum, in curious small greenish-coloured pots. 

Malta.—The Maltese exhibits will be best remembered 
by the fine show of lace and silver filigree wors. A good 
show is also made of preserved fruits, and tobacco of 
very fine quality and varied forms is exhibited; besides 
these there are very few other vegetable products. 

JOHN R. JACKSON 

GREEK GEOMETRY 

E have before us parts 6, 7(?), of Dr. Allman’s 
“Greek Geometry from Thales to Euclid,’? in 

which we are brought almost into touch with Euclid. 
There is then but little wanting to complete the task 
commenced by the author in 1877, in the performing of 
which so much light has been thrown upon the contribu- 
tions of the early Greek mathematicians to geometrical 
science. 

of Archytas and Eudoxus ; the present parts commence 
with a discussion of the claims of Menzchmus, “ pupil of 
Eudoxus, associate of Plato, and the discoverer of the 
conic sections.” In the forefront are placed translations 
of eleven fragments which contain what is known of 
Menezchmus. The various points which arise are most 
carefully reasoned out, with considerable detail, but we 
cannot attempt here to compress what is already con- 
cisely given. Thenotesare very valuable, and show over 
what a wide field of reading Dr. Allman’s researches 
have taken him. We note only the prominence given to 
M. Tannery’s papers, as we have frequently had occasion 
in these pages to draw attention to this mathematician’s 
valuable memoirs on Greek geometry. The last part 
(which we have numbered 7) opens with an account of 
Dinostratus, brother of Menzechmus, whose name occurs 
in connection with the quadratrix. Dr. Allman states 
the case of Dinostratus versus Hippias: “The result of 
the whole discussion seems to be that the quadratrix was 
invented, probably by Hippias of Elis, with the object of 
trisecting an angle, and was originally employed for that 
purpose; that subsequently Dinostratus used the curve 
for the quadrature of the circle, and that its name was 
thence derived.” Sporus (or Porus) comes in for a men- 
tion, and then we come to Aristzeus, who wrote on the 
conic sections, and is the author of the theorem, “ The 
same circle circumscribes the pentagon of the dodeca- 
hedron and the triangle of the icosahedron, these solids 

* The following references to the several parts may be of service :— 
Hermathena, part 1, vol. iii. No. 5, pp. 160-75; part 2, same number, 
PP- 175-207 ; part 3, vol. iv. No. 7, pp. 180-228; part 4, vol. v. No. 10, 
pp. 186-212; part 5, same number, pp. 212-235; part 6, vol. v. No. 11, 
pp- 403-32; part 7(?), vol. vi. No. 12, pp. 105-30. 
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being inscribed in the same sphere.” This occurs in his 
“Comparison of the Regular Solids.” Bretschneider 
thinks the thirteenth Book of Euclid’s Elements is “a 
recapitulation, at least partial, of this work of Aristzeus” 
(cf. also Dr. C. Taylor’s “ Conics,” p. xxxiii.). 

Of Aristzus, in closing, our author writes : he “ may, 
therefore, be regarded as having continued and summed 
up the work, which, arising from the speculations of 
Philolaus, was carried on by his successors—Archytas, 
Eudoxus, and Menzchmus. These men were related to 
one another in succession as master and pupil, and it 
seemed to me important that the continuity of their work 
should not be broken in its presentation.” 
We hope another year will suffice to bring this sketch 

of Greek geometry to a close, and that then the author 
will collect these parts, whose appearances have been 
extended over nearly ten long years, in one volume, with 
such additional notes as his subsequent reading will 
enable him to append. 
We can only commend these two parts, as we have the 

previous ones, to the careful study of all who are inter- 
ested in these researches: they have taken a high place 
in the estimation of foreign mathematicians, even in cases 
where the author’s conclusions have not been unhesitat- 
ingly accepted. 

THE HYGIENE OF THE VOCAL ORGANS * 

HE cultivation of the voice and the means of main- 
taining it in a state of excellence under the varying 

strain of daily life, are subjects of interest to us all, but 
become of paramount importance to those who are pro- 
fessionally brought before the public as speakers or 
singers. Although the laryngoscope is invaluable in the 
recognition and treatment of disease, it is surprising how 
little it has up to the present time added to our knowledge 
of the physiology of the larynx. 

The difficulties of examining the larynx during singing 
are so great that a large number of singers have to be 
examined to obtain a complete view of the whole pracess 
by even the most expert laryngoscopist. The results of 
the examination of some three or four hundred persons 
with fine voices, including most of the best singers of the 
day, form not the least interesting portion of the book. ; 

There is no question that the voice, whether the note 
be high or low, whether a chest or head note, whether 
bass or falsetto, is produced by vibration of the free edges 
of the vocal cords, which are two movable ligamentous ~ 
bands about half an inch long stretched from back to 
front of the larynx. In other words, the only place where © 
all notes, whatever their character may be, can be pro- — 
duced, is in the larynx. : 

These bands are attached anteriorly in contact with — 
one another, but their posterior fourth is attached to the © 
small pyramidal-shaped arytenoid cartilages, which can — 
move laterally. The glottis, the space between them, is 
thus divided into a ligamentous and a cartilaginous por- 
tion. There is the greatest difference of opinion among 
authorities as to the position of the cords and arytenoid 
cartilages, and as to how much of the cord vibrates in the — 
production of the various sounds. : 

Dr. Mackenzie divides the range of the voice into two 
registers, viz. one (chest) in which the pitch is raised, by 
means of increasing tension and a (consequent trivial) H 
lengthening of the cords, as the voice sings upwards ; 
the other (head), by which a similar result is brought — 
about by gradual shortening of the vibrating reed, which 
is still tense, though less so than in the chest register. 
These fundamental divisions are the so-called chest and 
head modes of production, and the falsetto corresponds 
to the head register of the female voice, of which it is an 
imitation. 

wore 

ay 

yao 

1 ‘* The Hygiene of the Vocal Organs.” By Morell Mackenzie, M.D. 
(London : Macmillan & Co., 1886.) 
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Speaking generally, it may be said that the cartilagin- 
ous glottis is generally open in the lower and gently 
closed in the upper notes of the chest, and that a seg- 
ment of the ligamentous glottis is ¢7g#¢/y closed in the 
head voice. The two registers may be called the long- 
reed and the short-reed, according to the length of the 
cord vibrating. It has also been noticed that the blast of 
air is much feebler with the head than with the chest 
voice. 

The new and important observation which Dr. Mac- 
kenzie has made and amply verified is, that in the head 
note of women and in falsetto singing only the anterior 
third of the vocal cords, as shown in Figs. 3 and 4, 
vibrate, and that the remainder of the cords are in firm 
contact with one another. Only twice has he observed a 
vibration limited to the middle third of the cords, which 
has often been described as the usual one. Some obser- 
vers have asserted that in falsetto only the extreme 
edge of the cords vibrates ; but, as 12 inches is the nearest 
distance at which a good image can be obtained by the 

Fic. 2.—The position of the vocal 
cords for the hizher range of 
chest notes 

Fic. 1.—The position of the vocal 
cords for the lower range of 
chest notes. 

Fic. 4.—The position of the vocal 
cords for falsetto notes. 

Fic. 5.—A very exceptional posi- 
tion of the vocal cords for 
head notes. 

laryngoscope, only the mean position of the cords can be 
observed, and it is impossible to detect any vibration 
when a high note is being sung; and hence the author 
rejects the statements of those who profess to have ob- 
served vibrations limited to the edge. 

The long-reed or chest voice is generally used by 
sopranos, Figs. 1 and 2 showing the position of the 
cords in the case of Mesdames Nilsson, Albani, and 
Valleria; on the other hand, the high notes of mezzo- 
sopranos and contraltos are short-reed, e.g. Madame 
Patey, as shown in Fig. 3. Tenors use both reeds, 
while the long only is used by the basses, and com- 
monly by the barytones. 

Alto singers among men use the short-reed, whilst boys 
always use the long. 

In falsetto the false vocal cords, which are movable 
bands of tissue superior to the true vocal cords, also 
approximate considerably. 
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The quality of a voice depends upon the accuracy with 
which the vocal cords are moved, on their tension, on 
the regulation of the respiration, on the position of the 
soft palate and fauces, and on the movements of the 
tongue and lips. 

These points are all touched upon, but the details of 
the methods by which they are to be trained do not fall 
within the scope of this book, but belong to the domain 
of the singing-master. 
A certain amount of vocal discipline is recommended 

for children as early as the age of five or six, or even 
younger, but it should be limited to simple airs of 
limited compass, such as those by Louisa Gray, pub- 
lished by Messrs. Wood and Co. ‘They are warranted to 
contain “no love and no high notes,” and may therefore 
be trusted not to inflame either the infant’s tender heart 
or its delicate larynx. 

Observations on 500 choristers have disproved the 
idea that “cracking” or “breaking” of the voice is an 
essential stage, for in only 17 per cent. did the voice be- 
come cracked in changing to the adult condition ; and in 
these cases the cords were congested, and the state was 
due to over-exertion or to cold. 

The hygiene recommended for vocalists may be 
summed up in the adoption of such a mode of life as is 
most beneficial to the general health ; prompt treatment 
of any cold or hoarseness; and, if their faith is pinned 
on the virtues of raw eggs, champagne, or any of the 
thousand and one things recommended for the voice, 
they may be permitted, if they are not absolutely 
injurious. 

The latter part of the book is occupied with the train- 
ing of the speaking voice, an account of its various 
defects, and the methods of diminishing them. 

Stammering, which depends on a defective control 
over the respiration and over the tension of the vocal 
cords, may be much improved by training; while 
stuttering, which depends on a spasm of the tongue and 
on imperfect control over the lips, is rarely benefited, 
except in the slighter cases. Strychnine is occasionally 
of use, while tobacco intensifies the difficulty. 

Valuable hints for training the voice are given, and 
great stress is laid on the importance of a most accurate 
acquirement of the vowel sounds, when the consonantal 
follow readily. 

A NEW CASE OF PARTHENOGENESIS IN 
THE VEGETABLE KINGDOM 

pleis years ago I discovered in the Quebrada (i.e. 
ravine) of Guarenas, about nine miles to the east of 

Caracas, and approximately at 650 metres above the level 
of the sea, one of those charming groups of tropical vege- 
tation, which are equally interesting to the botanist and 
to the lover of the picturesque beauties of nature. A 
magnificent specimen of Pogonopus Ottonts was all 
aglow with its large rosy sepals; up to its highest 
branches a luxuriant V7/?s carzbea had ascended in 
graceful festoons, Jaden with blackish grapes, and dis- 
playing now and then in the gentle breeze the silvery 
glimmer from the under side of its palmate leaves; 
whilst in the damp shade underneath throve a colony of 
Gloxinia pallidifiora, a plant which from its bruised 
leaves gives out a smell identical with that of the spear- 
mint. 
My attention, however, was especially attracted to a 

tall suffrutescent climber with dark-green ivy-like foliage, 
and large drooping clusters of bright-red fruits, which | 
was sure I had never met with before. The general 
Jactes was certainly that of amenispermaceous plant ; but 
the structure of the fruit proved to be utterly discrepant 
from anything I knew of this family. Flowers I found 
none, and a prolonged search in the neighbourhood for 
another specimen was to no effect. I gathered a quantity 
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of fruits, some of which were sown in the little garden 
belonging to the house I inhabited at the time in Caracas. 
Others I sent to several leading botanists in Europe, 
requesting them to give me their opinion about the plant ; 
the result, however, was negative, the fruit being to all of 
them a puzzle, just as it had been to myself. 

Meanwhile some of the seeds had germinated; I 
planted out three seedlings, which grew very vigorously, 
and in time produced an abundance of flowers, a// female 
ones. Their structure gave additional weight to the sup- 
position that the plant belonged to the Menispermacez, 
and believing it to be a new genus, I was anxious to dis- 
cover the male plant. In this pursuit the botanical 
interest went hand in hand with that of the horticulturist ; 
for although the plant is highly ornamental on account of 
its foliage, its principal merit as a decoration in a tropical 
garden consists in the striking contrast between the dark- 
green leaves and the large number of scarlet fruits, which 
bear the greatest resemblance to the half-ripe berries of 
the coffee-tree. 

For a long time all my efforts were unsuccessful. I 
had moreover occasion to convince myself that the plant 
was extremely rare in our flora, as only in two places of 
the above-mentioned ravine a few specimens hitherto 
have been found by myself and my collectors. 

In 1881 at last one of my men brought me a plant 
which he pronounced to be a male one. The plant was 
set between two female ones, and aftera couple of months 
I had the great satisfaction of beholding for the first time 
the male flowers that for several years had been the 
object of many a fatiguing search in the dense thickets 
of the little river of Guarenas. Both female plants pro- 
duced now a large crop of fruits, though I was unable to 
make out by what agency the transport of pollen was 
effected. Of animals I noticed on the plants only a small 

. 7 . . - | 
species of a green 7ettégonia (rather plentiful), some 
common mosquitoes, and a few caterpillars of Ophideres 
cacica.* It is not impossible that the mosquitoes were of 
some significance for the purpose of fecundation. I thought 
once the flowers might be of the anemophilous type ; but 
this is certainly a mistake, as they are so much hidden 
amongst the foliage that the wind can hardly reach 
them. 

I sent male and female flowers, as well as fruits, to 
Kew, and following the advice of Sir J. D. Hooker, 
likewise to Prof. Eichler, of Berlin, who recognised the 
plant as belonging to his genus Désciphania, and de- 
scribed it afterwards under the name of Dy¢sciphania 
Ernstit in Fahrbuch des Kon. Botan. Gart. zu Berlin, vol. 
ii., 1883, pp. 324-29, giving at the same time the analytical 
details of the flowers and fruit on Plate XII. of the volume 
referred to. As this work may not be easily accessible to 
all who take an interest in the facts I have to present 
hereafter, I deem it convenient to insert a summary de- 
scription of the species, giving, however, a fuller develop- 
ment to certain structural particulars which, in my 
opinion, possibly may have some bearing upon the chief 
point of my communication. 

Like many other Menispermacee, Déscéphanta bears 
root-tubers, which are, in good-sized plants, as large as a 
man’s fist, and weigh 1 lb. and even more. They contain 
a considerable quantity of ovoid starch grains, the largest 
measuring 0’04 by 0026 millim. The stem exhibits the 
compound structure usually found in climbing plants ; it 
soon becomes woody in its lower part, whilst at the same 
time the periderm increases greatly in thickness, and 
forms a very irregular spongy bark. The younger parts 
of the stem, as well as the branches, generally wind 
around any support they may encounter; but sometimes | 

* It is a singular coincidence that in one of these places another very 
curious Menispermacea was found, viz. a female plant of Odontocarya 
hederefolia, Miers. 

? The caterpillar and pupa of this beautiful moth were on this occasion 
described for the first time. See a note, “‘ Jugendstadien von Ophideres 
cacica,” in Karsch, /1:tomologische Nachrichten, 1885, pp. 6, 7. 

| the principal object of the present paper. 

they climb by means of the petioles, the basal part of 
which is rather abruptly thickened and variously curved, 
so that it serves as a hook, more or less, as in some 
species of Clematis. There are other branches which do 
not climb at all, but either hang down without showing 
any sign of torsion, or run in a straight line on the soil. 
The cortical system is very much developed, and the 
central parenchyma abounds in laticiferous cells, each 
one containing a great many nuclei and a viscid latex. 

The leaves are most singularly polymorphous on the 
same plant, as will be seen from Figs. 12 to 16, which are 
copied, as likewise all the others, from Prof. Eichler’s 
plate. The palmatisect leaf (Fig. 16) exhibits the basal 
thickening and inflection of the petiole, which I men- 
tioned before. 

The flowers are strictly dicecious, and in both sexes ar- 
ranged in axillary, centripetal, and drooping spikes, mea- 
suring from 8 to 25 centimetres in length. The rachis of 
the female spikes is very thin at the basal end, where it is 
scarcely 1 millimetre thick; but it increases gradually in 
thickness, and in many cases it measures at the opposite 
end 3 millimetres by 2, so that the extreme transverse 
sections are in the ratio of 1 to 6 approximately. Its 
tissue is gorged with latex, especially in the thicker part, 
which has an appearance as if it were due to a kind of 
normal hypertrophy. Not having actually any fresh 
male inflorescences, I am unable to say whether their 
rachis presents the same structure; amongst my old 
notes I cannot find anything referring to it. 

The flowers are so crowded that they touch each other, 
and hide the rachis and their little bracts completely. 
This is especially the case towards the apex of the spikes, — 
where not unfrequently two or three empty bracts are 
found, undoubtedly indications of as many suppressed or 
aborted flowers. Figs. I to 3 represent the male flower ; 
Figs. 4 to 7 the female one. Both have six large sepals — 
and six very small petals; in the former there are three 
stamens, in the latter three pistils, but in none the 
slightest rudiment of the organs of the other sex is to be 
seen. I have carefully examined hundreds of female 
flowers, and can most positively assert that this rule” 
holds good in every case, nor are there on the female 
plants any rudimentary male flowers, auxiliary stamens, 
or any other contrivances that could be considered as 
pollen-producing organs. , 

Fig. 8 represents an almost full-grown fruit in its 
natural size ; Fig. 9 is the seed, viewed from the flat side, 
magnified 25 times ; Fig. 10 is its longitudinal section, 
with the straight embryo zz sz¢w; and Fig. 1t isa trans- 
verse section of the same. The very peculiar wings of 
the seed develop gradually, as indicated by the letters a, 
4, and ¢, in the last-mentioned figure. 

I have thought it necessary to give a rather lengthy 
exposition of introductory matter, before entering upon 

The question 
of parthenogenesis in the vegetable kingdom is still 
strenuously objected to by many botanists, although it — 
is a thoroughly well-established fact in the domain of 
zoological science, so that there is @ f7zor7 really no reason 
for denying its existence in plants. It is, however, of the 
greatest importance to give in any particular case a most 
substantial and complete record of the leading facts, as 
well as of the concurrent circumstances, so as to enable 
the reader to get a full view of the matter, and form his 
own judgment accordingly, I hope to do the second, 
as far as it is pertinent, and shall now proceed to relate 
my observations on, and experiments with, Dzsciphania 
Ernstit, from which I have come to the conclusion that 
in this species we have really @ new case of partheno- 
genesis tn the vegetable kingdom. 

Long before I got the male plant of Désciphania, I 
had noticed that on my female plants appeared now and 
then a few fruits. Very naturally the idea crossed my 
mind that I might have before me a case of accidental 

: 



; 3 ee a eee 

Oct. 7, 1886 | NATURE 551 

parthenogenesis ; 1 was, however, too much interested in | In December 1881 I removed to another house, but 
obtaining, first, the missing sex, in order to make sure before doing so I totally destroyed all my specimens 
what species of plant was the subject of my researches. | of D/sciphania, as I wished to begin my further investi- 

Fic. 13. Fic. 15. 

Disciphania Ernstii, Eich). (After Eichler.) 

placed against the wall of an inner court-yard, and 
there the plants were left to over-run the whole wall, 
which is 4°5 metres by 4. As soon as the flowers 

gations on two young plants which had not yet flowered. 
These I procured early in 1882, and, most fortunately, 
both proved to be females. I had some lattice-work 



204 

appeared I proceeded to examine them as carefully as pos- 
sible, in order to see whether there were any male organs 
concealed either within or in their neighbourhood, but I 
searched in vain. In March 1883 the plants had covered 
the whole space allotted to them, and were then cut down. 
Branch after branch was once more submitted to the 
closest inspection, and the existing fruits, numbering 20, 
were collected. Of these 20 fruits I examined 5, and 
found that 3 had perfect embryos ; 10 were sown in pots, 
but only 3 germinated ; the remainder of the crop I still 
have in my carpological collection. 

The plants soon began to sprout anew, and were again 
carefully searched whenever time and weather would 
‘llow it. They were cut off in December 1884, giving a 
crop of 54 fruits, which were disposed of in the following 
manner:—Examined, 10, 7 having perfect embryos; 
sown, 20; germinated, 9; kept in salt solution, 24. 

The third period lasted till February 1886. Both plants 
were very vigorous, and had produced a large number of 
flowers, so that I collected no fewer than 137 fruits, of 
which Io were examined (5 were good), 20 were sown, 
(8 germinated, the young plant being now about 6 inches 
high) ; the remainder will be sent to different botanical 
gardens within the tropics, in order that my experiments 
and observations may be repeated under the most favour- 
able circumstances possible. 

Since February the plants have grown a good deal; 
one is flowering and has already four fruits. 

From the very outset of my observations I had noticed 
that these fruits appeared only on the thickened end of 
the flowering rachis, which is always the lowest part of the 
pendent inflorescence, as I have described in the first 
section of this paper. I cannot help thinking that this 
circumstance has something to do with the production of 
these fruits in general. 

I must observe that the numbers 20, 54, and 137 of the 
fruits collected are not the total numbers of fruits pro- 
duced by the plants in each period ; for the earlier fruits 
fell off and got lost long before I gathered the crop. 
Whatever may have been this loss, it is certain that there 
was a constant and very notable increase of fruits. I am 
sorry I omitted counting all the flowering spikes at the 
time when the plant were cut down, so as to be able to 
compare their number with that of those bearing fruits, 
and to find out, at least approximately, whether both 
groups of numbers were reciprocally proportionate, or 
not so. 

Be this as it may, ¢here zs no denying the fact that many 
Jemale plants produced in three successive years an 
increasing number of fertile frutts without the operation 
of any fertilising pollen from a male flower. 

The reader will remember that the nearest group of 
Disciphania is at a distance of about nine miles from 
Caracas. I am quite positive about this point, being 
well acquainted with the vegetation in the environs of the 
city. Now it is incredible that under such circumstances 
and in this species, which has neither showy flowers nor 
any perceptible smell, the pollination could have been 
effected by insects. It is furthermore certain that my 
plants of Disciphania are the only ones in Caracas, and 
that for this reason there is no specimen nearer to them 
than the few spontaneous ones which may grow in the 
ravine of Guarenas.!. And even if there had been any 
pollination from outside, how is it that plants, which are 
known to be extremely prolific under normal circum- 
stances, should produce such very scanty crops, although 
grown under the most favourable conditions ? 

For these different reasons I hold that the possibility 
of pollination from a male plant is entirely out of the 
question, and may fairly be discarded 

But it is likewise impossible that pollination could have 
taken place with material produced by the plants them- 

t It is interesting that the second species of Disciphania (D. lobata, 
Eichl.) appears likewise to be an exceedingly rare plant, as may be inferred 
from an observation of of Prof. Eichler’s, in the article mentioned before. 
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selves, as no rudimentary male flowers, nor auxiliary 
stamens, have been discovered on them during the most 
scrutinising search in three successive years; nor was 
there ever found one single grain of pollen on the hun- 
dreds of stigmas that were inspected in the course of this - 
investigation. I well remembered Karsten’s criticism of 
Alexander Braun’s paper on parthenogenesis in Ca/edo- 
gyne, and was, accordingly, very scrupulous to establish 
beyond all question the absence of any pollen-producing 
organs. Iam fully convinced that I should have found 
them, if any had really existed. : 

In another respect I was unable to arrive at a positive 
result. I could not make sure whether the embryo is 
developed as an outgrowth from a cell of the nucellus, 
as Strasburger has found in Ca/ebogyne, or whether it is 
the development of an unfertilised oosphere. As, how- 
ever, the former case appears to be always connected 
with polyembryony, which does not occur in the seeds of © 
Disciphania, it seems to me more probable that in this 
plant we have an instance of the second case, or of true 
parthenogenesis, certainly not as the rule and normal 
modus of reproduction, but as an exception, and a very 
rare one, a kind of makeshift of nature, as it were, when 
the co-operation of the fertilising material cannot be 
realised. 

In Prof. Weismann’s essay, “ The Continuity of the 
Germ-Plasma,” there is a chapter on the nature of par- 
thenogenesis, which abounds in suggestions which, in my 
opinion, throw much light on the case under considera- 
tion. I quote the following sentence from Prof. Moseley’s 
abstract in NATURE, vol. xxxiii. p. 157 :—“‘If a special 
supply of nourishment reaches the germ-plasma, this in- 
creases in amount by growth, and thus. obtains the mass © 
requisite to start the ontogenetic process, with the 
result that parthenogenetical development takes place.” 
Strasburger had already pointed out that an analogous 
result may be arrived at by specially favourable condi- 
tions in the supply of food, which counteracts the insuffi- 
ciency of the germ-plasma. May we not suppose that — 
something similar happens in Désczfhania? Besides the — 
herbaceous branches, the club-shaped rachis of the spicate — 
inflorescences abound in proteids, and consequently there — 
must be a specially abundant supply of food, which may ~ 
have some particular influence on the growth of the ovary — 
and its contents. And it is on those places we find pre- 
cisely the fruits for which I claim a parthenogenetic origin. — 

Caracas, June 7 A. ERNST 

P.S.—Since the foregoing article was sent to England, 
I have made the following observation, which, I think, 
gives additional strength to my view as to the probable — 
cause of parthenogenesis in the case under consideration. — 
On one of my plants I had noticed two rather short in- 
florescences (4 and 5 centimetres long), with but 3 and 4 i 
flowers respectively, dut having a very much thickened, 
almost club-shaped, rachis, which measured at the apex 
nearly 3 millimetres each way. The idea struck me that 
on these spikes very likely some fruits would appear, and I iq 
marked them out for the sake of further inspection. Zy _ 
anticipations have been fully realised, as on each of the 
two there is now one ovary increasing in size, measuring — 
already 3 millimetres by 2, so that there is every reason 
to expect their final development. ) 

At the same time I may mention that on the second © 
plant, which has just begun to flower, I have found on ~ 
one spike a ¢e¢ramerous, and on another a fentamerous, 
female flower ; both spikes were very small, and had only 
two flowers. A. ERNST @ 

Caracas, June 23 

OUR ENGLISH TEMPERATURES 

PERIOD of warm weather, lasting for three weeks, 
set in over the whole of the United Kingdom about 

August 24, and continued until September 14, over nearly 
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the whole country. Throughout this period there was no 
part of England in which the temperature was not above 
the average in each week, as shown by the returns issued 
by the Meteorological Office. 

The persistent low temperature which preceded this 
warm weather, and which had so long continued, was de- 
scribed in NATURE for August 12 (p.341). This cool wea- 
ther continued till August 23, when, fortunately, the con- 
ditions entirely changed, and a warm spell of exceptional 
length for either summer or early autumn set in. It is 
necessary to go back to February 1885, eighteen months 
ago, before we find so long a period with the temperature 
above the average, and since that time there have not even 
been two weeks in succession which were warm generally 
over the whole country. 

In recent years there has been but very little really settled 
warm weather during the three months July to September. 
Last year there was only one week, ending July 27, which 
could in any way be termed warm generally over the 
country during the whole period of three months. In 1884 
finer weather was experienced, and there were four con- 
secutive weeks, ending August 25, with the temperature 
above the average over Great Britain ; there was also a 
period of three consecutive weeks, ending September 29, 
with warm weather, and two consecutive weeks ending 
July 14. In 1883 there was only one week, ending 
September 24, in which the temperature was above the 
average over the whole of the British Islands, but there 
were other weeks during the three months in which the tem- 
perature was high in several districts ; there was, however, 
no continuous warm weather. In 1882 the week ending 
August 14 was the only instance with the temperature 
generally above the average, and in this period a de- 
ficiency was shown in the East of England. In 1881 
there was not a single wee in the three months with the 
temperature generally above the average. In 1880 there 
were five consecutive weeks, ending September 13, with 
the temperature above the normal value, and warm 
weather was also enjoyed in the week ending September 
27. In 1879 temperature was continuously low through- 
out the period, and the deficiency generally amounted to 
several degrees ; there was not a single district over the 
whole of the United Kingdom with the temperature above 
the mean for a single week. 

From this it is seen that during the last eight years 
there were but two years, 1880 and 1884, which can in 
any way compare with this year for warm weather during 
the three months referred to, and in the remaining five 
years there was not a longer period than a single week 
with continuous warm weather. 

The varying conditions with which warm weather 
occurs in England is exceedingly puzzling. This year it 
has accompanied weather of a cyclonic type, and has 
changed to cooler weather with the anticyclonic condi- 
tions which set in about September 14. To attempt an 
explanation of these conditions from observations for our 
own limited area, or even from the observations over 
Europe, would be but labour lost. For such an inquiry 
it is necessary to wait the issue of the synoptic charts for 
the northern hemisphere which are compiled by the 
United States Signal Service from the international 
synchronous meteorological observations. Doubtless a 
careful study of these will throw some light on the 
cause of the prolonged irregularities in the distribution 
of temperature. CHAS. HARDING 

NOTES 

THE American Association at the Buffalo meeting unani- 
mously passed a resolution expressing its gratification at hearing 
of Dr. Gould’s proposed revival of the Astronomical Fournal, 

and its good wishes for its success. 

Mr. G. T. Prior, B.A. of Magdalen College, Oxford, has 

been appointed an Assistant in the Department of Mineralogy 
in the British Museum, to fill the vacancy caused by the death 
of Dr. Flight. The two vacancies in the staff of the Zoological 

Department occasioned by the resignation of Mr. E. J. Miers on 
account of ill-health, and Mr. J. J. Quelch, appointed to the 

curatorship of the Demerara Museum, have been filled by the 
nomination after competitive examination of Mr. C. J. Gahan 
and Mr. Randolph Kirkpatrick. Mr. C. G. Crick has lately 

been appointed an additional assistant in the Department of 
Zoology. 

WE regret to learn of the death of Dr. Clement Mansfield 

Ingleby, at the age of sixty-three years. The death is also 

announced of Admiral Bedford Pim. 

WE regret to note the death of Prof. H. A. Bayne, Ph.D., 

of ‘the Royal Military College, Kingston, Ontario, Canada. 
Dr. Bayne was a native of Nova Scotia. He graduated in Arts at 

Dalhousie College, Halifax, N.S., and afterwards spent five years 
in the special study of chemistry under Wiedemann at Leipzig, 

Bunsen at Heidelberg, and Dumas at Paris, taking his Doctor’s 
degree at Heidelberg. Returning to his native land he first 

engaged in organising the Scientific Department of the Halifax 

High School, acting at the same time as Lecturer on Chemical 

Analysis at Dalhousie College. In 1879 he was appointed Pro- 

fessor of Chemistry at the Kingston Military College, which had 
just been founded. His work at Kingston was very onerous, 

and during the first few years of his professoriate he found little 

time for original research. At the last meeting of the Royal 

Society of Canada, of which he was a Fellow, he read a paper 

of practical value on chemical tests of the purity of silk. He 
had begun in Germany a series of experiments on the properties 

of certain of the rarer metals, in which he had been interested 

by Bunsen ; and he hoped to continue them when leisure came. 
But he has been cut down at the very threshold of his work. 

Tue annual Exhibition of the Photographic Society was 

opened to the public on Monday. 

News of earthquakes and volcanic eruptions continues to 
arrive from all quarters. The North American earthquakes 
have not ceased. Three slight shocks were felt in Summerville 
on September 28, and at night several more occurred, From 
various parts of Central Germany, principally Thuringia, news 

arrives showing that in the night of the 27th, or morning of the 
28th ult., there was a series of more or less violent shocks of 

earthquake. At Gera and other places in Thuringia, the 

windows, doors, cupboards, and other movable articles of 

furniture, were violently agitated, shaking and rocking to 

and fro. A despatch received at New York on Tues- 

day from Mexico states that a high hill in the vicinity 
of Chimalapa has been completely riven in two by the 
action of subterranean forces. The volcano of Colima, in 

Mexico, is in a state of eruption for the third time within a year. 

Information has been received at Lerwick stating that two 

shocks of earthquake had been experienced at Baltasno, Unst, 

Shetlands, on Monday night. The first shock was felt at eleven, 

the other two hours later. Several people were roused from 

sleep by houses trembling and china rattling. Both shocks 
lasted several seconds, but no damage occurred to property. A 
telegram from Melbourne, October 5, states that a volcanic 

eruption has occurred in the island of Niapu, in the Tonga 

group. Two-thirds of the island are completely covered with 
volcanic dust. Mount Pabloff, 300 miles south of Kodiak, in 

Alaska, is in eruption. 

Mr. S. K. SEKIYA writes from the Imperial University, 

Tokio, Japan :—‘‘On July 23 quite a destructive earthquake 

visited Shinano, Echigo, and the neighbouring provinces, over- 
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throwing several houses, forming fissures on roads and hill-sides, 

and causing severe damage to household property. The shock 
also stopped the flow of a hot spring at Nozawa. The part 
most severely shaken lies among the mountainous district some 
3000 feet above the sea, with the famous active volcano of 
Asama, besides many extinct ones—an interesting case in Japan, 

as most of the larger earthquakes extend along the sea-shores.” 

A RECENT number of the Fapan Weekly Mail contains a short 

account of a night ascent of the active volcano Asamayama. 
The party left Karnisawa in the afternoon, and commenced the 

ascent from the eastern side about sunset. The sky was per- 
fectly clear, and the summit was reached an hour before mid- 

night. The wind, blowing from the south, carried the sul- 
phurous vapour away to the northwards, and thus the ascent was 

made less uncomfortable. The party saw quite to the bottom of 

the crater, which presented the appearance of a furnace filled 

with glowing coals. The sound of the roaring, hissing, and 

bubbling is described as loud and awful, The walls of the crater 

are of a light-brown colour, and are composed of successive 

layers marked out with striking regularity like the seats in an 

amphitheatre. Allowing ten of these layers to each interval 

of 20 feet, the depth from the surface to the incandescent 
matter would appear to be 205 feet. The periphery of the 

crater is about half a mile, although the Japanese calculate it at 
two miles and a half. 

Mr. Percy SMITH, Assistant Surveyor-General of New | 

Zealand, has made an ascent of Tarawera, where the eruption | 
recently took place. He found the mountain split across, the 

crack in some places being 5 chains wide. Mr. Smith is now 
making a minute examination of the district. 

ACCORDING to intelligence received at Hamburg, advices 
from the waters of Spitzbergen now confirm the former news 

from Iceland and from the mouth of the Pechora, on the 

Siberian coast, to the effect that the ice in the Arctic Sea has 

this year extended unusually far southwards. Spitzbergen, the 
sealers report, was found to be surrounded with an ice-belt 5 to 
8 miles broad, and there was firm pack ice from Hope Island 
to Forland, about 56 miles. The great bays on the Storfjord, 

Hornsund, Bellsund, and Isfjord were quite inaccessible, and 
the sealers, after waiting all the spring and most of the summer, 

returned at the end of August, as there was no prospect of the 
Polar ice dividing. 

Pror. ALEXANDER, who has filled the Chair of Engineer- 
ing at the Imperial College of Engineering, Tokio, for a 

number of years past, and who is about to leave the country, has 
been presented by his colleagues, past and present, with a hand- 

some pair of bronze vases, inlaid with silver, and with an 

address. The graduates of the college on the same occasion 

presented him with four pieces of Japanese bronze work, The 
documents accompanying these presents show that the retiring 
Professor is much regretted by those whom he leaves behind— 
colleagues as well as pupils. 

ACCORDING to the Report of the Superintendent of the 
Government Museum at Madras for the past year, the interest 
of the people in that institution is on the increase. The 
number of visitors is considerably larger, this being especially 
noticeable in the case of women and girls, which probably indi- 

cates some relaxation of the custom of seclusion, and an increasing 
interest on the part of Indian women in things beyond, and dif- 
ferent from, their ordinary duties. In the work of the Museum 
there seems to have been an advance in almost every direction. 
The materials for catalogues of the departments of ethnology 

and antiquities were collected. Mr. Davison, the well-known 
Indian ornithologist, was engaged at the suggestion of the 
Governor for a period of six months to make a collection of 

South Indian birds for the Museum, and when this has been 

done a catalogue of the birds will be taken in hand. Similarly 
in other departments the work of the institution has been pro- 
gressing. The Superintendent notes that the native visitors 
object to the drinking-fountain in the grounds, owing to the 

resemblance that the discharge of water from the mouth of a 
stoneware lion’s head has to the act of vomiting ! 

THE total railway mileage of the United States is now 
130,334, of which 12,116, or 9'2 per cent., is narrow gauge, 

and 187 broad gauge (5 feet and over). In view of the numerous 

breaks of gauge, transfer-apparatus enabling quick and easy 

change wader car-bodies of trucks made for one gauge to trucks 

made for another is a desideratum. A committee of the Franklin 

Institute has just highly commended Ramsay’s system for the 
purpose. In this, when, ¢.g., a broad-gauge car is to be trans- 

ferred to a narrow-gauge line, the car is brought with the aid of 
side trucks and cross bars over a depressed piece of line having 

| both gauges, and an inclined approach and exit ; and it there 
exchanges one kind of truck for the other. It may be noted 
that the narrow-gauge system in the United States, far from 

having ‘‘seen its best days,” is constantly resorted to in the 
development of mountainous and sparsely populated districts, 
California taking the lead in this respect. 

WE learn from a French source that Prof. Place, of the 

Cavalry School of Saumur, has recently applied electricity with 
great success to horses which prove refractory while being 
shod. It is known that a vicious beast will often give much 
trouble in the operation of shoeing, and may even have to be 
bound and made to lie down. M. Place’s method renders it 

at once tractable, and permanently cures its aversion to the 

forge. The electric shock is given through a bridle of special 
form, from an induction-coil actuated by a dry pile. 

THE effect of muscular exercise on the temperature of the 
body has been recently engaging the attention of M. Mosso in 

Italy. In thermometrical relations the nerves, he con :ludes, 
have much greater action than the muscles. Strong emotion 

will raise the rectal temperature of a dog o°'5 to 2°, ani the 

same with man. Pain has the same effect. During a walk of 
two days, M. Mosso observed that his temperature was not in 
proportion to'the work done by his muscles. When dogs rest 
after long fatigue, one observes that their heat sinks below the 

normal level, though their muscular exertion has been great. 
Again, take the evidence of strychnine and curare ; the former 
of which affects the nerve-centres, while the latter paralyses the 
muscular system. A frog poisoned with curare falls into 

complete paralysis, with lowering of heat. If a few milli- 
grammes of strychnine be then injected, the paralysis does not 
cease, but the temperature immediately rises. Internal tem- 

perature, then, seems to depend chiefly on the nerve-centres and 

their greater or less excitation. 

WE have received the “‘ Proceedings and Addresses” at the 
Sanitary Convention held in March last in Howell, Michigan, 
under the direction of the State Board of Health. The various 
papers are of a very plain and practical character, free for the 

most part from technicalities. We have read with especial 
interest, in view of recent discussions in this country, Prof. 

Barnes’s address on the sanitary conditions and needs of 
American schools. Speaking of the complaint in England that 
owing to the requirements of the present code the children of 
the very poor whose food is bad and insufficient become afflicted 

with sundry dangerous nervous disorders, Prof. Barnes says that 
if this be true for England, it certainly is not for the United 

States. But there as well as here there are critics who hold the 
system of education to be responsible for all the ills of youth. 

Prof. Barnes shows that this is absurd. Adequate heating and 
ventilation he regards as the chief respects in which American 



PS I ee a = 

(FOI Rt IS EP 

Oct. 7, 1886] 

schools are lacking. Indeed it appears from the papers that the 
other public buildings of the State of Michigan share these 

defects with the schools; the court-house, according to Mr. 
Waters, is little better than a death-trap, and the others are far 

from being what they should be. 

WE have received the Report and Proceedings (vol. i. part 1) 

of the Bristol Naturalists’ Society. The former is very satis- 
factory, as it shows an increase in the membership and an in- 
creased attendance at the meetings. The finances, too, are ina 
sound state, with the exception of the special library fund, 

which appears to be in debt. The Council urge the formation 

of similar Societies in neighbouring towns, and their affiliation 
to the Bristol Society, ‘‘for so much can be done for science by 

mutual intercourse and encouragement.” The contents of the 

Proceedings (the part being profusely illustrated) reach a high 
standard. Prof. Lloyd Morgan publishes the third and fourth 
parts of his ‘‘ Contributions to the Geology of the Avon Basin,” 

dealing with the Portbury, Clapton, and Portishead districts. 
Mr. Wilson, Curator of the Bristol Museum, gives the history 
of the exploration of the bone-cave or fissure in Durdham Down, 
from which the series of mammalian remains in the Bristol] 
Museum were obtained. Lists are given of the remains found, 

and of the principal publications referring to them. Mr. Buck- 

nall publishes Part 9 of his ‘‘ Fungi of the Bristol District,” 
while Mr. Griffiths writes on the Cicada sebtemdecim, “* the 
seventeen-years’ locust”’ of America. There are several other 
more general papers. At the end is the continuation of the 
** Flora of the Bristol Coal-Field,” edited for the Society by 
Mr. J. W. White, the compilation of which was commenced 

seven years ago, and which has continued steadily ever since. One 
thousand and three species have already been treated as inhabit- 
ants of the district. The present part, which is the sixth, treats 
of Glumifere Gymnosperme and Cryptogamee Vasculares, It is 

proposed to begin at once revising the earlier parts with a view 
to the prepar. t on of a second edition, and an appeal is made 
to members and friends to aid in making the work as complete 
and accurate as possible. It is hoped in this way to lay before 
the Society a thoroughly worthy account of the botanical wealth 

of Bristol. 

THE Otago Acclimatisation Society have, during the past 

year, been highly successful in their fish-culture operations in 
New Zealand. The utmost is being done to naturalise Sal- 

monide to the waters of that country, and from all accounts the 

experiment is likely to succeed. The Society are about to try 
the experiment of retaining salmon in fresh waters at Marshall’s 
Creek with a view to testing the assertion that it is not a physio- 

logical necessity for fish to repair to the sea to render them 

capable of reproduction, 

NEWCASTLE-UPON-TYNE Free Library, though suffering from 

a fire which arose from the flue of a sunlight in the reference 

room getting overheated, and caused both reference and issue 
department to be closed for many days, nevertheless records 
general prosperity, boasting at the same time the issue of the 
smallest percentage of fiction of twelve of the largest free libraries 

in England. A new catalogue of 10,000 books added to the 
lending department during the five years and a half the library 
has been open, and another of the juvenile department, are being 
prepared to meet the want that must be so urgent in a library 

where crowded applicants can gain knowledge of the treasures 
offered them by no other channcl. Only thirteen volumes, not 

worth 1/., have been lost during the same length of time, not 

reaching I in 100,000 issues; in the juvenile department only 

I in 185,000 ; and during the past year not one volume! Yet, 
as if this were not satisfactory, the Committee have decided to 
make every borrower (z.e. over 8500 persons) renew his ticket 

yearly, instead of once in five years, for the sake of correcting 
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addresses. Balancing this enormous aggregate of trouble to the 

public, A/zs that of the library officials in carrying it out, against 

that of the latter in tracing borrowers who have removed without 
signifying the same to them, we cannot think that this shows 

either the wisdom of the serpent or the harmlessness of the 
dove! Science and other educational classes, so aptly carried 

on under a free library committee, were attended by 141 
students in 1884-85, and, we are glad to see, by 186 in 
1885-86. Three branch reading-rooms, however, we note with 

surprise, were not attended sufficiently to make it worth the 
expense of keeping them open. 

THE intelligent community of Watford, to whose various clubs 

and classes, all working together under one committee, we called 
attention some time ago, find co-operation so successful that they 
have published a bound hand-book of 160 pages, containing, 

besides a library catalogue with supplementary lists down to 
September 1886, all the other varied information which they 

have to lay before the public. The principal item to notice is 

that they have succeeded in adding the University Extension 
lectures to the numerous branches of art and science already 
under their care. The name of ‘‘ The Free Library ‘ College’ 
of Science, Art, Music, and Literature” has now been adopted, 

as denoting the ‘‘ collection” of schools of which it consists. 
Sir John Lubbock has accepted the new office of President of it, 
and on Tuesday, the 28th ult., he delivered an opening address. 

He chose the subject of ants and their ways ; and, since natural 

history is among the scientific pursuits of the college, it was both 
a specially fitting and, we need not add, a generally interesting 
subject. The nucleus of all the various work carried on at Wat- 
ford is a free library rate which even now only brings in 240/. a 
year. Such success should therefore encourage such smaller 
towns as cannot find separate committees each with its own 

work and expenditure also. 

AmMoNGST the papers read at the International Congress of 
Orientalists at Vienna were one by Dr. Stein on the Hindu 
Kush and Pamir in Iranian geography, and one by Prof. Kuhn 

on the Indian dialects spoken in the Hindu Kush. Prof. de 
Lacouperie also read a paper on the aboriginal languages of 

China. 

Messrs. SPON have in the press: ‘‘ Metal Plate Work, its 

Patterns and their Geometry,” by C. T. Millis, M.I.M.E. ; 

‘© 4 Practical Hand-Book on Pump Construction,” by Philip R. 

Bjorling ; ‘‘Spons’ Mechanics’ Own Book” (second edition) ; 
“Quantity Surveying,” by J. Leaning (second edition, revised 

and enlarged); ‘“‘ A Treatise on Secondary Batteries,” by Prof. 

Silvanus P. Thompson, D.Sc., B.A. 

THE additions to the Zoological Society’s Gardens during the 
past week include a Mona Monkey (Cercopithecus mona) from 

West Africa, presented by Mr. W. P. Hewby; a Malbrouck 

Monkey (Cercopithecus cynosurus) from East Africa, presented 
by Mr. Lionel R. Crawshay ; a Rough Fox (Canis rudis) from 
British Guiana, presented by Capt. J. Smith ; a Hairy-rumped 
Agouti (Dasyprocta prymnolopha) from Guiana, presented by 
Mrs. Otto Fell; a Common Hedgehog (Zrinaceus europaeus) 

British, presented by Madame Tina Mazzoni ; two Moorhens 

(Gallinula chloropus), British, presented by Lord Moreton, 

F.Z.S. ; a Horned Viper (Viper cornuta) from South Africa, 

presented by Mr. C. B. Pillans. 

OUR ASTRONOMICAL COLUMN 

PERSONAL EQUATION IN OBSERVATIONS OF DOUBLE STARS. 
—M. Bigourdan, of the Paris Observatory, has taken the above as 
the subject of his Thesis for the degree of Doctor of Physical Science. 
In an historical review of the subject he refers to the labours of 
Dawes, W. Struve, O. Struve, Dunér, O. Stone, F, R. Helmert, 
and T. N. Thielo. He dwells particularly on the researches of 
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O. Struve, who has persevered so assiduously in the observations 
of artificial stars initiated by W. Struve. M. Bigourdan 
shows, however, that by this method it is not possible to eli- 
minate the errors due to the instrument itself, and especially to 
the object-glass. But it is M. Bigourdan’s opinion that it is 
difficult, if not impossible, to avoid the employment of arti- 
ficial stars in determining personal equation in measures of 
double stars, and he has accordingly devised an apparatus, 
which he describes as simple and of moderate cost, by means 
of which observations of artificial stars can be made at any time, 
and which he considers to be free from the objections which 
have been urged against Struve’s method. In this apparatus 
the plate pierced with holes which form the images of the 
‘* stars” and the viewing lenses, are carried by one tube which 
is movable round a horizontal axis, so as to vary the inclination 
of the eyes with respect to the horizon ; the pierced plate rotating 
in its own plane so as to vary the angles of position of the arti- 
ficial coupler. M. Bigourdan gives in the Thesis a great 
number of measures made with this instrument, deduces a 
formula for his personal equation in position-angle, and shows 
how the application of the corrections deduced from it improves 
the observations. 

PUBLICATION DER ASTRONOMISCHEN GESELLSCHAFT, No. 
XVIII.—This is a paper by Herr Romberg, of Pulkowa, con- 
taining the approximate positions of stars whose places (chiefly 
as comparison-stars for observations of planets and comets) are 
given in vols. Ixvii. to cxii. of the Astronomische Nachrichten, 
arranged in order of right ascension and reduced to the epoch 
1855. This work is a continuation of a similar one executed 
by Schjellerup for vols. i. to Ixvi. of the sane periodical, form- 
ing No. VIII. of this series of publications, and is similar in 
form to it. The right ascensions are given to seconds of time, 
and the declinations to tenths of a minute of arc, and Herr 
Romberg expresses a hope that his Catalogue may be useful not 
only as an inlex to such a large number of observations of 
stellar positions, but also as a groundwork for accurate deter- 
minations of the star-places. The total number of stars in the 
Catalogue is about 8000, the great majority of them being fainter 
than the seventh magnitude. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 OCTOBER 10-16 

( {OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on October 10 

Sun rises, 6h. 17m. ; souths, rrh. 47m. 1°63.; sets, 17h. 17m. ; 
decl. on meridian, 6° 43’ S.: Sidereal Time at Sunset, 
18h. 34m. 

Moon (Full on October 13) rises, 16h. 37m. ; souths, 22h. 19m. ; 
sets, 4h. 11m.” ; decl. on meridian, 4° 7’ S. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. m. Lr 

Mercury bh abl 12 20 17 33 9) 579: 
Venus ... 4 56 iii) (6) 17) ea ‘OAs: 
Mars Io 46 14 49 18 52 21 50S. 
Jupiter... 6 11 Ir 46 17 22 § 29S. 
Saturn... 22 18* 6 20 14 22 21 22N. 

* Indicates that the rising is that of the preceding evening and the setting 
that of the following morning. 

Occultations of Stars by the Moon (visible at Greenwich) 

Corresponding 
angles from ver- Oct Star Mag. Disap. Reap. fmtoiae hence 

inverted image 
h. m. Ins farts D a 

2 SVAN ces soo Ley coo ee) Kieccs fo) LCP 4o 19 
14... » Ceti ay Cte on FES TO cag LO) ie 46 272 
16 ... 6? Tauri Sp pecon ise Gyros Vite) S19) 98 216 
16... 6! Tauri 59 Cinco LC) 38 “Gag. 1s) 27/ 127 186 
Owes COMLAUL 22. | ss lOMerss| LON25 eemzO ny! 24 287 
Tope ol auri |: = 5 Aiecsl LO) 30).se2On20 32 279 
16 ... BA.C. 1391 ... 5 ... 20 5 nearapproach 155 — 
16 ... 85 Tauri .. oa] Ome ZOOS) Eee 2ON5O 53 255 
16 ... Aldebaran au . 22 37 near approach 155 — 

+ Occurs on the following morning. 

Variable Stars 
Star RA. Decl. 

ey Fan nae h. m. 
U Cephei 0) 52:2 ... Si 16) No Octnr4, ene 
S Cassiopeize L032. . 172 eke eee yy, eel: M 
A Tauri 3) 5474)... 12) ION; --.ys, eLOs) Siena 

F » 14, 153m 
U Monocerotis Uf dae Wore Oe usowtcco: ere EA m 
U Corone ... 15 %3'6.-.132) 4 Ne. g5 L2elomycemm 

>, 16, 5 43 m 
U Ophiuchi... 17 10°8 I 20IN..:.. 55, 13, SasOme 

and at intervals of 20 8 
W Sagittarii 17, 57°8 ... 29 35 9. --- Oct. 13; 2oms 
U Sagittarii... 18; 25°2 .2. 10) 12'Ss ese ae LO mORTE 

» 14,19 Off 
R Scuti TS) A4lC4 3 (5) SHOWN Aa Les M 
B Lyre... 18 45:9 ... 33 14. N..:. 5, 14; 100mm 
R Lyre RS) CNG Pera gtr: ter INI ap ng LS} M 
n Aquila 19 46:7... 0 43,.N.0. 3) Xi, e22mmomes 
V Cygni 20/3701... 47 (4A Ne een ks M 
T Capricorni PHI enaaicy steph. ool pp. | Sh) M 
5 Cephei 22 24:9)... 57 50N, =. 55) 12; kOmmOus 
S Aquarii Pe IVa 59) Gps ak 9 Ep M 

J 

M signifies maximum ; 7z minimum. 

GEOGRAPHICAL NOTES 

AT a recent meeting of the Anthropological Institute in con- 
nection with the Colonial and Indian Exhibition, Mr. Pryer, of 
the Civil Service of British North Borneo, read a paper on the 
natives of this region. The main race, the Dusuns, are in all 
probability descendants of a mixed aboriginal and Chinese 
ancestry, and as we come nearer to the coasts the sub-tribes mix 
and blend with each other and with aliens, till on the east coast 
there is very little of the native type left at all, a race rapidly 
springing up there of very cosmopolitan origin. On the west 
coast there are more natives and fewer aliens, but much the 
same thing is occurring there on a smaller scale. It is difficult 
to say where the Dusun ends and the Dyak proper begins ; the 
former were at one time head-hunters, but they are now settling 
down under the North Borneo Company quietly to rural toil. 
They are thriving and increasing, and there is no fear of their 
melting away and disappearing, as so many races have done 
when brought in contact with the white man. The same may 
be said of the sea-coast races, especially of the Bajans. The 
Sooloos are the principal fishermen, and, like the rest, are now 
settling down to a more quiet and orderly life. The first true 
tribe of the interior arrived at from the east coast is the Booloo- 
doopy, a somewhat singular people, many of them having 
strangely Caucasian features, or, at all events, departing largely 
from the ordinary Mongolian type. Mr. Pryer describes several 
other tribes of the interior, and he inclines to the idea that the 
Chinese type is far more predominant in Borneo, even amongst 
the Dyaks, than has generally been supposed. He does not 
think that the Chinese went over in bodies to North Borneo, but 
rather that in the long course of Chinese trade with and settle- 
ment in the island, a slow and steady infiltration of Chinese 
blood, though not of Chinese speech or manners generally, took 
place. 

AT a late meeting of the Paris Geographical Society M. 
Hamy made a communication on an exhibition of collections 
from the French possessions in West Africa in the Jardin des 
Plantes, contributed by the Museum of Natural History and 
that of Ethnography. The exhibition, he said, was composed 
of two sections, one devoted to natural history, the other to 
ethnography. ‘The first showed that the countries were rich in 
iron and copper, which had ever furnished the natives with 
indispensable implements and utensils. Trees and various plants 
abound, and game is not rare. Numerous races live and have 
lived in these regions. The exhibition shows how they are at 
present distributed in West Africa. There are four groups of 
Negroes :—(1) The Negrillos or Pygmies, the most western race. 
They live now only in small scattered colonies in the most un- 
healthy spots, such as the estuary of the Ogwe, and the interior 
of Mayonbo; they are called Okoa, Bongoa, Bakké-bakké, 
Babonko, &c. (2) The second group is brachycephalous, of 
middle height, and lives principally on the right bank of the 
Lower Congo, but particularly on the Loango. They work in 
iron, and are far advanced in the mechanical arts. (3) The 
Mpongos, or people of the Gaboon, who have been in contact 
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with Europeans since the end of the sixteenth century. M. 
Hamy referred in detail to the manners and industry of this 
people. (4) This is a slightly heterogeneous group, consisting of 
the Obambas, Ondumbas, &c., who live in the neighbourhood 
of Franceville. In conclusion the speaker referred to the 
interest of ethnological research in relation to the movements 
of peoples on the earth’s surface. Here, he said, ethnography 
is especially bound up with geography. 

THE Portuguese explorers, Col. Serpa-Pinto and Lieut. 
Cardoza (according to the Colonies and India) recently left the 
Cape Colony for Lisbon. These gentlemen have accomplished 
a most important scientific exploration in the Lakes region. 
Leaving Mozambique, they proceeded by land to Ibo, correcting 
many errors that had crept into the charts. From Ibo they 
advanced to Nyassa at the head of an Expedition 800 men 
strong, making as they went a geodetical triangulation of the 
country, using instruments of great precision. Col. Pinto, in 
consequence of a dangerous attack of illness, was obliged to 
leave the Expedition in Mebe’s country, of which he had made a 
geological survey, occupying a long time. Lieut. Cardoza, 
who had been blind for fifty days, happily recovered his 
sight in time to take the command of the Expedition, con- 
tinuing the work to Nyassa, from whence he went to Shirva 
and Blantyre, and by a new road to Quilimane. The whole 
party suffered from hunger on the way; all the dozs died of 
starvation, and the men narrowly escaped the same fate. The 
Expedition was accompanied by 200 Zulus, who rendered splen- 
did services, being conspicuous for their courage and devotion, 
Besides their scientific work, the first of the kind done in that 
part of Africa, the leaders of the Expedition extended the Por- 
tuguese dominion over all the important chiefs visited during 
the journey, lasting twenty months. Everywhere the Expedition 
was heartily welcomed by the natives, the only place where the 
Mission was not cordially received being, it is said, the Blantyre 
Mission Station. 

THE September issue of the Scottish Geographical Magazine 
contains a paper by Prof. Meiklejohn on the history, poetry, 
&c., in geographical names. Mr. Murray, of the Challenger 
Expedition, reviews the existing state of our knowledge 
of the Antarctic regions @ propos of the project for exploring 
them. The Council have unanimously resolved to support any 
movement having for its object the careful exploration of the 
Antarctic regions, ‘‘as being certain to result in large and im- 
portant accessions to our knowledge in geography, oceanography, 
meteorology, and other branches of physical science.” They 
think the expedition should be undertaken at Government 
expense, but the co-operation of Australasian Governments 
might be invited. They suggest a conference of delegates of the 
leading scientific Societies to draw up a memorial to the Govern- 
ment on the subject. 

ACCORDING to the latest intelligence received at Zanzibar 
from the interior of Africa, Dr. Wilhelm Junker, the African 
traveller, was at Msalala, south of the Victoria Nyanza, and was 
about to start for Zanzibar. Emin Bey was still at Wadely, and 
was in urgent need of supplies of ammunition and stores. The 
King of Uganda had murdered all the English and French con- 
verts, and the missionaries were in great danger and had asked 
for assistance. 

Pror. BLUMENTRITT contributes to the last number of 
Globus (vol. 1. No, 14) an interesting article on the Manguians 
of the island of Mindoro, in the Philippines, based on a Spanish 
work by Don Morera on the geography and natural history of 
that archipelago. Next to Luzon and Mindanao, Mindoro 
contains the greatest number of wild tribes. Those which live 
on the coast and along the banks of the rivers are known under 
the general name of Manguians, while the Bangot inhabit the 
plateaus, and the Buquil and Beribi have their villages amongst 
the high mountains of the interior, but these names vary greatly 
in different parts of the island. They exhibit a mixture of 
various races. Besides the Malay:, there is Negrito blood in 
the Buquils, and in some places traces of Chinese descent also, 
Prof. Blumentritt confines himself to describing the manners, 
customs, dress, &c., of the Manguians. Incidentally, however, 
the paper tends to show the enormous complication and difficulty 
of ethnological questions relating to the Philippine Islands. The 
constant mingling of different races from China, Malaya, and 
parts of Melanesia and Polynesia has created a mixture of which 
the component parts are almost undiscernible. The vast variety 

of names given to tribes, which rarely mark any ethnical dis- 
tinction, and which sometimes are given to the members of the 
same tribe, add to the confusion. 

NOTES ON VESUVIUS FROM FEBRUARY 4 
TO AUGUST 7, 1886 

[* NaTuRE (vol. xxxiii. p. 367) I gave a description of the 
changes that had taken place in Vesuvius during the pre- 

ceding months, and of the eruption of February 4. The lava 
that issued on that occasion continued to flow in abundance 
until the rrth, forming a brilliant streak on the northern slope 
of the cone. After that date the output of fused rock varied 
at intervals till about the end of the third week in March, 
when the outflow stopped. 

On April 21, at about 5 p.m., lava rose from that portion of 
the fissure crossing the great crater plain on its south side, and 
which was the one by which the eruption of May 2, 1885, had taken 
place. The quantity that oozed out was comparatively small, 
and sufficed only to flow down the side of the great cone for 
about 100 metres, so as to just cover the point of exit of the 
lava that had issued from the same fissure in the spring of 
1885. The new lava piled itself up into a kind of boss, and 
thus soon plugged its own passage. 
A few days after, that is, on April 27, a new outburst oc- 

curred, again at a weak point—the upper limit of the fissure of 
1881-82, above the buttress of lava formed subsequent upon 
that eruption. This was sufficient to carry off the overflow for 
some weeks. Slight variations, such as are constantly going on, 
were observable in the activity of Vesuvius and the outflow of 
its lava during the whole of the month of May. During the 
eruption of Etna, Vesuvius did not show the slightest sympathy 
—just what we should expect when our conception of a lateral 
outburst is that it is simply a mechanical result of changes that 
proceed in the upper part of the volcanic chimney, and usually 
of the mountain itself. 

During the month of June the outflow of lava on the eastern 
side persisted, adding to the great boss, hump, or buttress 
formed during the years subsequent to the eruption of 1881-82. 
Owing to the height of the lateral outlet, and probably also from 
its narrowness, the level of the lava column in the chimney was 
very high, and, as a consequence, the numerous pasty lava-cakes 
added much to the size of the eruptive cone, which grew so 
rapidly during the month as to cover all the old remnants of 
crater-rings except a small portion of the northern rim of that 
of 1881-82. On June 29, when I visited the crater, I found a 
long continuous fissure extending right across the great crater 
plain in a westerly direction, and emitting an abundance of hot 
air, HCl, with vapour of chlorides, which were deposited in 
feathery bunches on the cooler edges of the fissure. This fissure 
no doubt corresponds to the upper limit of a radial dyke, as did 
the one existing for many months previous to the eruption of 
May 2, 1886, and probably does, like that one, indicate the 
direction of an eruption at some future time. When such an 
eruption takes place it will be unpleasant for the funicular rail- 
way, which, although a little south of the line of fissure, would 
be within reach of the outburst. In the above-mentioned visit 
it was possible to watch the eruptive mouth for some time from 
the edge of the cone of eruption, and to take an instantaneous 
photograph of it amidst an exciting bombardment of stones, not 
dangerous for one’s self, but unfavourable to an inactive photo- 
graphic camera. Unfortunately an accident happened to the 
negative, but I have siuce been successful in obtaining a per- 
manent record of the eruptive mouth, though hardly such a 
successful picture. The diameter of the main vent was about 
3 or 4 metres, and nearly circular. 

The crater was again visited on June 5, but no marked change 
had taken place, and lava was always issuing on the east side 
and flowing first to one side and then to the other, always 
adding to the great buttress. 

The cone of eruption, owing to its great increase of size 
during the last thirteen months, formed a very conspicuous 
mound, perched as it were on the flattened summit or crater 
plain of 1872, which truncates the great cone of Vesuvius. On 
June 28 it was observable from Naples that the cone was falling 
in, and the spine or boss forming the northern boundary of the 
crater of eruption had in part disappeared, and owing to the 
plugging of the passage the smoke only escaped in puffs. This 
crumbling in of the crater walls was no doubt due to the loss of 
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support of the column oflava within the chimney. This lower- 
ing of level probably produced the extension outwards of the 
eastern dyke, and the lateral outlet of lava was consequently 
lowered. This was confirmed by the much increased outflow of 
lava coincident with the falling in of the cone. 

During the first week in July the volcano appeared from 
Naples to be very quiet ; indeed, less vapour was escaping from 
the summit than at any time during the last seven years. From 
time to time the vapour was, from the gradually increasing pres- 
sure, able to burst its way through the loose materials that 
choked the outlet, when a puff of smoke would be visible of a 
dark purplish-black colour, due to its being charged with vol- 
canic ash derived from the churning up and trituration of the 
lava fragments, scoria, and lapilli it had to traverse in its escape. 
At the same timea slight reflection was to be seen at night, indi- 
‘cating that the lava surface, although lowered, was not so to any 
great extent. 

On this day, July 8, the lava which had always been gradually 
advancing, had crossed the southern end of the Val d’Inferno, 
and flowing down one of the wooded ravines on the property of 
the Prince of Ottajano, where it destroyed a number of trees, it 
continued its course, overwhelming some vine-gardens. | On 
July 12 the number and quantity of the black smoke puffs was 
very great, and the crater was in the full ash-forming stage, and 
towards night the vent had been considerably cleared, so that 
the reflection was well marked. The next day the smoke issued 
freely and uncharged with ash. The change that took place on 
the 12th was no doubt due to the lava rising in the chimney 
-consequent upon the lateral outlet getting choked ; as on the 11th, 
the abundant flow of lava became very much diminished. 

On July 20 the puffs of dark smoke again appeared, indi- 
cating a return of the crumbling in of the crater ; this was again 
due to the lowering of the lava level, and, as was expected, the 
fluid rock issued in great abundance the following day, again 
destroying trees and vine-gardens. The next day the lava 
was still flowing in abundance, so as to form a bright streak on 
the slope of the great cone. The outflow continued to gra- 
dually diminish until the 3oth, the crater above remaining 
inactive. On the latter date, however, the lava rose again 
sufficient within the chimney to cause the vapour to find a 
passage through the materials choking the main vent, so that 
on that day the puffs of black smoke were again abundant, and 
accompanied by the ejection of partially triturated subangular 
old lava and scoria fragments. In the evening bright bursts 
were well marked, showing that the vent was again cleaved. 
The two following days the volcano maintained the third degree 
of activity (Rep. Brit. Assoc., 1885, p. 395)- 

During the first week of August the lava again flowed rather 
freely from the mountain’s side, whilst from its summit hardly 
any vapour escaped except from time to time a puff of blaek 
smoke. On August 7 a visit was paid to the crater. The cone 
of eruption has been reduced in height about 30 metres, and its 
remnants form a low crater ring inclosing a crater of oblong 
form having a diameter of about 80 X 60 metres. Its greater 
axis lies in a line from about E.S.E. to W.N.W., and its bottom 
is double, so that it seems to result from two craters closely 
overlapping each other. The crumbling-in process was still 
going on, and the trituration of the loose stones and the charging 
of the vapour puff by the ash or sand could be watched from a 
distance of a few yards. I was successful in obtaining two 
ordinary and two instantaneous photos of the interior of the 
crater, only the eastern half of which, however, was active. 

The principal facts that may be gathered from the study of 
the phenomena of Vesuvius during these few months are rather 
confirmations of what the author has described as the mechanism 
of lateral eruptions, which may be summed upthus. The lower- 
ing of lava level within the chimney due to a lateral outlet 
removes the support the former gave to the walls of the crater 
and vent, which in consequence tumble in and choke more or 
less of the main outlet. Next the vapour contained in the lava 
may be compelled to escape laterally, but has a natural tendency 
not to do so, but rather to seek its path straight upwards. If 
the lateral outlet becomes choked, the lava immediately com- 
mences to rise in the chimney, and the escaping vapours burst 
through the loose materials in the chimney in puffs, grinding 
and triturating them, carrying upwards their dust, which tints 
the smoke of a dark colour, and, falling around the volcano, 
constitutes one of the forms of ‘‘volcanic ash,’ the chemical 
‘composition of which represents that of all the rocks triturated 
plus the saline substances condensed from the smoke. If one 
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walks across this ash when damp, one may notice the immediate 
plating of their boot-nails with copper, showing the abundance 
of the chloride of that metal. H. J. JounsTon-LAvis 

THE ADELAIDE BOTANIC GARDEN AND 
GOVERNMENT PLANTATION 

HE report of Dr. Schomburgk on the progress and condition 
of the Botanic Garden and Government Plantation, Ade- 

laide, during the year 1885 has just reached us. Speaking first 
of the rainfall, Dr. Schomburgk says that the year was one of 
the driest and most ungenial that he ever had to contend with, 
the rainfall being no more than 15°887 inches, which was 2°851 
inches less than the fall of 1884, and 5:°272 below the average 
rainfall during the previous forty years. During September, 
October, November, December, and January no more than 3 
inches of rain fell, and the keat during these months was abnor- 
mally great. The drought and heat combined had an injurious 
effect upon the vegetation, especially upon many of the trees 
and shrubs in the Botanic Garden, natives of cooler countries ; 
the losses sustained, however, were not so great as was ex- 
pected, owing to an abundant supply of water. On the other 
hand, in May and June severe frosts were experienced, so that 
tropical and sub-tropical plants and shrubs suffered greatly. 

On the question of the introduction and acclimatisation of 
new economic plants, Dr. Schomburgk records his experience 
with many that have been widely distributed through the agency 
of the Royal Gardens, Kew, and have become known and esta- 
blished in other colonies as well as in India, such, for instance, 
as the Kumara (/fomea chrysorrhiza), the tubers of which form 
an article of food in New Zealand. Dr. Schomburgk says he 
believes that the plant will grow well in the gullies, because the 
climate there is cooler and moister than on the plains, and to some 
extent approaches that of New Zealand. The Gingelly oil plant 
(Sesamum indicum) is also reported upon favourably. The seeds — 
were sown in drills in the open ground in October, and came up 
in about fourteen days. Considering that neither the dry spring 
nor the summer heat affected the plants, there seems no doubt 
that the species can be successfully cultivated in South Australia. 
The plant is an annual, and is very largely grown in warm 
countries for the sake of the sweet limpid oil now so much used 
for mixing with olive oil. 

Under the head of XAofala sp. an* announcement is made of 
the receipt from Kew of a parcel of seeds of a tree belonging to 
the above-named genus, a native of Columbia, with the follow- — 
ing extract from a letter of Mr. W. T. Thiselton Dyer :—*‘ The 
Rhopala is a small contorted tree growing to about twenty feet 
in height. It is remarkable for being absolutely indestructible 
by fire, in large districts where the dry pastures and bush are 
burnt twice a year. Its resistance to fire enables it to exist to 
the exclusion of all other trees and bushes as a perfect natural 
plantation. The periodical burning destroys everything except 
this tree. The resemblance to a plantation is moreover en- 
hanced by the circumstance that the trees never form thickets, 
and they are thickly and almost systematically dispersed over the 
land. ‘The tree delights in the most sterile soils, but always of 
a stony or shingly character. Sometimes it grows in places 
so barren that even grass cannot exist. “This suggests the 
idea that it may be turned to account in sterile districts within 
the tropics.” “Dr. Schomburgk expresses some doubt whether 
the plant will thrive out of doors with them, but thinks it may 
do well in the Northern Territory. 

The Herbarium and Museum have both been considerably 
enriched by additional specimens during the year, so that the 
utility and efficiency of the whole establishment are thoroughly 
maintained, 

THE AMERICAN ASSOCIATION 

fp ROM the report in Scéence of the Buffalo meeting of the 
American Association we condense the following brief 

summary :— 
Prof. Gibbs’s maslerly address, in the Section of Mathematics 

and Astronomy, upon the subject of ‘‘ Multiple Algebra,” was 
too long and of too technical a nature for presentation in full to 
our readers. His opening remarks were as follows:— 

“Tt has been said that ‘the human mind has never invented 
a labour-saving machine equal to algebra.’ If this be true, it is 
but natural and proper that an age like our own, characterised 
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by the multiplication of labour-saving machinery, should be dis- 
tinguished by an unexampled development of this most refined 
and most beautiful of machines. That such has been the case, 
no one will question. The improvement has been in every part. 
Even to enumerate the principal lines of advance would be a 
task for any one—for me, an impossibility. But if we should 
ask in what direction the advance has been made, what is to 
characterise the development of algebra in our day, we may, I 
think, point to that broadening of its fields and methods which 
gives us ‘multiple algebra.’ ” 

The speaker then gave a critical historical review of the dif- 
ferent contributions of Hamilton, Mobius, Grassmann, Saint- 
Venant, Cauchy, Cayley, Hankel, the Peirces, father and son, 
and Sylvester, to these new methods of mathematical analysis, 
showing the additions and developments made by each to the 
various subjects. 

In the second part of the paper Prof. Gibbs criticised the 
methods of some modern writers on these subjects, showing how 
they failed to grasp the full significance and bearings of the 
matters they were dealing with, being too much hampered by 
the old ideas and methods of simple algebra. 

In the third part of his paper Prof. Gibbs directed attention 
more critically to multiple algebra itself, and inquired into its 
essential character and its most important principles. 

Then followed along discussion of the fundamental concep- 
tions and methods of modern mathematics, which nothing but 
publication in full could render intelligible, and that only to 
mathematicians. 

The fourth part of the paper was devoted to consideration of 
some of the applications of multiple algebra. From this we 
quote the following :—‘‘ First of all, geometry, and the geo- 
metrical sciences which treat of things having position in space, 
—kinematics, mechanics, astronomy, crystallography,—seem to 
demand a method of this kind, for position in space is essentially 
a multiple quantity, and can only be represented by simple 
quantities in an arbitrary and cumbersome manner. For this 
reason, and because our spatial intuitions are more developed 
than those of any other class of mathematical relations, these 
subjects are especially adapted to introduce the student to the 
methods of multiple algebra, Here Nature herself takes us by 
the hand, and leads us along by easy steps, as a mother teaches 
her child to walk. In the contemplation of these subjects 
Mobius, Hamilton, and Grassmann formed their algebras, 
although the philosophical mind of the last was not satis- 
fied until he had produced a system unfettered by any spatial 
relations. It is probably in connection with these subjects 
that the notions of multiple algebra are most widely dis- 
seminated. Maxwell’s ‘Treatise on Electricity and Mag- 
netism’ has done so much to familiarise students of physics 
with quaternion notations, that it seems impossible that this 
subject should ever again be entirely divorced from the methods 
of multiple algebra. I wish that I could say as much of astro- 
nomy. It is, I think, to be regretted that the oldest of the 
scientific applications of mathematics, the most dignified, the 
most conservative, should keep so far aloof from the youngest of 
mathematical methods ; and standing, as I do to-day, by some 
chance, among astronomers, although not of the guild, I cannot 
but endeavour to improve the opportunity by expressing my con- 
viction of the advantages which astronomers might gain by em- 
ploying some of the methods of multiple algebra. A very few 
of the fundamental notions of a vector analysis, the addition of 
vectors and what quaternionists-would call ‘the scalar part and 
the vector part of the product of two vectors’ (which may be 
defined without the definition of the quaternion)—these three 
notions, with some four fundamental properties relating to them, 
are sufficient to reduce enormously the labour of mastering such 
subjects as the elementary theory of orbits, the determination of 
an orbit from three observations, the differential equations which 
are used in determining the best orbit from an indefinite number 
of observations by the method of least squares, or those which 
give the perturbations when the elements are treated as variable. 
In all these subjects the analytical work is greatly simplified, 
and it is far easier to get the best form for numerical calculation 
than in the use of the ordinary analysis.” 

Then followed illustrations of the various methods of applying 
multiple algebra to different classes of problems. 

Prof. Brackett’s address on ‘‘ The Seat of the Electromotive 
Force” was essentially a 7éswmé of the history of the investiga- 
tions to find the source of the current in galvanic batteries. No 
attempt was made to settle the question, which has been so long 
a bone of contention. 

In his address to the Section of Biology, Dr. H. P. Bowditch, 
of Boston, concluded that investigations into the chemical 
changes, the heat production, and the fatigue of active nerves, all 
tend to results more favourable to a kinetic than toa discharging 
theory of nerve action. 

In the Section of Anthropology a novel and ingenious method 
of getting an insight into the unconscious mechanism of author- 
ship was described by Mr. T. C. Mendenhall, under the title 
“*Characteristic Curves of Composition.” The method consists 
in counting the number of words of each length, from one letter 
to fourteen, fifteen, or as long as were found, and plotting the 
result on a curve, in which the abscissee represented the number 
of letters in the word, and the ordinates the number of words 
per thousand of each length. It was shown that while the curve 
resulting from each thousand words was not entirely regular, that 
resulting from five thousand was much more regular, and that 
from ten thousand almost entirely so. The inference from this 
was, that the phenomenon which the curve represented was a 
regular one, and that it was an expression of the peculiar yoca- 
bulary of the author. Moreover, by comparing the respective 
curves, one would be able to judge whether two works were 
written by the same author, and perhaps even decide the con- 
troversy whether Bacon wrote Shakespeare. Mr. Mendenhall’s 
method was to count a thousand words at a sitting, and then 
turn to another part of the book. One soon acquired the art of 
counting at a glance the number of letters in each word, and, 
with an assistant to record the result, one thousand words could 
be counted in a half-hour. Curves derived from Dickens 
(‘*Oliver Twist”) and Thackeray (‘‘ Vanity Fair”) were re- 
markably similar, thus suggesting that the subject-matter might 
cause the peculiarity of the curve, while those from John Stuart 
Mill (‘‘ Political Economy” and ‘‘ Essay on Liberty”) differed 
from them in having more long words and fewer short ones, 
though words of two letters (prepositions mainly) were most 
abundant in Mill. The average length of the novelists’ words 
was 4°38, and that of the philosopher 4°8. 

The geological interest of the meeting at Buffalo naturally 
centred in the excursion to and discussion of the Falls and gorge 
of Niagara. Dr. Pohlman, of Buffalo, described the district to. 
be visited on Saturday, and called particular attention to the 
occurrence of drift-filled antecedent channels on the line selected 
by the post-Glacial overflow of Lake Erie, which would gradually 
diminish the amount of rock-cutting required in the excavation 
of the present gorge, and thus reduce the time since the over- 
flow began. The geological members of the excursion party 
therefore gave close attention to these matters, and, as a whole, 
regarded the heavy drift between the sloping rocky banks at the 
whirlpool, and the wide, open valley, with its plentiful drift at 
St. David’s, as sufficient evidence of an old buried channel con- 
necting these points, and probably heading up above the whirl- 
pool towards the bridges. But there seemed no sufficient reasoa 
for any confident belief in a branching old valley from the 
whirlpool towards the Lewiston bluffs: in making this lower 
part of the gorge there must have been a long period of deep- 
rock-cutting between the first leap of the Falls over the bluff and 
the time of their discovering the old drift-channel and the whirl- 
pool. The estimate of the age of the Falls was presented by 
Messrs. Woodward and Gilbert, of the Geological Survey, and 
their remarks greatly interested a large audience that had 
gathered on the announcement of the discussion, Mr. Wood- 
ward had just completed a survey of the Horseshoe Falls, and 
by comparing his results with those of the State Survey in 1842, 
and of the Lake Survey in 1875, he found an average recession 
for the whole face of the Fall of about 2;4; feet per annum ; but 
as the central parts of the curve, where the water is deepest, has 
retreated from 200 to 275 feet in the eleven years since 1875, an 
average retreat of 5 feet per annum does not seem at all im- 
probable. Mr. Gilbert then discussed the beginning of the 
Falls as controlled by the drainage of the lakes. When the 
retreating ice-sheet stood so as to obstruct the St. Lawrence 
and Mohawk drainage channels to the east, a broad sheet of 
water, representing a confluent of Erie and Ontario, stood at a 
high level over the present Niagara limestone plateau, and 
probably drained south-westward to the Ohio. When further 
melting opened the Mohawk Channel, the great double lake fell 
to a lower level, and was separated into its two members, 
Ontario sinking to the level of its outlet at Rome in Central 
New York, but Erie being held higher by the rim of the 
Niagara plateau. This was the birth of the river and the Falls, 
and since then they have been at work on the gorge. The age 
of the falls thus carries us ba:k to a tolerably definite point in 
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the decline of the Glacial period. On the supposition of a 
uniform rate of recession, the age of the Falls equals the length 
of the gorge divided by the annual recession; but the rate has 
been undoubtedly varied by changes in a variety of conditions, 
which must be allowed for. As thus qualified, Mr. Gilbert gave 
it as his conclusion that the maximum length of time since the 
birth of the Falls by the separation of the lakes is only 7000 
years, and that even this small measure may need significant 
reduction. 

In the Section of Chemistry, H. C. Bolton, of the Com- 
mittee on Indexing Chemical Literature, after presenting 
their report showing the large amount of valuable work 
which was being done, read a paper on the confusion which 
exists in the abbreviations employed in chemical bibliography, 
and the desirability of uniformity in designations of scientific 
periodicals. 

C. F. Mabery’s paper ‘‘On the Products of the Cowles 
Electric Furnace,” was of particular interest, and attracted 
much attention. He stated that the past year had been devoted 
more especially to the development of an increased commercial 
efficiency of the furnace, so that now 300 horse-power could by 
means of a large dynamo, be applied with greater economy in 
the results ; and by coating the charcoal employed in the furnace 
with lime, by soaking it in lime-water, the production of graph- 
ite was largely avoided, and a marked improvement in the 
working of the furnace introduced. The results—although, as 
compared to what would eventually be accomplished by electric 
smelting, they may seem crude—have reached a stage where 
their commercial success can be demonstrated. It was also 
found that when the electrodes entered the mixture in a slanting 
position the product was increased. They are now also moved 
in and out with advantage, being gradually withdrawn as the 
resistance falls. Prof. Mabery replied to the criticisms of 
Hehner of Berlin, Siemens, and others, that no new principle 
was involved, showing that the Cowles furnace is quite different 
from all hitherto constructed, and the only one of practical 
application by which a dynamo of 300 horse-power could be 
used, as by means of a resistance-box and the arrangement of 
the furnace, the sudden breaking of the current is prevented 
from burning out the dynamo. The presence of copper for the 
reduction of aluminium was shown to be unnecessary ; and, by 
complete exclusion of air from the furnace, buttons of the metal 
were easily obtained. A product which has attracted consider- 
able attention during the past year is obtained by reducing 
aluminium in presence of iron. A cast iron is formed containing 
sometimes as much as Io per cent. of aluminium, and this pro- 
duct is used to facilitate the working of crude iron, and to intro- 
duce into the various grades a small percentage of aluminium. 
In the reduction of aluminium in the presence of copper a yellow 
product is frequently taken from the furnace, which is composed 
of metallic aluminium to the extent of one-half or three-fourths, 
the balance being silicon and copper. It is also formed in the 
absence of copper, and then contains a higher percentage of 
aluminium, and always contains nitrogen. It has a resinous 
lustre, and decomposes water at 100°. 
_In the Section of Physics, Prof. T. C. Mendenhall prefaced 

his paper on “‘ Electric Thermometry ” by saying that the stric- 
tures upon the mercurial thermometer should not be carried too 
far. It has been of great value, though it may now fail to meet 
new demands. Electric thermometry is receiving especial inves- 
tigation at the Signal Office, particularly from the meteorological 
stand-point, with some promising results. Prof. Mendenhall 
reported the progress which had been made in the study of atmo- 
spheric electricity during the past year. It is not time to begin 
to think of the origin of atmospheric electricity. The problem 
is its distribution and the relation, if there be any, to weather 
changes. Some very interesting results have been reached. In 
ordinary weather the electrical condition is undergoing constant 
and rather wide variations, which are very local, as two col- 
lectors only a few feet apart may give curves differing consider- 
ably, though similar in their wider variations. When an elec- 
trical storm occurs, the curves over a wide area may be similar 
in general outline. Prof. Mendenhall also noted a phenomenon 
entirely new to him ; namely, that resistance-coils, after a current 
it passed through them for some time, upon short-circuiting will | 
yield a reverse current for hours. This phenomenon can no 
doubt be classed under the general head of polarisation, yet by 
simple polarisation it would be difficult to account for persistence ~ 
of current. This makes caution necessary in the use of resist- 
ance-coils, in order that any effects of this kind may be carefully 
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noted. In one instance the apparent resistance of a coil was 
found to increase fourfold when the current was reversed. 

A paper by Prof. Abbe created some discussion. The point 
of the paper was that, as the force of gravity varied from the 
equator to the poles, 30 inches of mercury in the barometer 
indicated a less gaseous pressure, and consequently less density 
of the atmosphere, at the equator than 30 inches at the poles, 
and hence a correction for latitude should be introduced in 
allowing for refraction. He showed that, for the difference of 
latitude of Pulkowa and Washington, it would make o”1 differ- 
ence in the refraction at 45° of zenith-distance, and might be 
sufficient partly to account for differences in systems of star 
declinations which depended upon observations at great zenith- 
distances. 

In the Section of Biology, the paper of Messrs. J. M. Coulter 
and J. N. Rose, giving a synopsis of the North American pines, 
based on leaf-structure, was of especial value from a systematic _ 
stand-point, from the fact that any species in this somewhat 
difficult group can at once be distinguished by the peculiarities 
of its minute leaf-structure ; and the results of the author’s ob- 
servations are shown to be worthy of attention from the fact that 
a classification based on these characters is, in its broader features, 
closely like that of the late Dr. Engelmann, which, as is well 
known, took into consideration the whole tree. 

The relations of germs to disease naturally occupied a pro- 
minent place in the proceedings of the Section, and the presence 
of over half a dozen investigators in this line made the discussions 
interesting. Dr, D. E. Salmon read two papers bearing on the 
causes of immunity from a second attack of germ diseases. 
There are three possible explanations :—(1) Something is de- 
posited in the body during the attack which is unfavourable to 
the germ ; (2) something has been withdrawn which is necessary 
to its development ; (3) the tissues have acquired such a toler- 
ance for the germ or for an accompanying poison that they are 
no longer affected by it. Dr. Salmon favoured the last view, 
and gave details of a large number of experiments to substantiate 
his opinion. He said that Metchinkoff’s phagocyte theory was 
not wholly satisfactory, and that large doses of the germs were 
more powerful than small ones. He attributed their action to a 
poison which was a result of their growth, and thought that a 
large dose had a greater effect because the poison benumbed or 
killed the cells, thus giving the Bacteria a better chance to grow 
and to thus produce more poison. 

Dr. Joseph Jastrow gave an account of some physiological 
observations on ants, in which he was able, by simple but inge- 
nious means, to study the rate of walk of these insects, and 
stated that his results, so far as they went, confirmed the opinions 
of others that the smaller the animal the more rapid the step, 
and also the more quickly fatigue was produced. Dr. Jastrow 
also had some observations on the dreams of the blind, taken 
mostly from persons who had lost the sense of sight before the 
age of five. In these cases the dreams were all in terms of 
hearing. In the case of Laura Bridgeman the dreams were ap- 
parently based on touch. In persons who become blind between 
five and seven, sight terms played an important part in dreams. 
The relation of these facts to the development of the sight- 
centres was pointed out, 

PHOTOGRAPHIC DETERMINATIONS OF 
STELLAR POSITIONS 1 

[It has been suggested that a short account of my work upon 
stellar photographs for the attainment of accurate obserya- 

tions might be acceptable to the astronomical section. My in- 
tention had been to attend this meeting as a listener and learner 
only, but I comply with the suggestion the more readily, since, 
by a notable coincidence, I spoke upon the same subject in this 
place just twenty years ago this week. It is true that my com- 
munication then was only an oral one, and never reduced to 
writing, for the successful establishment of the Atlantic cable, 
of which I had received notice that day, called me away sud- 
denly, before the time fixed for the regular presentation ; but an 
elaborate written memoir upon the subject had been presented 
to the National Academy, ten days previous, at Northampton. 

The early history of celestial photography is demonstrably 
and exclusively American ; and its use as a method of delicate 
quantitative research is very markedly so. Without entering upon 

t Paper read at the Buffalo Meeting of the American Association for the 
Advancement of Science, August 20, 1886. 
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the historical data, which are of easy access to every investi- 
gator, I may mention that No. 77 of the Astronomical Fournal 
contained nineteen photographic impressions of as many different 
phases of the solar eclipse of 1854, May 26—the moment of 
each impression being given to the nearest tenth of a second. 
These were taken at West Point, under the direction of Prof. 
Bartlett, of the U.S. Military Academy, and form a part of his 
memoir, in which he also gives the distances between the cusps, 
as measured by himself with the micrometer in the telescope. 
Ten years later, in 1864, Mr. Rutherfurd constructed the 11}- 
inch photographic object-glass which has acquired so _con- 
spicuous a place in astronomical history; and with this, in 
addition to its other achievements, he obtained sharp photo- 
graphic stellar images, with a definition previously unknown, 
taking for the first time distinct impressions of stars invisible to 
the naked eye, in fact to the 8} magnitude for white stars. 

After constructing a micrometer of great delicacy for the 
measurement of these plates, he measured with this the relative 
distances and position-angles of the stars which they contained. 
And in the spring of 1866 he kindly placed in my hands the 
results thus derived from three plates of the Pleiades, each con- 
taining two impressions, taken on the evening of March Io. 
One of these plates contained forty stars. Bessel’s memoir 
upon the Pleiades, published in 1844, gave the relative positions 
of fifty-four stars, measured with the Konigsberg heliometer, 
during the years 1829 to 1841. Six of these fifty-four do not 
belong within the limits of the plate (which contains about one 
square degree), and ten of them are too faint for the photo- 
graphic record, so that sixteen of Bessel’s list are wanting ; but, 
on the other hand, there are two additional ones, not observed 
by him. 

From this fact alone it may be perceived that among the great 
benefits which astronomy may be justified in expecting from 
celestial photography, the accurate determination of magnitudes 
does not find place. The chemical ac’ion of the stellar light 
upon the film is so dependent upon the character of that light 
that, in the absence of a correct knowledge of its composition, 
we are very easily deceived regarding the amount. Thus one of 
Bessel’s stars which was not recorded upon any of Mr. Ruther- 
furd’s plates is estimated by Argelander as of the magnitude 8:0, 
and by Wolf as 7%, while five are distinctly recorded which 
Argelander calls 84 or less, and eight which Wolf so estimates. 
The spectroscope would doubtless show a deficiency of the 
more refrangible rays in the light of the former, and a pre- 
ponderance of the same in that of the latter. 

This series of measurements by Mr. Rutherfurd, together with 
the computations to which the results were submitted, constitute, 
if Iam not mistaken, the first application of the photographic 
method to exact astronomical determinations. - And the investi- 
gation necessarily demanded especial care, both for guarding the 
numerical results against sources of unsuspected error and for 
fixing the limits within which known theoretical errors would 
remain unappreciable. 

The importance of the successful application of a method so 
different from all previous ones, and so full of promise, and also 
the considerable time which would inevitably elapse before the 
memoir could be printed, led me at the same time to communi- 
cate to the Astronomische Nachrichten, at Altona, some of the 
resultant values. In a comparatively short note, written about 
the middle of August 1866, I gave for the ten most conspicuous 
stars of the Pleiades, after Alcyone, the corrections derived from 
one of the photographic plates of March Io, for the values, pub- 
lished by Bessel, for the position-angles and distances, from 
Alcyone in 1840, as likewise the average discordance found for 
a single measure. 

In the next following year the Academy had not the means of 
printing its memoirs ; and as in the meanwhile Mr. Rutherfurd 
had measured five more of the plates of the Pleiades previously 
taken, as well as six additional ones taken in the months of 
January and February 1867, these were also computed, and the 
results added to those from the first three plates in the memoir 
already written. 

Various circumstances combined to delay the publication, 
chief among them being what seemed to me a manifest im- 
propriety in printing the results derived from photographs and 
measurements made by Mr. Rutherfurd, and by his own methods, 
before some account of these methods should have been pub- 
lished by him. His communication on the subject had been 
made to the National Academy immediately previous to my 
own, but was not yet in such form as he desired for publication. 

The result showed a very remarkable accordance with Bessel’s 
determination for 1840, although the total amount of relative 
proper motion during the elapsed twenty-six years was comprised 
in the differences. 

This memoir still remains in its original form, but un- 
published ; the results being deduced from twenty-four photo- 
graphic impressions upon fourteen plates. 

In the next year, 1868, I had the gratification of receiving 
from Mr. Rutherfurd the results of his measurements of thirty- 
two stars of the cluster Prasepe, derived from eleven impres- 
sions. These were computed in the same way that those of the 
Pleiades had been, and an analogous memoir upon this cluster 
was prepared for the National Academy. 

Before leaving the country, early in 1870, I gave these two 
memoirs to Mr. Rutherfurd, with the request that he would send 
them to the printer, at the same time with his own paper, already 
mentioned, but not before then. ‘lhe condition of his health 
prevented him from attending to the matter for some time, and 
in the interval he arrived at the unpleasant discovery that the 
screw of his micrometer had suffered from wear, and to an 
extent which led him to fear a want of that accuracy of which 
the method is susceptible, and which he hoped to see demon- 
strated by its very first applications. 

Notwithstanding this possible blemish, it seems to me that 
the results ought to be now made public in their original form, 
after due mention of the circumstances ; and it is among my 
hopes to be able soon to publish these two memoirs from the 
original manuscript of so many years ago. 

The method was received with manifest distrust and disregard 
abroad ; and, as was but natural for so essential a deviation 
from former methods, very many grounds of criticism and objec- 
tion were brought up. One of the principal of these was the 
possible distortion of the collodion film, after receiving the im- 
pressions and before the measurements; but Mr. Rutherfurd 
speedily disposed of this point, at least so far as the albumenised 
plates are concerned ; and, moreover, the combination of mea- 
surements of the same stars derived from various plates will at 
once make manifest the degree of confi ence to which the 
several values and their wear are respectively entitled. 

A far more serious obstacle to accuracy is presented by the 
difficulty of obtain‘ng absolutely round images. Ivregularity of 
form in the dots formed by the stellar impressions is almost in- 
compatible with precision of measurement ; and, as the time of 
exposure must often be long, the chief problem was, not so much 
to obtain the images as to insure uniformity of motion in the 
telescope during the period of exposure. Not that the photo- 
graphic processes were not troublesome enough before the intro- 
duction of the dry-plate processes, for very great care and numer- 
ous precautions were often necessary to prevent the plates from 
drying too fast: but far the greatest difficulty consisted in obtain- 
ing sufficient precision in the clockwork and equatorial motion of 
the telescope. 

It may easily be imagined how great was my desire, when 
leaving home for South America, to extend this new method of 
observation to the southern hemisphere. But the obstacles 
encountered in the endeavour cannot be easily imagined. Upon 
these I will not enlarge here further than by saying that in 
Cordova also the attainment of circular dots for the star images 
offered incomparably the greatest of all the difficulties of a 
practical character. The time of exposure was limited by the 
maximum size allowable for the large stars, and, previous to 
1878, also by the drying of the plate, although exposures of 
twenty minutes were not unusual. Nevertheless, by dint of 
specially constructed governors and regulators, and by ceaseless 
attention, we did succeed in obtaining impressions which, to the 
unaided eye, appear absolutely round. 

This necessity of long-continued and minute uniformity in the 
motion of the telescope is, of course, largely diminished by the 
employment of instruments of large aperture, inasmuch as the 
necessary time of exposure is diminished in the same ratio in 
which the amount of light is increased. It is yet further and 
most notably diminished by the manifold greater sensitiveness of 
the dry gelatine plates. But notwithstanding all this, the attain- 
ment of round images, while almost indispensable for giving to 
stellar photography that increased accuracy to which it may lay 
claim as a means of research in practical astronomy, still 
demands especial care and precaution. 

The Argentine Government cordially afforded every assist- 
ance which I deemed it proper to ask for these investigations. 
And although the chief energies of the Cordova Observatory 
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were absorbed by those investigations for which the institution 
was established, I had the satisfaction of obtaining a sufficient 
number of stellar photographs to occupy not only my own life- 
time, but many more, in their measurement and proper compu- 
tation. 

We photographed no northern stars there except the Pleiades 
and the Presepe. Of the Pleiades I brought home sixteen 
plates, with two impressions of the whole group upon each, 
made in five different years, from 1872 to 1882, inclusive. 
Although the centre of the cluster never attains a greater alti- 
tude at Cordova than 34° 50’, some of the plates contain seventy 
stars. All but one of Bessel’s stars are there, which belong 
within the limits of the field, the missing one being of the mag- 
nitude 94, and there are yet other stars of the magnitudes 10, 
to}, and 11. Of the Praesepe there are five plates, and with a 
correspondingly increased number of stars. 

About seventy southern clusters have been repeatedly photo- 
graphed at Cordova, comprising all those of the southern hemi- 
sphere which seemed important, also somewhat more than a 
hundred double stars, being a sufficient number to serve as a 
good test of the method. The total number of photographs 
now on hand is somewhat less than 1300, only few having been 
preserved in which the images were not circular. 

Especial attention, however, was given for many years to 
taking frequent impressions, at the proper seasons, of four stars 
selected, on account of their large proper motion, as likely to 
manifest appreciable annual parallaxes. The refined and 
elaborate observations of Drs. Gill and Elkin, at Cape Town, 
have been made, computed, and published, while the Cordova 
photographs have lain untouched in their boxes. There is but 
one of my four stars, 8 Hydri, which is not included in their 
list. Still, it will be a matter of much interest to apply the 
photographic investigation to the same problem, even if for 
no other purpose than a comparison of the results of the two 
methods. 

I am convinced that the Cordova plates contain a large num- 
ber of stars as faint as the eleventh magnitude of Argelander’s 
scale, and believe that these are much the earliest photographs 
of stars fainter than Mr. Rutherfurd’s of 1865 and 1866. There 
are several plates, covering about a degree square, which cannot 
contain less than 550 stars, and I believe that some of them con- 
tain a greater number. Such are those of the cluster Lac. 4375 
and that near X Carine. 

The region in the vicinity of 4 Carinz, and that magnifi- 
cent tract in Sagittarius which is too densely sown with stars to 
be considered merely a portion of the Milky Way, and yet too 
large and undefined to be regarded simply as a cluster, were 
both of them taken several times, during the years 1875-82, 
in series of overlapping photographs, each containing about 
a :quare degree, and recorded upon a glass surface of 9 
by 12 centimetres. In their present form they are of course 
of small value for scientific use, inasmuch as the stars are 
too crowded for their configurations to be easily perceived ; 
and although these two series form, in fact, maps of considerable 
regions in the sky, still the record is of a very perishable nature, 
and of small avail for use by astronomers until it shall have been 
translated into an enduring and numerical form by micrometric 
measurement. 

In this connection I may say that one of the greatest of my 
present anxieties regarding the Cordova photographs arises 
from a discovery of the ease with which the collodion or gela- 
tine film may become detached from the glass. The Argentine 
Government has assigned a moderate sum for the prosecution of 
the measurements, and with this some progress has already been 
made. It is but right to add that the full amount was given for 
which I asked, Still, it is now quite inadequate, in consequence 
of the unfortunate depreciation of the national currency ; and, 
in the present financial crisis there, I cannot reasonably expect 
more. Yet this matter of prompt measurement appears to me 
at present much more important than it did while I was unaware 
of the facility with which the film can blister and peel. 
_ In 1883, after Mr. Common’s brilliant success in photograph- 
ing nebulas with his great 3-foot reflector, he proposed to me a 
joint arranzement for photographing the whole heavens. My 
work at Cordova was so near its close that it was out of the 
question to undertake anything new; but the immense labour 
requisite for the measurement of the plates would, under any 
circumstances, have tended to deter me. It is an undertaking 
demanding the joint energy, application, and material resources 
of a large number of persons, if the results are to be made avail- 

able for astronomical use ; indeed, I see no other astronomical 
value in the unmeasured photographs than the possibility of 
confirming at some future epoch the existence of relative motion 
previously detected or made probable by some other investi- 
gation, : 

Since then the process of photographic charting is said to 
have been systematically undertaken by the Brothers Henry at 
Paris. I have seen none of their plates; but their sharpness is 
highly spoken of, and the work appears to be prosecuted with 
much skill and very sensitive plates. There can of course be 
no question as to the value of any permanent record whatsoever, 
corresponding to a known date; yet I cannot feel that any 
essential advance is likely to be made in this way until the 
photographic record shall have been brought within the range 
of numerical expression, : 

The measurements of the Cordova photographs, thus far com- 
pleted, are those of the double stars, the four stars with large 
proper motion, of the Pleiades, of the Praesepe, and of the’ 
clusters Lac. 4375 and « Crucis. The corresponding com- | 
putations have been made, as yet, only for a portion of the 
Pleiades impressions, but I am hopeful of completing all these — 
at a comparatively early date. We shall then be able not only 
to compare the results with Bessel’s of forty-five years ago, but 
to test the deduced values of the proper motions by means of 
the photographic determinations of 1865 and 1866. Meanwhile, 
the valuable memoir of Wolf has been published, giving closely 
approximate positions for 571 stars of the group, and Dr. Elkin 
has recently been executing at New Haven a heliometric tri- 
angulation of the principal stars. Our photographic results will — 
haye to be confronted with his delicate heliometric ones; and, 
should they bear this test with tolerable success, it will be all 
that can reasonably be desired. B. A. GouLD 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

Pror. W. GryLts ADAMS, F.R.S., will deliver, at. King’s — 
College, London, a course of lectures on Electricity and Mag- 
netism and their applications to Electric Lighting, Transmis- 
sion of Power, &c., during the academical year 1886-87. A 
course of practical work in Electrical Testing and Measure-— 
ment with especial reference to Electrical Engineering will also 
be carried on under his direction in the Wheatstone Laboratory. 
In the Wheatstone Laboratory, which is open daily for re- 
search from I to 4, except on Saturdays, there are special 
courses of practical work for students preparing for the Science 
Examinations of the University of London. 

Ir is purposed to celebrate, in a befitting manner, from 
November 6 to 8 next, the 250th anniversary of the founding 
of Harvard University, Cambridge, Massachusetts. The Uni- 
versity was established on November 7, 1636, by an Act of the 
Colonial Levislature, and was named after John Harvard, who 
was a liberal benefactor of the new institution. Harvard is the 
oldest University in North America. The southern portion of 
the Continent possesses one many years older—the University — 
of St. Mark, at lima, founded in 1551 by the Emperor 
Charles V. . . 

SCIENTIFIC SERIALS 

Bulletin de ? Académie Royale de Belgique, July.—Modern 
kinetics and the dynamism of the future, by G. A. Hirn. The 
author replies to the arguments urged by M. Clausius against his 
view of the kinetic theory in its application to the resistance of 
gases. He continues to treat the question in connection with 
his peculiar spiritualistic opinions, and endeavours to overthrow 
the theory now generally accepted by physicists, because of the 
disastrous consequences which he supposes it would have on the 
progress of mankind.—On a class of conjugated polynomes, by 
J. Deruyts. This memoir, which is a further development of 
the author's previous researches, deals more especially with the 
important functions presented by certain polynomes in the | 
approximate calculation of definite integrals.—On the distribu- 
tion of the regenerate nerves, by C. Vauclair. In this paper 
the author deals with the peripheric distribution of the regenerate 
nerves compared with that of the primitive nervous system.— 
Essay on the origin of the Fraunhofer rays in relation to the 
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constitution of the sun, by Ch. Fievez. Given the high temper- 
ature, chemical composition, and slight mean density of the 
sun, its chemical elements cannot exist in the solid or fluid state, 
or even to any large extent in the condition of highly compressed 
vapours. Assuming, further, with most physicists, that the sun 
consists of a gaseous mass whose temperature increases from the 
circumference towards the centre, it is argued that the solar 
spectrum must be formed by the superposition of all the radia- 
tions of the chemical elements present in the sun. The luminous 
part of the spectrum would thus be constituted by the radiations 
of like vibratory period, and Fraunhofer lines by the radiations 
of unlike vibratory periods. From this it would follow that a 
chemical element might exist in the sun without being revealed 
by a dark line in the solar spectrum, 

Schriften der Physikalische-Okonomischen Gesellschaft 2u 
Konigsberg i/Pr., 1885.—Herr Fritsch here gives the result 
of a study of certain gaps in the pith of Coniferze, discovered by 
Prof. Caspary some years ago. In its middle course the pith of 
a year’s growth consists of elongated parenchyma, but at the 
end of the growth it presents cubic or egg-shaped cells in loose 
union. Those gaps the author finds in species of the genera 
Abies, Picea, and Larix, and in Cedrus Deodara. The last- 
named differs from the others in not having a partition of cross- 
lying cells through the pith, above the gaps. All Conifer 
with persistent bud scales have this, and some Coniferze ( 7 sega 
canadensis and Torreya nucifera) have it, and are without the 
gaps. Finally, the Junipereae, Podocarpez, Taxineze, and Pinus 
have neither. The gaps seem to arise through stretching of the 
wood-cells, and their size depends on the age and moisture of the 
stem and branches.—Herr Franz writes on the magnetism ob- 
served at the end of long iron well-tubes (200 and 250 m.) at 
Konigsberg, and of some railway lines. The attractive force 
was proportional to the distance (not its square), the magnetism 
being pretty equally distributed over a line several metres long. 
In one well, the horizontal component at I metre distance was 
as much as fifteen times that of the earth’s magnetism.—Herr 
Klien describes experiments in plant cultivation by the water- 
method (specifying the substances given in solution and their 
amount), and points out its advantage in study of the action of 
poisons, such as the sulphocyanite of ammonium occurring in 
ammonia superphosphate from gas manufacture, and spoiling 
that product for manure purposes.—A paper by Herr Scharlop 
appears to throw light on the production of some prehistoric 
urns in Prussia, from a mode of manufacture which has lately 
died out.—Dr. Tischler discusses the representations of weapons 
and costumes on old bronzes of the Hallstadt-Italian period. 

SOCIETIES AND ACADEMIES 

LoNDON 

Entomological Society, September 1.—Robert McLachlan, 
F.R.S., President, in the chair.—The following gentlemen were 
elected Fellows:—The Rev. Prof. Dickson, D.D., and Messrs. 
P. Cowell, A. O. Walker, and Lyddon Surrage.—The President 
remarked with regard to the gnats from the Kent Waterworks, 
exhibited at the last meeting, that Prof. Westwood had since 
informed Mr. Douglas that they were only Culex fipiens.—Mr. 
Slater exhibited certain parasites found on the body of a larva 
of Smerinthus tilie, which Mr. Waterhouse believed to be Uveo- 
pola vegetans, a species of Acari.—Mr. W. Warren exhibited 
Lupithecia fraxinata, E. innotata, a variety of Z. satyrata, a 
Gelechia ciught in Wicken Fen twenty years ago by Mr. Bond, 
and believed to be a new species, G. fumatella, G. vilella, 
Lithocolletis scabiosella, and Catoptria parvulana. Ue also 
exhibited larvae of Ge/echia vilella,-—Mr. South exhibited speci- 
mens of Dicrorampha distinctana, and stated that he considered 
it to be merely a local form of D. consortana, from which, in 
the larval stage, it could not be separated.—Mr. Stevens 
exhibited a living specimen of Clerus formicarius, recently found 
under the bark of an ash-tree in Arundel Park.—Mr, Billups 
exhibited Ciiysis sucetncta, Linn., taken by sweeping at Chob- 
ham on July 28 last; he also exhibited AZicrophysa elegantula, 
taken at Broadstairs in August last.—The Rev. W. W. Fowler 
exhibited, on behalf of Mr. Theodore Wood, a larva of Zange- 
landia anophthalma, a species new t “ritain.—Mr. H. Goss 
exhibited specimens of Oxygastra Cu acently taken near 
Christchurch, Hants. He stated tha ~d met with the 
species in the same locality in 1878, but na. ‘r seen it any- 

where else in the United Kingdom, nor was he aware of any 
recent record of its capture. Mr. McLachlan observed that the 
species was taken many years ago in Dorsetshire by the late Mr. 
Dale, but that he knew of no recent captures except those 

recorded by Mr. Goss. He also made some remarks as to the 
distribution of the species on the continent of Europe.—Mr. 
MeLachlan exhibited a specimen of Delay meridionalis taken by 
him in July last in the Pyrenees, also about 150 examples of 
the genus Chrysopa from the same district. Amongst them were 
C. vulgaris, perla, Walkert, viridana, tenella, prasina, flava, 
septempunctata, flavifrons, and others not yet fully identified. 
He also exhibited a few Coleoptera from the same district, and 
remarked on the extraordinary abundance of a pretty Lamelli- 
corn, which was so common as to give the meadows the appear- 
ance of being studded with multitudes of brilliant blue flowers. 
—Mr. C. O. Waterhouse called attention to the numerous 
reports which had lately appeared in the newspapers of the 
supposed occurrence of the Hessian Fly (Cectdomyia destructor) 
in Britain, and inquired whether any communication on the 
subject had reached the Society. The Rev. W. W. Fowler 
stated that he had been in communication with Miss Ormerod 
on the subject, and that she had informed him that neither the 
imago nor larva of the species had been seen, and that the 
identity of the species rested on the supposed discovery of the 
pupa.—Mr. A. H. Swinton communicated a paper entitled 
“The Dances of the Golden Swift.” In this paper the author 
expressed an opinion that the peculiar oscillating flight of the 
male of this and allied species had the effect of distributing 
certain odours for the purpose of attracting the females. 

PARIS 

Academy of Sciences, September 27.—M. Emile Blanchard 
in the chair.—Researches on the sugars, by M. Berthelot. The 
results are given of recent studies of some new principles obtained 
from the association of sugars with themselves, not by a stable 
combination of the class of sacchaio3> substances, but by a com- 
bination easily dissolved, analogous to that of the hydrates and 
alcoholates. The facts observed illustrate the difficulties so often 
met with in the preparation of the double salts. They supply a 
fresh proof of the special part played by the dissolvents in the 
extraction of immediate principles, for, according as water or 
alcohol is employed, melitose or raffinose may be obtained.— 
Conditions determining the rapidity of images in chrono- 
photography, by M, Marey. by the process here described, 
which is based on M. Chevreul’s method of obtaining a perfectly 
black ground, the author is enabled to reduce the time of pose 
for each image to the two-thousandth of a second, and hopes by 
further improved dispositions to reduce it still more. The new 
photographs show that this reduction of time greatly increases 
the delicacy of the images obtained by this process of chrono- 
photography.—Kinematic analysis of the locomotion of a horse, 
by M. Marey. In this paper are described and illustrated the 
movements of the fore-leg in the step, trot, and gallop. The 
tendency to economy of labour displayed in various degrees in 
the movements of all ‘‘animal machines” appears to attain the 
greatest perfection in the action of the horse, being, however, 
less evident in the trot and the gallop than in the slow 
pace.—Note on the removal of the Imperial Observatory of 
Rio de Janeiro to a new site, by M. Cruls. The new site, to 
which the Observatory will soon be removed, occupies about 40 
hectares (100 acres) of the Imperial Fazenda of Santa Cruz, the 
usufruct of which is granted by the Emperor for this purpose. 
The new Observatory will stand on the same parallel, and about 
2 metres to the west of the present establishment, and will be 
able to undertake observations both on atmospheric electricity 
and terrestrial magnetism much more successfully than was pos- 
sible in its old home.—On the transformation of algebraic sur- 
faces in themselves, and on a fundamental number in the theory of 
surfaces, by M. E. Picard. Having recently shown that surfaces 
capable of transformation in themselves by a birational substitu- 
tion, including two arbitrary parameters, are of the genus zero or 
one, the author now examines the case of a single parameter, 
which he finds leads to totally different conclusions.—On a new 
method of determining the coefficient of expansion for solids, by 
M. Robert Weber. If a solid body be suspended like a pen- 
dulum, its oscillations will depend upon its form, its mass, and 
the distance of its molecules from the axis of rotation. At two 
varying temperatures this distance varies, whence results a 
change in the oscillations, Hence for a given body there is a 
determined relation between its temperature, «, the coefficient 
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of expansion, a, its dimensions, ¢, and time of oscillation, ¢. 
The value of @ with these data may be calculated by 
the process here described, and in a future communication 
the author promises some values of coefficients of expansion 
determined by this method.—On the microscopic flora of 
sulphurous waters, by M. Louis Olivier. While prosecuting 
his researches on the reduction of the sulphates by living beings, 
the author has been led to the discovery of low organisms 
in sulphurous cold and thermal waters. ‘These organisms are 
found to be very active at very high temperatures, thriving and 
multiplying themselves in the hot springs of Des Q®ufs (Cau- 
terets), and elsewhere, at temperatures of from 46° to 50° C. 
Carefully collected and transplanted to an extract of beef, they 
continued to propagate at 65°, and even nearly to 70° C.—In- 
fluence of the organism of the guinea pig on the virulence of 
tuberculosis and scrofula, by M. S. Arloing. It results from 
several experiments that the virus of scrofula is not intensified 
by its presence for two generations in the guinea-pig. But the 
effect is different with true tuberculosis, which in its attenuated 
forms acquires by inoculation sufficient virulence to affect the 
rabbit, an animal otherwise so difficult to infect with this poison. 
—On the vascular system of the Echinide, by M. Henri 
Prouho, In reply to a statement recently made by M. Keehler, 
the author shows by numerous quotations that, except on two 
points, their views are not in accord on the vascular system of 
these organisms.—The earthquake of August 27, 1886, in 
Greece, by M. Léon Vidal. The paper contains a detailed 
account of the disturbances in various parts of the mainland and 
adjacent archipelagoes, from which it appears that the pheno- 
menon was due to a general cause situated somewhere to the 
south-west of the Island of Alphios, beyond the Strophades.— 
Remarks on achart representing the Granitic and Cretaceous 
formations of the Spanish Pyrenees, and their disposition in a 
series of oblique ridges, by M. F. Schrader. On this map, 
drawn to a scale of 1 : 200,000, the author gives the results of his 
own surveys in a deep colour, marking off the districts which 
he has not yet visited, and for which he has utilised the works 

of Dufrénoy and Elie de Beaumont.— Explanation of the 
solar spots and facule, by M. J. Delauney. ‘To explain these 
phenomena it is assumed that the sun consists of a very hot 
nucleus of metals in the fluid state wrapped in an atmosphere at 
a very high temperature and pressure, and formed almost entirely 
of hydrogen ; further, that the nucleus contains in solution a 
large quantity of gas derived from the atmosphere; that the 
atmospheric pressure is least at the poles and at the equator, 
with a maximum at low latitudes on either side of the equator ; 
lastly, that this atmosphere is subject to variations of pressure. 
The spots would then be caused by any atmospheric depression 
in any region of the solar surface, while the faculee would cor- 
respond to an inverse phenomenon, the atmospheric hydrogen 
being absorbed or dissolved by the nucleus under the influence of 
high pressures. The spots would be the result of a cyclone, the 
facula of an anti-cyclone, the former being accompanied by a 
diminution of heat employed to transport the hydrogen from the 
interior of the sun to and even beyond the atmosphere, while the 
latter represent a liberation of heat resulting from the precipita- 
tion of the hydrogen absorbed in the solar mass. 

STOCKHOLM 

Academy of Sciences, September 15.—A refutation of the 
remarks of Dr. Hoppe on the new theory of unipolar induction, 
by Prof. E. Edlund,—On the Salmonide of the Swedish State 
Museum with reference to a work recently published on them, 
by Prof. F. A, Smith.—On the new parts (15-17) of “f Algze 
aque dulcis exsiccatze quas distribuerunt,” V. Wittrock and 
O. Nordstedt, exhibited and commented upon by Prof. V. 
Wittrock. —Researches on the general Jupiter-perturbations of 
the asteroid Thetis, by Herr C. V. L. Charlier.—Some new de- 
velopments of the elliptic functions, by Prof. Hugo Gyldén.— 
On the habits of two Swedish species of the solitary wasps, by 
Prof, Chr. Aurivillius.—On a new nitro-naphthaline-sulphur- 
acid, by Prof, P. T. Cleve.—On glycolurite and acetylurea, by 
Prof. O, Widman.—On the products of oxidation of the ortho- 
nitrocumenolocryl-acid and its combinations, by the same.— 
New researches on the re-arrangements of the atoms in the 
propyl group, by the same.—On the curve of coincidence of the 
common algebraic differential equations of the first order, by 
Prof. C. F. E. Bjérling,—On the integration of the differential 
equations in the problem of the N-bodies, iii., by Prof. Dillner. 
—On the connection between the coefficients of expansion and 
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the coefficients of elasticity at different degrees of temperature, 
by Prof. G. R. Dahlander.—On the determination of sulphur 
and haloods in organic combinations, by Dr. P. Klason. 
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SCIENTIFIC WORTHIES 

XXIV.—JOHN CoucH ADAMS 

| DINOS ONS J. C. ADAMS, whose portrait we this 
day present to our readers, entered St. John’s Col- 

lege, Cambridge, in 1839. He soon gave promise of 

those great mathematical powers that have brought such 
renown to his University. He came out as Senior 
Wrangler in 1843, and the excellence of his answering 

is still a tradition at Cambridge. 

By what seems to have been an inspiration of genius, 
he was guided after taking his degree to concentrate his 

talents on the solution of an astronomical problem of 

excessive interest but of corresponding difficulty. The 
planet Uranus had shown irregularities in its motion. 
The orbit differed from the elliptic path which an undis- 
turbed planet would pursue, and the deviations could not 

be fully accounted for by the influences of the other 
known planets. The only explanation of the discrepancy 
which astronomers could be expected to favour lay in the 
supposition that there was some other still more remote 
planet yet unknown. 

It was the search for this unknown planet which 

attracted the distinguished Senior Wrangler. We can 
imagine the delight with which a well-equipped mathe- 
matician would throw himself into the solution of such a 

problem. On it he was to concentrate the powers that 
had been cultivated during his University career. 

The planet was to be sought for by the measured devia- 

tions of Uranus from its calculated positions. ‘Those who 
have ever had occasion to study the planetary theory are 

well aware of the difficulty and the laborious intricacy of 
the subject. To most of us it has seemed-a thorny and 
difficult problem when the planet is given to find the per- 
turbations. What are we to say of the difficulty of the 

converse problem, Given the perturbations and find the 
planet! This was the problem which Adams faced, and 
which, to his imperishable fame, he succeeded in solving. 

The story of this discovery is familiar to all, and the con- 

troversies that arose have long since diedaway. To each 

of the joint discoverers, Leverrier and Adams, the gold 
medal of the Royal Astronomical Society was presented on 
February 11, 1848. In his address on the occasion, Sir 
John Herschel, speaking of the two astronomers, says :— 

“MM. Leverrier and Mr. Adams—names which as genius 
and destiny have joined them, I shall by no means put 
asunder ; nor will they ever be pronounced apart so long 
as language shall celebrate the triumphs of Science in her 
sublimest walks. On the great discovery of Neptune, 
which may be said to have surpassed, by intelligible and 
legitimate means, the wildest pretensions of clairvoyance, 
it would now be quite superfluous for me to dilate. That 
glorious event and the steps which led to it, and the 
various lights in which it has been placed, are already 
familiar to every one having the least tincture of science, 
. . - I will only add that as there is not nor henceforth 
ever can be the slightest rivalry on the subject between 
these two illustrious men—as they have met as brothers, 
and as such will, I trust, ever regard each other—we have 
made, we could make, no distinction between them on this 
occasion. May they both long adorn and augment our 
science, and add to their own fame, already so high and so 
pure, by fresh achievements.” 

VOL. XXXIV.—No. 885 

The discovery of Neptune was a brilliant inauguration 
of the astronomical career of Adams. We cannot here 
enter into a detailed account of his numerous labours. 
There is an admirable account given of them up to the 

year 1866 in the address of Mr. De la Rue to the Royal 

Astronomical Society, when Adams was again the re- 
cipient of a gold medal. We find that he has worked at 
and written upon the theory of the motions of Biela’s 
comet ; he made important corrections to the theory of 
Saturn ; he made an elaborate investigation of the mass 

of Uranus, to which he was naturally attracted from its 
importance in the theory of Neptune ; he has improved 

the methods of computing the orbits of double stars: but 
next to the discovery of Neptune the fame of Adams 
mainly rests on his researches on the moon and on the 

theory of the November meteors. To each of these sub- 

jects we must devote some attention. 

In the Pfz?. Trans., vol. cxliii. part iii. p. 397, his paper 
was published “on the secular variation of the moon’s 

mean motion.” This memoir originated a long contro- 

versy, in which the ablest mathematicians have par- 
ticipated. 

The “ secular acceleration of the moon’s mean motion ” 
is the phrase which denotes a gradual but excessively 
slow diminution in the moon’s periodic time. Although 
the amount of this diminution is very minute, yet the fact 

that it always tended in the same direction rendered the 

amount accumulative, so as to become very perceptible 
im the succession of ages. The explanation of the acce- 

leration formed a problem on which the great mathe- 
maticians at the close of the last century exercised their 
powers, and at length the explanation was given by 
Laplace. He found that, when the analytical expression 

for the moon’s mean motion was developed, it contained 

certain terms depending upon the eccentricity of the 
earth’s orbit. This eccentricity varies in consequence of 

the planetary perturbations, and hence the changes of the 
moon’s mean motion. Laplace calculated the amount, 

and deduced, or thought he had deduced, a correspond- 
ence between the observed value and the calculated 
value. The high authority of Laplace, and the brilliant 

success of his efforts to explain other perturbations in our 
system, led to an acquiescence in his results, and the 
great problem of the secular acceleration was believed to 

have been solved. 
In Mr. Adams’s paper he joined issue with Laplace. 

The question was fortunately one which did not involve 

any real element of uncertainty. It was a problem in 

mathematics, or rather dynamics—difficult no doubt, but 
not really open to any ambiguity. Prof. Adams showed 
that Laplace had only considered a part of the disturbing 
influence, and when the true amount was determined, 

it came out to be only about one-half that found 
by Laplace. So serious a charge received the careful 

consideration which it merited. Several leading mathe- 
maticians impugned the calculations of Adams, but 
he was able to vindicate his theory at every point, and 
finally the correctness of his calculations was verified in 

one manner by M. Delaunay, and in another by Prof. 
Cayley. The importance of this result is not to be esti- 
niated merely by its value as a correction to Laplace. 

The author of the ‘‘ Mécanique Céleste,” like other 
writers, makes errors in his work. Numerous errors have 

BB 
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been detected by Laplace’s commentators, but the secu- 
lar acceleration occupies quite a distinct position. It 
must be remembered that the calculations of Laplace 
appeared to render a physical explanation of a remark- 
able phenomenon. But when this calculation was shown 
to be seriously wrong, it followed that the cause of the 

secular acceleration conjectured by Laplace was inade- 
quate to explain the observed facts. The labours of Adams 
thus reopened the breach between the observations and the 
theory. The variations in the eccentricity of the earth’s 
orbit will account for part of the secular acceleration. The 

other part has to be accounted for in a different way. 
The theory of the tides seems to offer an explanation of the 
discrepancy. Owing to their incessant action the period 

of the diurnal rotation has been slightly elongated, and 

this effect, when duly taken account of, seems to remove 

the margin between the theoretical and observed values 
of the secular acceleration. This margin has indeed a 

singular interest in the recent theory of tidal evolution, 

inasmuch as it affords us the only measurable indication | 
we have of the effect of tides on the earth’s rotation. 

The splendid shower of shooting-stars that occurred | 
in November 1866 fixed the attention of astronomers on 

every part of the theory of these bodies. We were thus 

taught much concerning them, but for one of the most 
recondite parts of their theory we are indebted to the | 

It had been known that the | labours of Prof. Adams. 

great displays of the Leonids (for so these shooting-stars 
are called) take place every thirty-three years. From the 
year 902 down to the year 1866 many of the successive 
thirty-three-year periods witnessed the great shower, and 

records of a considerable number have been handed 
down to us, 

These minute bodies must revolve around the sun, each 

pursuing its orbit in accordance with the laws of Kepler. 
It became of interest to find the size and shape of this 

orbit, as well as its position. Certain features of the 
orbit are readily determined. The recurrence of the 
shower on a particular day of the year gives one point in 
the path of the meteors. The direction of the radiant 

gives a tangent tothat path, and therefore its plane. The 
sun, of course, lies at the focus, and only a single further 
element—the periodic time—is requisite to complete 
our knowledge of the orbit. We are indebted to Prof. H. 

Newton, of Yale, for his careful discus sion of this subject. 

He had shown that the choice of possible orbits was 

limited to five. There was first the great oval orbit, in 

which we now know the meteors do revolve every 33} 

years. There was next a nearly circular orbit, with a 

periodic time a little more than a year; another similar 
orbit, in which the periodic time would be a few days 
short of a year; and there were also two other smaller 
orbits. Prof. Newton had also indicated a method by 
which it would be possible to discriminate the true orbit 
as one of these five. The mathematical difficulties of 

this method were no doubt great, but they did not baffle 
Prof. Adams. 

In the Monthly Notices for April 1867, p. 247, will be 

found the paper in which he announced his solution of 
the problem. The orbit of the meteors is not fixed, but 
every time the great swarm comes round, the node is 

found to be 29’ further on in the direction of motion. The 

effect of thisis shown in the gradual alteration of the date 

of recurrence of the shower. The only influence known 
to us which could account for this change of the plane, is 
the attraction of the other planets. The problem, then, 
may be placed in this shape. A certain specific amount 

of change ofthe node takes place. The theoretical change 
can be computed for all the five different orbits, and 
Prof. Adams undertook to find it. The difficulty prin- 

cipally arises from the high eccentricities of some of the 
orbits, which rendered the more familiar methods of 

calculation inapplicable. After many months of labour, 
Prof. Adams, aided by his assistants in the Cambridge 

| Observatory, completed his work. He showed that if the 

meteors revolved in the large orbit with the periodic time 
of 33+ years, the perturbations of Jupiter would account 

for a change to the extent of 20’. The attraction of 

Saturn would augment this by 7’, and Uranus would add 
1’, the effect of the earth and the other planets being in- 

sensible. The joint effect is thus 25’, which may be 
regarded as practically coincident with the observed value 

determined by Prof. Newton. The great orbit was thus a 
possible path for the meteors, but to complete his dis- 

covery Adams had to show that neither of the other four 
orbits could experience the same perturbation. This, too, 

he succeeded in demonstrating: he showed that in no 
one of the other orbits could the change exceed 12’. Thus 

the orbit of the Leonids was discovered. 

Those tremendous powers of calculation which have 

been exercised on the heavenly bodies with such signal 
results have also been occasionally applied in various 

other directions. The discoverer of Neptune has found 
relaxation from the labours of physical astronomy by little 
calculations on which we must gaze with astonishment. He 
has had the curiosity to compute the sums of the recipro- 

cals of the first thousand numbers to 260 places of deci- 

mals. We have such confidence in the accuracy of Prof. 

Adams that we have not thought it necessary to repeat 

this calculation! He has also taken the trouble to 
calculate thirty-one of Bernouilli’s numbers beyond the 

point that previous calculators had attained, and he has 

expressed each of them both as vulgar fractions and as 
decimals, The sixty-second Bernouilli, the last computed 
by Adams, runs to 11! places, where fortunately for 

astronomy the appearance of a recurring figure has ter- 

minated this inquiry. 
Need it be added that on Prof. Adams every honour 

which science can bestow has been conferred. We have 
| now the pleasure of enriching our list of Scientific 
Worthies by the addition of his portrait. Ro Sahs 

Catalogue of the Birds in the British Museum. Vol. 
XI. Fringilliformes : Part II]. Containing the Families 
Cerebide, Tanagride, and I[cteride. By Philip Lutley 

Sclater. (London: Printed by order of the Trustees. 

1886.) 

R. GUNTHER and the authorities of the Natural 
History Department of the British Museum are to 

be congratulated, first, on having sought, and next on 

having secured, the services of Mr. Sclater for the execu- 
tion of the eleventh volume of their “Catalogue of 

Birds.” The principal group of which it treats is one 
that has been, for five-and-thirty years or more, the 

es 
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favourite subject of his study, and indeed there are people 
who hardly hesitate to assert that the final cause of the 

existence of the family Zaagrid@ must have been to find 
occupation for that gentleman’s ingenuity in discriminat- 

ing, describing, and disposing its members. 
In consequence of this the present volume of this 

“Catalogue” appears as a finished piece of work. What- 
ever may have been the faults of the plan on which the 
whole was designed, here its defects are reduced to a 

minimum, so that few are made manifest. The relation- 

ship of the Cewredide to the Tanagride is outwardly 
pretty close, and there is as yet no indication that future 
research into their inward structure is likely to separate 
them more widely, though in the existing state of ornitho- 
tomical study it would not be safe to say more. 
Granting, then, as Mr. Sclater considers, that the former 
of these families is so nearly allied to the latter that “it is 

indeed somewhat difficult to separate them by external 
characters,” the comprehension of these two groups in 

one and the same volume is a very natural proceeding. As 
regards the third family, /cfexzd@, associated with them 

on the present occasion, opinions may reasonably differ. 

Mr. Sclater confesses himself open to doubt on this point; 

and, if he does so, a slight amount of agnosticism may be 

pardoned in others who know not one-half so much about 
them as he does. Possibly if he had referred to some 

remarks of Prof. Parker’s (Zrams. Zool. Soc., x., pp. 266, 
267) on the relations of this group, the matter might have 

seemed to him a little clearer. Mr. Sclater’s belief is 
that, since these birds “ present many points of alliance 
with” the Sturnid@, z.e. the true Starlings of the Old 
World, it would therefore be better “to place them afer 

the Fringillide.” Now the multitude of “points of 
alliance” is perhaps rather apparent than real, and though 

Prof. Parker considers (doc. cit.) that the /ceterxid@ and 

Sturnide cannot be “ considered to be unrelated,” he also 

shows that the former have nearer allies in their own part 
of the world. But this by the way. It is more important 
to inquire in what sense the word “a/ver” is used by Mr. 

Sclater in the passage just quoted. We may be sure that 
he does not entertain a notion of the possibility of 
deploying any part even of the animal kingdom in a 
straight line, as was of old time thought not only 

possible but expedient; for such a notion would be 
completely at variance with the doctrine of evolution, 
which he of course holds. If the word “after” is 
merely intended to refer to the purely arbitrary arrange- 
ment followed, or to be followed, in the “ Catalogue,” it 
signifies nothing, and we have no cause to complain. 

Again, if “after” is to be understood in the sense of 
“inferior to,” then we should wholly agree with him. But 

if the procession of forms be contrariwise arranged—- 
there being no evidence in this volume to show whether 
this is so or not—and by the word “after” a later and 

consequently higher or more specialised type be indi- 
cated, then we should, with all deference, beg leave to 

demur to the supposition. Whatever be the rank and 
proper place among the true Passeres of the /ringtllide— 
and Dr. Stejneger has lately propounded the view that 
theirs is the highest—the fact should always be remem- 
bered that the so-called /77ugz//id@ of many systematists 

certainly contain at least two groups, which in their 
more advanced stages can, so Prof. Parker tells us, be 

always discriminated. These two groups are the Finches 

proper and the Buntings, which last several taxonomers 

have recognised as forming a family, Emderizide, equal 
in value to the restricted Fringiliide. Now Prof. Parker 
has shown that jit is to the Ayderizide rather than to 

these Fyréugillide that the /cteride are allied, and it 

therefore becomes important to determine the limits of 

the Emberizide, which, owing to the want of anatomical 
or morphological research, is admittedly hitherto a matter 

of guesswork. In regard to those members. of the 
former which belong to the Cld World, or are common 

to it and to the New World, no difficulty has as yet pre- 

sented itself. It is in the New World alone that the 
doubtful forms exist ; but even of some genera peculiarly 

American—P/rygilus, for example, as proved by Prof. 
Parker—indication is not wanting ; and if we might hazard 

a supposition on the subject, it would seem on several 

grounds more likely that a closer alliance should be shown 
to exist between the /cfexide and the Emdbertzide@ than 

between the latter and the true /7ingzllide. 

From what has been submitted in the foregoing sen- 

tences, those who can “read between the lines” may 
perceive that underneath the points just touched upon is 
a question of much greater significance than is ordinarily 
presented by matters of mere taxonomy —especially of the 

taxonomy of a group of birds so homogeneous as are the 

Passeres. tis undeniable that the American forms of 
this multitudinous and confessedly highest group of birds 

(with the exception of those which, being so closely re- 
lated to the Old-World forms may be not unreasonably 

supposed to be their derivatives) show a great preponder- 

ance of the weaker and, morphologically speaking, lower 

types. It isin the New World, and especially in South 
America, that we find all the Zracheophone and a major- 
ity of the different groups of O/igomyodi.!. We can hardly 

doubt that these are as nearly autochthonous as any 

groups which now exist; that is to say, they had their 
origin on land which is now represented by the American 

continent. Though analogy is often a deceitful guide, it 
does not seem irrational to urge the same of the Osczmes. 

Among them it is certain that not one of the three 
families which different systematists have selected for 
the post of leader is strongly represented in the New 
World—two of them, the Corvide and Fringillide (if we 

exclude the presumed Eyzberizid@), very poorly indeed ; 
while the remaining family, Zwrdéd@, cannot number, 

even at a very high estimate, one-third of its members as 
American. The meaning of these considerations will 
become plainer if we substitute for the expression 
“weaker and lower types” its justifiably equivalent 
rendering, that of “older and more generalised types.” 

Then we shall see the important signification cf the 
alliance we have supposed to exist between the Jcterzde 
and the Evderizide ; and, moreover, a reasonable means 

of accounting for the remoter relationship, recognised by 
Mr. Sclater (Introd., p. viii.), between the Zazagride and 

the Fringillide on the one hand, and the Cwred¢d@ and 
Mniotiltide on the other, is provided. This result, we 
trust, will serve to excuse these remarks, which might 

otherwise appear to be irrelevant; and, speculative as 

1 To attempt here to account for the distribution of the non-American 
families of this group—Pittide, Philepittida, Eurylemide, and Acanthe- 
sittide—would lead us far beyond the limits of our present subject. 



568 NATURE [ Océ. 14, 1886 

they are, it must not for a moment be imagined that we 

think the introduction of anything like them was needed 

or would have been expedient in such a volume as that 

now under notice. A reviewer may take liberties that 
are denied to an author. 

But now to return to our proper business. In his 

treatment of the subject Mr. Sclater, as might be expected, 
shows himself its master; not but that there are a few 

points—and one of them we have indicated—on which he 
owns himself doubtful. This is no drawback, for such there 

are, and long will be, in every matter of this kind. One 

great merit, in our eyes at least, is that he steadily treads 

the old high-road which has conducted its passengers 
to so many great achievements, and refuses to follow 

the bewildering by-paths, of late so much vaunted by 

various writers, that are eventually found to mislead the 
unwary or inexpert traveller into bottomless bogs. A 
plain view of things is taken, and one that is suggested 

no less by eminent knowledge than by common-sense. 

There is no attempt to regenerate a fallen world of 
science within the narrow limits of a catalogue, or to 
make the catalogue of a single museum, however great 

its wealth, pass for a monograph. From the beginning 
of the volume to its end there does not appear the trace 

of a wish to indulge—may we be pardoned the word ?— 

a “fad”; not even in the frivolous matter of nomen- 

clature, a rock on which all novices are sure to strike, and 
often to split’ The various “keys” with which every 
group is provided seen always to fit and to turn easily in 

their locks—not, indeed, a surprising fact, since Mr. 
Sclater, if not the inventor, has long been one of the 

most skilful handlers of this convenient differentiating 
instrument, so useful when manufactured by an adept, 

and so useless when turned out by a tiro, who not seldom 

contrives, in the course of a few lines, so to complicate 

his conditions (of his own choosing, be it remembered) 

as to render them characterless, if not contradictory. To 
sum up, it may be said that, supposing the plan of the 
British Museum “ Catalogue of Birds” to have been well 

laid, Mr. Sclater has shown how it may be well executed. 

THE VITAL STATISTICS OF GLASGOW 

The Vital Statistics of the City of Glasgow. Part II. 

The Districts of Glasgow. By James B. Russell, M.D., 
LL.D., Medical Officer of Health. 

Ee this Report Dr. Russell presents us with the vital 
statistics of the city of Glasgow and its districts for 

1880, 1881, and 1882, and with some comments on, and 

inferences to be drawn from, the facts enumerated. Some 

years ago an Improvement Trust scheme for the sanitary 

reformation of the houses of the people was elaborated 
and put into operation. This scheme has achieved “a 
summary revolution in the worst parts of the city,” not 
apparently before it was wanted, for Dr. Russell shows 

* Indeed, we think we should have ground for complaining that Mr. 
Sclater has not made one nomenclatural change. He is of course as well 
aware as any one that the idea of a generic type never occurred to Linnzus, 
though it was ever present with Brisson. Nevertheless, modern specialists 
are required to find a type for every Linnzean genus; and, despite the almost 
universal practice, the type of Tanagra (which is only Brisson’s Tangara 
with a modified spelling) is clearly 7. ¢atao. Moreover, the generic term 
Calliste, used by Mr. Sclater for that species and’ its congeners, is 
but questionably admissible from its prior application by Poli (‘* Test. 
utr. Sicilia,” i. p. 30)—in a different dialectical form (Cadlista), it is true ; 
but the Goddess of Wisdom may be called to witness that her name, whether 
written Athene or Athen, is one and the same ; while we ask her pardon 
and that of our readers for drawing attention to such a trifle. 

that some of the districts of Glasgow—notably that known 

as Bridgegate and Wynds—do not compare favourably 
even with the worst slums of London or Liverpool. 
Bridgegate and Wynds had a death-rate for 1880, 1881, 
and 1882, of 38°3 per thousand, a birth-rate of 37°1 per 

1000, a death-rate under one year per 1000 born of 206, and 
a death-rate from consumption and acute diseases of the 
lungs of 16°75—this figure alone being higher even than 
the total death-rate of many English towns. Much of 
this district has been improved off the face of the earth— 
the population in 1881 was 7798, in 1871 14,294—still the 

houses that are left “are radically bad, and total demolition 
and destruction is the only remedy.” It is such districts 

as these that have, as Dr. Russell remarks, “been the 
heartbreak of successive generations of Glasgow philan- 

thropists.” The death-rate of the city of Glasgow, as a 
whole, for 1880, 1881, and 1882, was 25°2 per 1000, with a 
birth-rate of 37°3 per 1000; although considerably less 
healthy than London, Glasgow compares favourably with 

Dublin, and stands on about the same level as Liverpool 
and Manchester. The death-rates of the different 
districts of the city in 1871-72—prior to the im- 

provement schemes—are compared with those in 1880, 
1881, and 1882, subsequent to the carrying out of 

many improvements in unhealthy areas by demoli- 

tion and reconstruction. The comparison shows that 
in all the districts the general death-rate and the death- 
rate under five years (with one exception) were much 

lower in the latter period than in the former. “ This 
result,” Dr. Russell remarks, “is important, as proving 

that the displacement of the inhabitants of the central 
parts of the city has not deteriorated the health of the 

districts into which they have removed. It was proved 
by special investigation that the people whose wretched 

houses were demolished by the Improvement Trust dis- 

tributed themselves over the city. It is often said that 

the habits of these people are such that, go where they 

please, they will not be the better of the change. It is 
evident, however, that they found physical conditions so 

much more conducive to health that, whether or not their 

habits have been improved, undoubtedly their health has 

been, in their new residences. The moral is to persevere 

in the destruction or improvement of the houses of the 

people. The certain result is to improve their health.” 

The influence of overcrowding on mortality, and the 
connection subsisting between overcrowding and an Irish 
population are well shown in the contrast between two 
of the districts. Blythswood is remarkable as having the 
lowest proportion of inmates per inhabited room, the 
largest proportion of large-sized houses, the lowest death- 

rate, the lowest birth-rate, the lowest mortality under 
five years, the lowest proportion of deaths under one year 

per 1000 born, and the lowest proportion of Irish-born of 
any district in Glasgow. Bridgegate and Wynds, on the 

other hand, has the largest proportion of inmates per 

inhabited room, the largest proportion, save one, of one-’* 
apartment houses, the highest death-rate over all, the 
highest death-rate under five years, the largest proportion 

of deaths under one year per 1000 born, and the highest 
percentage of Irish-born inhabitants. And in general, 
Dr. Russell states it to be a fact “that a district which 
has houses occupied aéove the standard number of per- 
sons per room (¢.e, above the mean number of the whole 
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city), has a general death-rate aéove the standard death- 
rate of the city, an infantile death-rate adove the standard 
infantile death-rate of the city, and especially that the 

fatality of those diseases which are directly related to 
overcrowding or deficiency of breathing-space—viz. 
diseases of the lungs and infectious diseases—is in excess 

in those districts.” 
Dr. Russell also discusses such subjects as the per- 

centage of uncertified deaths, and the insurance of lives 

in friendly societies, the relations of legitimacy and 

illegitimacy to certification and insurance, and their 

bearings on the social conditions of poor populations— 
subjects of great interest to philanthropists and sanitary 
reformers, as indicating the instincts and habits of so 
large a mass of our poor populations. The rest of Dr. 
Russell’s Report is of more purely local interest ; but 
enough has been said to show that Glasgow, if it has 
been in want of sanitary reform, has not been behind- 
hand in what may be described as one of the greatest 
works of the age, and that philanthropy in this case has 

met with its due reward in the vast improvements effected 

in the social condition of the people. 

THE FRESH-WATER FISHES OF EUROPE 

The Fresh-Water Fishes of Europe. A History of their 
Genera, Species, Structure, Habits, and Distribution. 

By H. G. Seeley, F.R.S., &c. With 214 Illustrations. 
8vo. Pp. vi. and 444. (London, Paris, New York, and 
Melbourne: Cassell and Co., 1886.) 

A WORK containing an original, exhaustive, and 
critical account of the fresh-water fishes of Europe, 

such as might bear the title heading thisnotice, would bean 

undertaking which would require on the part of the author 
a thorough acquaintance with ichthyology, considerable 

experience with the method of ichthyological research, an 
autoptical examination of many of the types preserved in 
the various European museums, and, finally, the forma- 

tion of a collection more complete than the combined 

series of European fresh-water fishes in the museums of 
London, Paris, Vienna, Berlin, and St. Petersburg; in 
fact,an undertaking that would occupy the greater portion 

of a life-time, and stand as a monument of which any 
naturalist might be proud. 

We have too high an opinion of Prof. Seeley’s abilities 
to doubt fora moment that he might have produced a 

standard work of this nature, if he had chosen to devote 
the requisite time and labour to it. But what he has 
really accomplished is merely a compilation from the 

standard works mentioned in his preface, without the 
addition of any new facts or observations, and without 
any attempt at such a critical treatment of the subject 
as might be expected from an author acquainted with the 
objects described. His book, in fact, might have been 

compiled in the author’s own library or in that of the 
British Museum without his looking at a single fish. The 
illustrations are no less wanting in originality ; with the 
exception of half-a-dozen anatomical figures familiar to 
every ichthyologist, the remaining 208 are simply borrowed 
from Heckel and Kner, “ Siisswasserfische der 6streich- 
ischen Monarchie” ; and consequently no fish peculiar to 
any other part of Europe or absent from the Austrian 
fauna is represented in the book. It should be remem- 

bered, however, that at the date of their publication 
(1858) the two Austrian ichthyologists above named were 

enabled to include in their fish-fauna a number of the 
species of Northern Italy. We think that the source 
whence the illustrations were taken should have been 

stated in the preface. 
As regards the usefulness of the book, there cannot be 

any doubt that a handy book on the fresh-water fishes of 
Europe was a great desideratum. A glance at the natural- 
history columns of the Feld, Land and Water, and other 

weekly papers shows the great number of travellers on 

the Continent who seek for information about fresh-water 
fishes which are strange to them, and to whom the 

original works wherein they could find it are either un- 
known or unintelligible. For this large class of the non- 

scientific public Prof. Seeley has supplied a real want and 
a useful book of reference, the utility of which would 

have been much greater could he have induced his 
publishers to go to the expense of figuring other fishes 

besides those found in Austria ; and we cordially join him 
in the hope “that the fabric of the work will give a new 
interest to the fishes of our own country, and may influ- 

ence British peoples to a thrifty cultivation of the roving 
wealth which swims, little heeded, in our forms of fresh- 

water fish life.” 

OUR BOOK SHELF 

Papers in Inorganic Chemistry. Part I. Non-Metals. 
Part II. Non-Metals and Metals. By George E. R. 
Ellis, F.C.S. (London: Rivingtons, 1886.) 

THIS is a collection of examination questions arranged 
progressively, and is intended for the use of science 
teachers and students. The idea is a good one, and we 
have no hesitation in saying that the book will be 
appreciated by those for whose benefit it has been com- 
piled. Although we are far from approving of the present 
mania for examinations, we agree with the author that 
the conscientious answering of well-selected questions is 
of great advantage to the student. It not only tests his 
knowledge gained from text-books and from lectures, but 
it renders it more accurate and permanent. 

The solution of chemical problems is generally a weak 
point with beginners, and we are glad to see a fair pro- 
portion of such problems in Mr. Ellis’s book. There are, 
however, a few arithmetical questions which appear a 
little out of place in papers in inorganic chemistry. On 
p. 6, for instance, there is one on the tonnage of the s.s. 
Oregon, and others may be found on pp. 10, 12, 30, &c. 

EERE SS DOL LL, PDE LOR 

[Zhe Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel Sacts.) 

Our Guns 

Your article on the above (p. 517) induces me to repeat an 
appeal which I made ten years ago in a paper on ‘‘ Explosive 
Compounds,” contributed to Stanford’s “‘ British Manufacturing 
Industries.” I there pointed out the enormous discrepancy 
between the results obtained in the testing of the pressure 
exerted by the explosion of gunpowder by the Government 
Committee on Explosives and those of Count Rumford 
made in 1793, and described in his essay on “The Force of 
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Fired Gunpowder” (published in London, 1802, and recently 
reprinted, with his other essays, in America). 

Our Government official experiments give a pressure per square 
inch varying from 15°4 to 28°1 tons per square inch, the latter 
obtained in the 81-ton gun. Rumford’s maximum was 277 tons, 
as shown by overcoming the tested tenacity of metal that the 
powder tore asunder ; or 73 tons, as indicated by the lifting of a 
weight by the explosive energy. 

As I explained in the paper above named, the tearing test is 
fallacious as a theoretical measure of the force exerted, because 
the tenacity of the metal was tested by Rumford, as it still is by 
others, in most cases, by a gradually-applied strain, which should 
not be compared with a vibratory shock. As a measure of the 
practical bursting possibilities of gunpowder upon metal of given 
thickness and tenacity, as usually measured, Rumford’s figures 
are directly applicable, though allowance must be made for the 
relief afforded by the movement of the shot in a gun. 

My appeal was for a repetition of Rumford’s experiments by 
those who are responsible to the nation for these very serious 
matters, and for a reconsideration of the reliability of the method 
of testing by the ‘‘ Rodman” and ‘‘ Crusher” gauges, which 
have supplied such very different results from those of Rumford. 
My reasons for believing Rumford’s experiments to be more 
reliable than those of the Committee were stated as follows, and 
I still maintain their cogency :— 

“*(1) The resistance to be overcome, and by which the force 
was measured, viz. the gravitation of a known weight, was by 
far more definite and measurable than the degree of indentation 
or compression of a cylinder of copper, which serves as the 
measure of force in the Rodman and Crusher gauges. 

‘*(2) In Rumford’s arrangement the force of the explosion was 
more directly applied to the resistance by which it was measured 
than in the official experiments, where the shock of the explo- 
sion was first communicated to a solid piston 1 inch in length, 
and by this transferred to the copper cylinder of the Crusher 
gauge cr the knife of the Rodman gauge. By this arrangement 
much of the force is expended upon interne] work in the inter- 
vening piston, producing mechan‘cal vibration of its substance, 
and a returning wave of elastic compression, which would have 
no measurable effect on the gauge. Besides this, another por- 
tion of the force compressing the piston must be converted from 
mechanical motion into heat motion. 

“ Tf any reader supposes that I am hypercriticai in making this 
objection, let him try the following experiment. Take a block 
of iron—a common 1 Ib, weight, for example—place it on the 
hand, and the land upon a table ; then strike the weight smartly 
with a carpenter’s hammer. 

be struck upon the weight thus resting entirely upon the hand, 
and will scarcely be felt, provided the blows are dealt suddenly 
and smartly. The mountebank’s exploit of breaking a great 
stone upon a man’s bare breast, the common method of reducing 
the dimensions of geological specimens by holding them in the 
hand and cracking with a hammer, and the experiment of shoot- 
ing a bullet through a swinging door without moving it on its 
hinges, are familiar illustrations of this principle, which appears 
to have been overlooked in these official researches. 

‘* The complete absence of windage in Rumford’s arrangement, 
by exploding in a perfectly closed chamber, is a third advantage. 
I therefore regard Rumford’s experiments as the best that have 
yet been made on this interesting subject, although, as he himself 
admits, they are by no means free from error.” 

W. MATTIEU WILLIAMS 

Photographs of Stellar Spectra 

THE article upon this subject in NATURE, vol. xxxiv. p. 439, 
requires a correction which has been pointed out by Dr. Cope- 
land. The spectrum of the star DM. + 37° 3821 was observed 
by him on September 22, 1884, and found to contain bright 
lines ; the observation was published in the AZozthly Notices for 
December 1884, but was overlooked at the time when the article 
above mentioned was prepared. 

A similar correction, pointed out by Dr. Huggins, is required 
in the “‘ Investigation in Stellar Photography” by the present 
writer, published in vol. xi. of the ‘‘ Memoirs of the American 
Academy of Arts and Sciences.” On p. 208 the method of 
observing stellar spectra by means of a prism placed before the 
object-glass of a telescope is ascribed to Secchi. In fact, it had 
previously been employed by Fraunhofer. 

Epwarb C. PICKERING 

It will be found that blows which | 
would fearfully mutilate the hand if directly applied to it, may | 

The Late American Earthquake and its Limits 

IN your very flattering critique of my ‘‘ Alphabetical Cata- 
logue of European Earthquakes” the reviewer says :—‘‘ The 
tendency to alignment in volcanoes has often been noticed ; 
Prof. O'Reilly indicates a similar peculiarity in earthquakes, 
adding that the lines along which they range approximate to 
great circles. This inference or suspicion can be verified only 
by detailed charting.” Judging from the facts published up to 
the present relative to recent earthquakes of America and 
Europe, I think some such verification has been furnished by 
them. At the Exhibition of Scientific Apparatus held at South 
Kensington in 1877, I exhibited a globe mounted so as to allow 
of great circles being easily traced through points on the sur- 
face. Several coast-line great circles were shown thereon, 
amongst them that of the southern boundary of the Tertiary 
formation in the United States. It was also marked on the 
sketch earthquake-map of Europe exhibited before the Section 
of Geology of the British Association at their Swansea meeting 
of 1882, and on other maps, such as the earthquake map of the 
British Islands ; and yet no leading fact went to prove that any 
particular significance should be attached to this great circle. 
The earthquakes of August 27 and 28 in the United States have 
furnished, in my opinion, some proofs of this significance. The 
following are the places through which this great circle passes :— 
Victoria Fort, on coast of Gulf of Mexico ; Cairo (Ill.) ; axis of 
Lake Erie; Lake Ontario; River St. Lawrence (parallel to); New 
Brunswick coast of River St. Lawrence ; Labrador, south coast ; 
York Point and Straits of Belle Isle ; Ireland, Shannon mouth ; 
Wales, south coast of ; St. Bride’s Bay ; Mendip Hills ; South- 
ampton; Dieppe, north of; Chalons; Basle, north-east coast 
of Zurich Lake; Coire; Trent; Venice; Dalmatian coast ; 
south-west coast of Isola Longa; Mount Olympus; Skyro 
Island; Syrian coast, head of Akaba Gulf; Arabia, Mount 
Seiban, Wady Maifa; Cape Guardafui; Pacific Ocean, 
Paumota Group; coast of Mexico, near Cape Corrientes ; 
Zacatecas territory. 

According to Major Powell’s telegram, the origin of the 
earthquake was along a line of post-Quaternary dislocations 
on the eastern flank of the Appalachian Chain, especially 
where it crosses North Carolina. The great circle just de- 
scribed passes more inland than that mentioned by Major 
Powell, and was taken, as regards position, from the geological 
map of the United States, by C. H. Hitchcock and W. P. 
Blake, 1873, but it is parallel to the line limiting the Tertiary 
formation which crosses North Carolina, and which is probably 
also the seat of the post-Quaternary disturbance referred to. 
The great circle in question traverses the area of disturbance 
between Kennett (Ark ) and Buffalo (on Lake Erie). On the 
European side the following places lie near its direction. The 
Bristol coal-fields, where an explosion of fire-damp took place 
lately, about the time of the earthquake ; the English Channel, 
lat. N. 50° 10’ and long. W. 1° 49’, where an earthquake shock 
is reported to have occurred by H. Mohn in your issue of Sep- 
tember 23 (p. 496); the point lying about fifty-five miles to the 
south of the great circle, where it passes at Southampton. 
Switzerland: M. Forel reports in your journal of the 16th ult. 
(p. 469) a series of shocks in the western part of Switzerland 
having occurred in the first days of September, and which he 
considers as the szé¢e of the earthquake of August 27. In Eastern 
Europe an earthquake occurred on this same date, which tra- 
velled eastward from Malta to the South of Italy and reached 
Smyrna, which lies somewhat to the north of the great circle. 
In Mexico an earthquake is reported as having occurred at 
Tequisextlan on the 3rd ult. I can find no such place, but if it 
be the same as Tepantitlan, about fifty miles east-north-east of 
Guadalajara, it would be somewhat south of the great circle in 
question. As all these places are not far removed from the 
direction of the great circle, and as there must be several 
parallel lines of fissuring in the Appalachian Chain, thus forming 
a zone, there is in this way, I think, evidence furnished that a 
zone of seismic action exists, having the general direction of the 
great circle represented by the continuation of the boundary- 
line of the Tertiary formation in the United States to the west 
of the Mississippi Valley, as marked on the geological map of 
Messrs. Hitchcock and Blake. 

In the map forwarded herewith I have defined the surface of 
disturbance by lines joining the extreme points mentioned as 
having suffered shocks; but further information may, and 
probably will, modify this outline. The polygonal form thus 
obtained is, I think, more satisfactory than the curved forms 
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usually adopted, since there are some grounds for thinking that 
the limits of disturbance are generally lines of faulting or limits 
of formations. In the first report received, the extreme points 
mentioned to the west were Jacksonville and Chicago, both 
situated on a line which represents the axis of the promontory of 
Florida, as shown by the map. The great mass of the surface 
shaken lies to the east of this line, so that this surface would be 
bounded by coast-line directions, at least partially. When fuller 
information comes to hand, I trust to be able to show more 
perfect results in this respect. J: P. O'REILLY 

Algebraic Notation of Kinship 

Mr. F. Gatton has described two systems of kinship nota- 
tion: one in his work on ‘‘ Hereditary Genius,” pp. 50-53 ; the 
other in a letter to NATURE, vol. xxvill. p. 435. I propose to 
indicate here the outline of another system, which, though 
slightly more cumbrous in form than Mr. Galton’s, seems to me 
to possess some advantages of its own. t 

Let us denote t'e male members of a family by a capital 
letter, say F, females by a small letter, # Taking the person 
described as a starting-point, relatives in different generations 
may be denoted by éwdices attached to these letters. For rela- 
tives in the same generation, the index is 0; for those in the 
first, second, &c., generation before him, the indices are I, 2, 
&c. ; for those in generations following him they are —1, -2, &c. 
Thus, a brother would be denoted by the symbol F°, a sis‘er 
by f’; the father by i! and mother by #1; a son by F7! and a 
daughter by f~1. Again, the father’s father would be denoted 
by F' F!, or more shortly by F2; the father’s mother by F'/1; 
ason’s son by F°, a daughter’s son by f-'F7!; the father’s 
brother by F! £° (or perhaps by F?°, if it be remembered that 
here to stands for 1 + 0, and not for ten, which is too large a 
number to be often required); the mother’s brother by f! F°; 
the father’s sister’s son by F!/° F-}, and her daughter by 
F1f°f; andso on, The advantages of the system are: (1) 
that it is readily used and interpreted ; (2) that the generation 
of any relation with respect to the person described may be 
found at once by adding the indices of his kinship symbol. For 
example, in the Jast two instances given, the sum of the indices 
is 0, showing that in both cases the generation is the same as 
that of the person described. 

The simpler relationships are shown in the following table :— 
F2 Fil fiFl f2 

Grandfather=Grandmother Grandfather=Grandmother 

Flso ah : Jn Al FO fi ro pho 
Uacle Father= Mother Uncle Aunt 

| ate 
| | 

yo J 0 

Brother Person DescrinED Sites 

el es ae se fied la 
| | | | | 

FO F-1 F0 f-1 F-1 fil fo Fa fofa 
Nephew Niece Son Daughter Nephew Niece 

i | 
| | | | 

F-2 Fit fo F-l f2 
Grand- Grand- Grand- Grand- 

son daughter son daughter 

If desired, suffixes to the letters might be added to denote the 
position in his family of any person noted in the kinship symbol. 
The symbol I°5! /5~* would, for example, denote a son’s daughter, 
the son being the third member of his family, and his daughter 
the fifth. CHARLES DAVISON 

Birmingham, September 30 

Physiological Selection 

As Dr. Romanes has had his attention drawn to my letter 
(NaTuRE, vol. xxxi. p. 4), he may be interested in knowing just 
how far his theory of physiological selection was anticipated by 
what was in my mind. 
My idea was that a spontaneous variation might occur in the 

sexual elements of the offspring of one parent or pair which 
would leave them fertile with each other, while rendering them 
almost or quite infertile with the rest of the species, so that the 
family would be physiologically insular. 

Though I did not definitely so limit it, it did not seem to me 
likely that a corresponding change in both sexes, which was 

what I had in my mind, would occur, except in the offspring of 
the same parent or pair ; and I rejected the idea of a gradually 
increasing infertility in favour of a total or nearly total infertility 
arising in the one generation, because I did not see any cause 
for the continuous increase from generation to generation of such 
infertility. 

It did not occur to me that a partial infertility would, in a 
number of generations, produce the same result, as pointed out 
by Dr. Romanes (NATURE, August 5, p. 316). Nor do I now 
see clearly that it would ever lead to the total infertility which 
exists between species which have not otherwise diverged very 
much. At present, however, I only wish to point out that the 
idea of gradually increasing infertility was in no way anticipated 
by me. EDMUND CATCHPOOL 

Friends’ Institute, 13, Bishopsgate Street Without, 
London, E.C., October 9 

American Vines 

In reading Prof. Carruthers’ very interesting address to the 
Biological Section of the British Association, I observe that he 
says, when speaking of the vine discovered by Dr. Schweinfurth 
at Abd-el-Qurna: ‘‘ The leaves which have been obtained entire 
exactly agree in form with those cultivated at the present day, 
but the under-surface is clothed with white hairs, a peculiarity 
which Dr. Schweinfurth has not observed in any Egyptian vines 
of our time.” Will you allow me to remark that this is a cha- 
racter of several of our American vines? Both the Northern 
Fox and the Summer Grape (V. Zadbrusca and V. estivalis) are 
conspicuously downy on the lower surface of the leaves—so much 
so that they appear white. 

This fact adds another to the list of points in which the old 
flora of the eastern hemisphere resembles that now existing on 
the western side of the Atlantic. But the resemblance in this 
case is of much more recent date than those with which we are 
so familiar from the researches of Prof. Heer among the Oenin- 
gen beds of Switzerland. 

In connection with the facts above mentioned, it would be of 
interest to ascertain if an opportunity should ever occur whether 
the other notewerthy differences between the American vines 
generally and the European vine, namely, the musky or foxy 
flavour and the soft and pulpy, not firm and fleshy, berry were 
accompaniments of the downy leaf. This may never be possible, 
but it would serve to show which of the two was the older stem 
from which the other has diverged. E. W. CLAYPOLE 

Akron, O., U.S., September 30 

““Scopelus miulleri” 

A Frew weeks since I received a letter from Mr. Southwell, 
of Norwich, wherein he informed me that Capt. Gray had sent 
him a very interesting fish, which he kindly forwarded to 
Cheltenham. He captured it on August 1, 1886, in lat. 73° 12’ 
N., and long. 14° 28’ W. Capt. Gray remarked :—‘‘ It was at 
the surface ; I noticed it while away in a boat as I leant over the 
bow and watched the water as it passed. It was covered with 
bright golden scales when I first found it, but they are nearly all 
rubbed off. It was alive when I picked it up, and the tempera- 
ture of the water was 35° F., and that of the air 35° also. ’ 

The specimen is in comparatively a good state of preserva- 
tion ; the tail, however, has been broken, reducing its total 
length to 2 inches ; from the snout to the base of the caudal fin, 
1°8 inch. 

DA TAS Td) Vero, AL eLO nC. mrOs med eso: 

Its proportions are normal, agreeing with Collett’s description, 
the origin of the dorsal fin commencing exactly midway between 
the end of the snout and the base of the caudal fin. As good 
examples appear to be very rare, I propose remarking on certain 
appearances which have been indispute. The eye-like spots are 
thus disposed: along the edge of the abdomen, between the 
throat and base of the ventral fins, 5 pairs ; between the ventral 
and anal, 3 pairs; along the base of the anal, 8 pairs; beyond 
the anal, 6 pairs. Kriiger gave a similar number between the 
ventral and anal to what exists in this specimen, but Collett 
found 4 pairs there. Between the 6th and 7:h pairs along the 
base of the anal fin, and between the 5th and 6th pairs behind 
that fin, there is a wider space than between the others. Along 
the side and below the posterior half of the lateral line are two 
more of these eye-like spots, while a row of three passes from 
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the anterior of these to the subopercle. Another spot exists at 
the shoulder above the gill-opening, and an indistinct one on 
the edge of the preopercle. 

The figure in the magnificent work of the ‘‘ Fishery Industries 
of the United States,” plate 202, agrees with this specimen in 
the proportions of the body and length of the fin-rays ; but, sup- 
posing the species to be the same, differs from it materially in 
some other points. The position of the dorsal fin is shown too 
far forward; the scaling is not identical, as the lateral line 
in Capt. Gray’s specimen stands upon a narrow but vertically 
elongated row of smooth scales, having three rows of smaller 
ones above it, and four below it; also the eye-like spots are 
not similarly placed, and the pectoral fin is narrower, with its 
rays more elongated. FRANCIS Day 

Cheltenham, October 1 

The Sense of Smell 

WITH reference to Mr. Mitchell’s inquiries (NATURE, Sep- 
tember 30, p. 521), there is a peculiarity about musk which I 
have never found anybody to be previously aware of, namely, it 
is impossible to smell it ¢w7ce, taking two good “sniffs” con- 
secutively at a plant, z.e. after a single exspiration; on the 
second inspiration there is no odour of musk whatever. 

GEORGE HENSLOW 

Humming in the Air caused by Insects 

Your correspondent who writes on the above subject in this 
week’s number of NATURE (p. 547) remarks that ‘‘It is singular 
that no explanation has been offered by any one for such a 
common phenomenon.” May I be allowed to refer him to my 
‘* Observations in Natural History” (published in 1846), p. 226, 
where I have given a statement of my own on the subject, 
adding a reference to Humboldt’s ‘‘ Personal Narrative,” in 
which he makes some remarks on this humming, as heard in the 
tropical regions, where the phenomena is naturally so much 
more striking, and on a wider scale. 

There can be no doubt the explanation of the phenomenon 
given by your correspondent is the correct one. 

Bath, October 9 LEONARD BLOMEFIELD 

THE HONG KONG OBSERVATORY 

R. W. DOBERCK, Government Astronomer at the 
above Observatory, has recently published an 

official report on the astronomical instruments under his 
charge, and on the time service of Hong Kong in 1885, 
the determination of local time being the chief purpose of 
the astronomical branch of the institution. 

The Report states that the Observatory possesses a 
transit instrument, by Messrs. Troughton and Simms, of 
3 inches aperture and 3 feet foca! length. Setting in 
declination is effected by means of two small circles fixed 
on the telescope near the eye-end, and read by levels. 
The axis is perforated for side lamps. The pivots, which 
are made of chilled bell-metal, show no perceptible differ- 
ence between their diameters, but minute irregularities 
appear to exist, though too small to allow their exact 
amount to be determined by means of the axis level. This 
level is used in determining the inclination of the axis, 
and another similar level is provided for use with the 
zenith micrometer in the observation of differences of 
zenith distances on either side of the zenith. 

The eyepiece was originally furnished with one movable 
and seven fixed vertical wires, but the latter after a 
little while began to get entangled with the fixed wires, 
and finally broke. Although it had been found very use- 
fulin the determination of the instrumental constants, it 
was not thought well to replace it for fear lest the per- 
manent wires might become disturbed or broken by it. 
Transits were at first observed over all the seven wires, 
but in 1886 only the five middle wires have been used. 
There are also two horizontal wires about a minute of arc 
apart, and the object the transit of which is to be observed, 
is brought midway between them. ‘The eyepiece and wire 
system can be revolved through a quarter of a revolution, 

so that the vertical wires become horizontal, and can be 
used for determining the differences of zenith distance 
for latitude ; but as the instrument is in constant use as 
a transit, this arrangement has never been made use of, 
there being the less necessity for employing it, as Col. 
Palmer had accurately determined the latitude of the Ob- 
servatory in 1882. 

The telescope rests upon a cast-iron standiwith revers- 
ing apparatus; no change in the inclination has ever 
been perceived to be caused by the reversion. Thestand 
rests on a slab of Portland stone on the top of a brick 
pier sunk 5 feet in the ground, where it is surrounded by 
a brick cylinder to protect it from surface oscillations. 

In 1884 505 transits were observed; in 1885, 313; the 
inclination of the axis was observed 150 times in the 
former and 117 in the latter year. A meridian mark, 
which is viewed through an object-glass of about 66 feet 
focal length is placed about 70 feet to the north of the 
transit instrument ; another meridian mark is 11,354 feet 
to the south across the harbour. 

The standard sidereal and mean time clocks were 
supplied by Messrs. E. Dent and Co. The former has a 
cast-iron back which is firmly screwed to iron bolts 
cemented in the pier placed in the clock-room. The 
pendulum has the zinc and steel compensations originally 
designed for the transit of Venus expeditions. The clock 
was also supplied with a galvanic contact apparatus 
omitting one second each minute, for working a sympa- 
thetic dial in the transit-room, but as the contact-apparatus 
was found to interfere withthe going of the standard- 
clock, its use was discontinued early in 1885, and the 
observations have since been made with a chrono- 
meter which is subsequently compared with the standard- 
clock. 

The mean daily rates during ten-day periods of the 
standard clock are given ina table, and from the rates 
between January 1 and June 9 the following formula for 
the rate at ¢ degrees Fahrenheit is deduced :— 

y = + Is.'247 — 0s.'033 (¢ — 70°). 

The clock stopped twice during the year, viz. on June 12 
and August 23, each time during a thunderstorm. A 
difficulty was experienced in the attempt to determine 
separately the barometric coefficient, since the mean 
height of the barometer in Hong Kong falls regularly as 
the mean temperature rises, but it appeared to be 
insensible. 

It should be noted, however, that the mean rates which 
Dr. Doberck publishes here suggest that the formula 
given above is only correct within certain limits. The 
clock would appear to be compensated for 80° or 85°; at 
least there seems to be no regular variation in its rate 
about these temperatures, the decline in the rate which 
accompanies the rise of temperature up to 80° showing a 
check or even a slight reversal about that point. Prob- 
ably, however, the mean daily rates cannot be trusted te 
the degree of refinement to which they are here given. 
The number of transits observed is decidedly small, and 
the errors of the transit-instrument do not seem to have 
been very frequently or regularly determined during 1885. 
No information is given as to the degree of accordance 
of the daily rates actually observed. 

The mean time clock is similar to the sidereal standard 
clock, and appears to go as well. It is furnished with 
galvanic contact springs, which are pressed every hour at 
the exact second, and send a current through a reversing 
commutator worked by one Léclanché cell, by means of 
which the current that drops the time ball at 1 p.m. is 
closed. 

Some trouble has been experienced with the time ball. 
First the galvanic coil in the mean-time clock-case for 
setting the clock right before the ball is dropped, is not 
strong enough, as it takes nearly an hour and a half to 
correct an error of a second. The lock sent out with the 



Oct. 14, 1886] NATURE SAS 

time ball, also, was not fit to drop the ball, the blow of 
the hammer failing to discharge the bolt, so that the 
hammer had also to be struck at the instant the current 
arrived from the clock. The coil was fused by lightning 
on June 12, and from that date until November 20, the 
ball was dropped by hand. Since November 22 a new 
lock has been fitted, which gives satisfaction. 

The time-ball tower is erected on Tsim-sha-tsui Point, 
directly facing the shipping. It stands in front of the 
new police-station beside the mast for hoisting meteoro- 
logical signals, at the foot of which the typhoon gun, 
pointed towards the city opposite, is placed. In the 
police boat-basin, at a short distance north-west of the 
tower, the small observatory is built. The time-ball 
tower is about half a mile distant from the observatory, 
with which it is connected by wire. The base of the 
tower is about 4o feet above sea-level, and the top of the 
ball-mast about 84 feet. On the ground-floor is a massive 
granite pier, which supports the entire apparatus. Dr. 
Doberck describes at considerable length the arrange- 
ments for dropping the ball, for breaking its fall, and for 
ascertaining that the fall has taken place at the proper 
instant, but they do not call for special remark. The 
accuracy of the time-ball signal at 1 o’clock depends, he 
says, practically upon the error of the standard clock 
being accurately determined. If the weather has per- 
mitted transit observations to be made the previous 
evening, the error of course will be pretty closely known ; 
otherwise the regularity of the rate of the standard clock 
must be trusted to. A table of the errors of the time-ball 
in 1885 is given, showing that the mean probable error of 
the signal for each month is about o°2s. 

The time service is at present confined to the dropping 
of this ball, but there would be, Dr. Doberck points out, 
no difficulty in dropping any number of time-balls along 
the coast or distributing hourly time-signals to the prin- 
cipal public buildings, &c. 

The observatory possesses three chronometers, the 
rates of which are here given. Of the three, two keep 
mean-time, and one keeps sidereal time, but one of the 
former is useful only as a hack watch. 

The equatorial of the observatory is the Lee equatorial, 
described by Admiral Smyth in the “Speculum Hart- 
wellianum”’ and the “ Celestial Cycle.” The great length 
of the polar axis renders the instrument unsteady and 
sensitive to every motion of the observer. A Maclean 
star spectroscope has been fitted to it. The object-glass 
appears to be still in good condition. 

The meteor shower (the Andromedes) of November 27 
was observed, and it was estimated that about 2009 
meteors an hour were visible, most being small; none 
being brighter than the first magnitude, and only a few 
so bright. The radiant was determined to be at R.A. 27°, 
Decl. 40° N., but it was at least 3° in diameter. 

THE RAINFALL OF THE CAPE COLONY 

BSERVATIONS of rainfall were begun in the 
colony about forty-five years ago, but until 1876 no 

general system of registration was in force ; and, except 
in the case of the Royal Observatory and a few other 
stations, no continuous records were available. In 1876, 
however, Mr. John G. Gamble, M.A., M.Inst.C.E., the 
Hydraulic Engineer to the Colony, induced the Govern- 
ment to grant a sum of 100/. for the purpose of establish- 
ing rain-gauges throughout the country. This grant has 
been continued yearly since then, with the result that, 
although the sum is quite inadequate for the speedy 
erection of the number required, there are now 250 
gauges from which monthly returns are obtained. <A 
gauge is placed at every seat of magistracy, and private 
persons are also supplied with gauges free of charge on 
condition that they observe continuously for five years, 
and forward monthly returns to the Meteorological Com- 

mission at Cape Town. All the services rendered by the 
observers are gratuitous. The monthly returns are tabu- 
lated and printed together with other meteorological 
observations in a report by the Meteorological Com- 
mission, which is presented annually to the Colonial 
Legislature. 

At the end of 1883 there were 75 stations at which 
records had been kept for at least five years. An ap- 
pendix showing the average rainfall for each month of 
the year at these stations was published by the Meteoro- 
logical Commission in their 1883 report, and in their 
report of the following year some diagrams plotted from 
these averages were included, which show more strik- 
ingly than figures the fluctuation of the rainfall from 
month to month. 

That the observations begun ten years ago are be- 
ginning to bear good fruit is evident from the series of 
rainfall maps exhibited in the Court devoted to the Cape 
of Good Hope at the Colonial and Indian Exhibition. 
There are sixteen maps altogether, fourteen of which 
have been compiled by Mr. Gamble and two by Mr. W. 
B. Tripp, F.R.Met.Soc. One of those by Mr. Gamble 
shows the position of the gauges and the districts into 
which the colony has been divided for the purpose of 
rainfall registration ; the others represent, by means of 
different colours, the general distribution of rainfall for 
each month of the year and for the whole year. The 
contours on the maps for the various months show 
differences of r inch in the rainfall, starting from a 
contour indicating the area where the fall is less than 
o5inch. The contours on the map for the year indicate 
differences of 12 inches, beginning at 6 inches, and going 
up to 54 inches. The number of inches of rainfall at the 
various places is marked in figures. 

Mr. Tripp’s maps are intended to show the relation 
between the physical configuration of the country and its 
rainfall—one map representing contour-levels every 1000 
feet up to 4000 feet, and the other representing the mean 
annual rainfall. 

A casual examination of the various maps is sufficient 
to show that the conditions which determine the rainfall 
are not the same for the whole of South Africa. Thus 
in the south-west district of the Western Province the 
chief portion of the rain falls in the winter months, while 
in the Eastern Province, and in Natal and the Orange 
Free State, the greater portion falls in the summer, frorn 
October to March. On the southern seaboard of the 
Cape Colony the rainfall is irregularly distributed through- 
out the year, the greatest monthly fall at any place vary- 
ing from one-ninth to one-eighth of the total. 
A glance at Mr. Gamble’s map showing the distribu- 

tion in the year, shows that the north-west part of the 
colony is almost rainless. With the exception of the 
tract occupied by the Namaqualand Mountains, the 
average yearly fall in this desert is less than 6 inches ; at 
Pella, a village on the Orange River, the rainfall for the 
year is 23 inches, one-fifth of which falls in May. Some 
of the months at this place are rainless. Throughout the 
greater part of the colony the yearly rainfall varies from 
6 to 18 inches, the smaller falls being characteristic of the 
regions in the interior, generally known as “ The Karroo,” 
from 2000 to 4000 feet above sea-level, and of a plateau 
nature; while the greater falls are found nearer the sea, 
and in the mountainous parts. In the south-west district, 
excluding the Cape Peninsula, and on the narrow strip of 
country on the south coast, between Swellendam and 
Port Elizabeth, the yearly rainfall ranges from 18 to 30 
inches, except in the forests of George and Knysna, 
where it exceeds 4o inches. In the Cape Peninsula the 
rainfall varies from 25 inches at the Royal Observatory 
to 54 inches on the south-east side of Table Mountain. 
In the eastern districts of the colony, and in the neigh- 
bouring territories, where the main portion of the rain 
comes in summer, the fall averages from 18 to 30 inches, 
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with somewhat higher records from the Amatola forest 
region. There are doubtless many places in this great 
tract, notably in the Drackensberg, where the rainfall 
exceeds that shown on the maps, but there are no records 
to admit of the area being mapped. 

With regard to the causes which determine the varia- 
tion in the rainfall, Mr. Gamble has pointed out that this 
is due chiefly to the sea-currents and the prevailing winds. 
“Natal and the Eastern Province (of the Cape Colony) 
get their rains chiefly in summer, when the south-east 
trade wind blows,’ while “the western portion of the 
Western Province gets its rain mainly in winter with the 
north-west wind” (Zyazs. Philos. Society of South 
Africa). From whatever direction the rain may come, it 
seldom penetrates beyond the mountain-range which runs 
parallel to the coast. This barrier, as shown by Mr. 
Tripp’s contour map, separates the elevated central 
plateau from the tract of lower country on the coast 
During some of the summer months it would appear as 
if the south-east clouds were carried over parts of this 
barrier, but generally all the rainfall in the midland dis- 
tricts of the colony comes from thunder-showers of a very 
local character, heavy rain falling on one farm, while it is 
dry all round. It might be asked why, if the western 
portion of the Western Province gets its rain with a 
north-west wind, should the midlands not get their 
supply from the same source. To this Mr. Gamble 
answers: “We may note that the anti-trade of the 
Western Province comes apparently from a portion of 
the equatorial regions that is occupied by sea, while the 
north-west winds that blow in the Eastern Province, if 
they really keep their theoretical curvilinear path and are 
not interfered with by the height and temperature of the 
ground, come from a portion of the equator where there 
is land and consequently small evaporation.” 

As might be expected, the areas occupied by given 
rainfalls alter in position and size from month to month, 
but these fluctuations cannot well be described without 
the aid of maps. It may be noted, however, that in May, 
which marks the beginning of the wet season at Cape 
Town, the area over which the rainfall varies from 05 to 
1°5 inch occupies nearly the whole of the colony. The 
maps for October to March are extremely interesting, as 
marking the gradual advance of the rains which come 
from the south-east. Concerning droughts and floods, 
Mr. Gamble has made the pregnant remark :—*It is fre- 
quently said that in such and such a year there was a 
drought in the colony ; in another year, heavy floods in 
the colony. This way of speaking is incorrect, for, in 
consequence of the very distinct climates of the east and 
and west respectively, it is very rare that a drought occurs 
all over South Africa at the same time.” 

As the future prosperity of South Africa depends on 
irrigation, it is almost needless to point out the import- 
ance of the work done by Mr. Gamble. Considering the 
small outlay which has been incurred, the results are 
remarkable. Whether the work will in future be carried 
on in the same scientific spirit as it has been hitherto is 
somewhat doubtful in view of the backward tendency at 
present in course of development in the colony. 

THOMAS STEWART 

FERDINAND STOLICZKA 

EN an interesting memoir, published by order of the 
Government of India, Mr. V. Ball gives a sketch of 

the life and work of Dr. F. Stoliczka, for many years 
Paleeontologist to the Geological Survey of India. “This 
memoir appears in connection with the publication of the 
scientific results of the second Yarkand mission, of which 
Stoliczka was Naturalist, and during the return journey 
of which he met his untimely end. 

Born at Hochwald, in Moravia, in May 1838, Stoliczka 
obtained his early education at Prague, from whence he 

proceeded to Vienna, where he took the degree of a 
Doctor of Philosophy. To Prof. Stiess he was indebted 
for his first regular training in geology, and he received 
the kindlicst help in palaontology from Dr. Hoérnes, who 
was for some years Director of the Austrian Imperial 
Mineralogical Cabinet, and was well known by his re- 
searches on the Mollusca of the Vienna Tertiary. He died 
in the prime of life, but not before he had seen the firstfruits 
of Stoliczka’s labours on the Cretaceous fossils of India. 
Stoliczka’s first contribution to science was made (1859) to 
the Vienna Academy of Science as a memoir on some 
fresh-water Mollusca from the Cretaceous formation of 
the North-Eastern Alps, and in 1861 he became one of 
the staff of the Austrian Geological Survey, of which Dr. 
Haidinger was then the chief. Here he had the fullest 
opportunities of working at his favourite pursuit, and well 
does he seem to have availed himself of them. There 
was a conscientious accuracy as well as an extensive 
knowledge of his subject displayed in Stoliczka’s writings 
of this period that early marked him out for a brilliant 
career. 

In the year 1862 he received the appointment of 
Assistant to the Geological Survey of India, and was 
present with Dr. Oldham, the Superintendent of the 
Survey, at the meeting of the British Association at 
Cambridge over which Prof. Huxley presided. There 
are many who may still remember his slight figure, 
and dark hair brushed back: in after days he became 
rather stout. At that time he knew but a few words of 
English, but very shortly afterwards we find him not only 
speaking and understanding English well, but actually 
writing notes in his journal in English. 

On his arrival at Calcutta he at once commenced to 
work on the Cretaceous fossils of Southern India, and 
the splendid series of memoirs on these forms, of which 
Part 1 appeared in 1863, was not completed until ten 
years afterwards. These memoirs, in which as to the 
Belemnites and Nautilus he was assisted by Mr. Blan- 
ford, form a work of over 1400 pages, illustrated by 176 
plates, a record in itself of a laborious life. The work of 
arranging and describing the fossils collected by others 
was, however, only a small portion of the work performed 
by Stoliczka. 
thing that pertained to the natural history of his adopted 
country, and there was scarcely a division of the animal 
kingdom that he had not a tolerable acquaintance with, 
and to the published records of which he did not add 
something—Mammaiia, birds, reptiles, mollusts, Polyzoa, 
arachnids, Crustacea. 

From time to time his work took him from the Museum 
workshops, and he visited now the North-Western 
Himalayas, and again the Andaman Islands, and portions 
of Burmah, In all and every place he visited he found 
something new and interesting, and by the numerous 
papers which he published as the result of his travels, one 
might almost follow him in his journeyings. 

In 1873 it had been arranged that Stoliczka should go 
to Europe to take charge in part of the splendid collec- 
tion of minerals and fossils sent to the Great Exhibition 
of Vienna from the Geological Survey of India, but he 
was tempted to go instead as one of the mission from the 
Government of India to the King of Yarkand and Kash- 
gar. On May 17 he left Calcutta on a journey from 
which he never returned. Yarkand was reached on 
November 8. Early in October, and shortly before cross- 
ing the Sanju Pass (16,500 feet high), Stoliczka had 
been seriously ill from apparently a slight attack of 
spinal meningitis, from which, however, he rallied, and 
he seems to have enjoyed the three weeks’ sojourn at 
Yarkand. On December 4 Kashgar was reached, but 
the formal presentation to the King of Her Brit- 
tanic Majesty’s letters did not take place til) January 
10, 1874. In February an excursion was made to 
Artish and Kalti Ailak, and on March 17 leave was 

He threw himself with ardour into every- _ 

a 
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taken of the King, and the return journey to India 
commenced. Returning by Yarkand, the Kara-korum 
Pass was ascended on June 16, and Stoliczka seems 
to have suffered from the great height. On the 17th the 
last record appears in his journal. On the 18th the first 
symptoms of a new attack of spinal meningitis showed 
themselves, and, despite all the care of his devoted 
friends, he breathed his last on the afternoon of the 19th, 
some eleven marches from Leh, where he was buried 
beneath a willow-tree. The Government of India placed 
a suitable inscription over his grave, and other evidences 
o: the esteem and regard in which his memory is held 
will be found in the Museums of Calcutta and Vienna. 
And now another, and this not the least, will be found 
in this too brief, but sympathetic, record of his life 
and labours, written by one who knew him well, and who 
was able to appreciate not only the scientific labours of 
his friend, but his honesty and loyalty. A detailed list of 
all the scientific papers and published letters of Stoliczka 
between 1859 and 1874 is appended to this memoir. 

THE /RON AND STEEL INSTITUTE 

HE summer meeting of this Institute was held on 
the 6th to the 8th inst., in London, under the presi- 

dency of Dr. John Percy, F.R.S. In his introductory 
remarks, the President made special reference to some of 
the papers about to be read. He was very pleased to 
see that the employment of chromium in the manufacture 
of steel was receiving attention. As far back as 1821 
Bertheir, in the Azmnales des Mines, had shown that iron 
with 1 to 1°5 per cent. of chromium forged well, whilst it 
took a keen edge when ground, and had a very high 
tenacity.—Dr. Percy exhibited a portion of a broken 
ploughshare of American manufacture, which was formed 
of three metals, and seemed to be produced by casting 
steel on both sides of malleable iron. He drew attention 
to mitis metal, but refrained from offering any opinion 
on the subject, referring simply to the statements put for- 
ward that by the use of aluminium in its composition the 
melting-point was lowered, whilst, as the product was 
more liquid, it ran better, and sound castings were more 
easily produced. In speaking of Indian metallurgy, refer- 
ence was made to the iron column at Delhi, the largest 
piece of forged iron in the world. The President next 
drew attention to the development of iron and steel- 
making in the United States, showing its rapid progress, 
and how enormously the capacity for production, both in 
that country and here, was in excess of the demand, as 
regarded blast-furnaces, Bessemer converters, and open- 
hearth furnaces. The address concluded with some 
remarks on diminished cost of production; to what a 
degree this has been carried, and the influence it has had 
on the labour market may be inferred from the circum- 
stance that nowadays a single lace-making machine does 
the work formerly done by 2000 women, that wood-plan- 
ing, which used to cost 12s. per square foot, is now done 
for 2d. or 3d., that the manufacture of gold chains has 
been reduced from 30s. to 3s. 6d., and that a gross of steel 
pens may now be procured for 4¢. which used to cost 7/ 
Sir Henry Bessemer proposed a vote of thanks to Dr. 
Percy for his address, which was seconded by Mr. Adam- 
son, the President-Elect. : 

The first paper read was that of Sir Frederick Abel, 
F.R.S., and Colonel Maitland, Superintendent of the 
Royal Gun Factories, Woolwich, on the erosion of gun- 
barrels by powder-products. This, in the author’s opinion 
is due to a softening, if not fusing, effect exerted upon 
the surfaces of the metal by the high heat of the explosion, 
an increase of this softening or fusing effect by the 
chemical action of the sulphur at the high temperature 
produced, and the mechanical action of the rush of gases, 
vapours, and liquid products upon the softened or fused 
surfaces. There are two kinds of scoring or erosion; 

muzzle-loading scoring is due to the rush of powder-pro- 
ducts over the top of the projectile through the clearance 
or windage, which has to be allowed for facility of 
ramming home the shot along the bore in a muzzle- 
loader ; breach-loading scoring is produced by the rush 
of the powder products behind a shot, acting as a gas- 
tight plug, during and immediately after its passage 
through the gun. Evidently erosion will increase with 
the amount of the powder products, with the pressure in 
the bore, and with the duration of the time of action, and 
it is important to ascertain what material best resists 
erosion by powder products, or what treatment of the 
material is best calculated to increase its power of resist- 
ance to erosion. With this object in view experiments 
were made on thirteen rifled barrels, of different steels, 
of 2, inch bore, firimg 100 rounds each with 10} Ib. 
charges of pebble powder and 6 Ib. shot, fitted with 
service driving rings; these barrels were screwed into 
the mouth of the chamber of a 22 cwt. breech-loader. 
Gutta-percha impressions were taken after each batch of 
twenty-five rounds. During the preparation of the barrels 
specimens were cut in prolongation of the bores and 
tested mechanically, and the proportions of carbon, 
silicon, and manganese were determined in samples of 
the metal. The average pressure of the gas was 13 tons 
to the square inch. The results of the experiments are 
given in a table, but neither the chemical analysis of the 
metals nor the testing machine gave any assistance in 
accounting for the position of the barrels in the mean 
order of merit in which they were placed by five skilled 
and independent observers. Thus the worst and the 
worst but one were respectively the highest and nearly 
the lowest in carbon, the first, fifth, and tenth were very 
closely allied both in analysis and as tested by the 
machine, and it became evident that some agency, 
hitherto unsought for, dominated the results. Separate 
and independent investigations were made by the writers 
of the paper, the one instituting a chemical and the other 
a mechanical examination of the metals. A chromic 
solution capable of exerting a very slow solvent action 
upon the metals brought their structure into relief, and 
the extent of erosion was found to be more or less refer- 
able to the less or greater amount of mechanical treat- 
ment the metal had received, and to the consequent 
extent to which uniform fibrous structure had been deve- 
loped. Experiments made on the metal as cast, and 
forged to twice to four times, and to eight times its length 
proved that the more steel was forged or worked the less 
it suffered from the eroding effect of powder gas. This 
was found to be the case both as regarded hard and soft 
metal. Several members took part in the discussion, 
notably Mr. Adamson, Sir Fredericx Bramwell, Sir Henry 
Bessemer, and Mr. Frederick Siemens. 

The next paper, which was taken as read, was an 
elaborate report of 137 pages in length by Messrs. P. C. 
Gilchrist and E. Riley, ‘‘ On the Iron-making Resources 
of the British Colonies and India, as illustrated at the 
Colonial and Indian Exhibition.” It would appegr the 
reporters are of opinion that, so far as the exhibits are 
concerned, the iron and coal-producing power of the 
Empire is rather undershown, as with a proper applica- 
tion of the materials at the disposal of our colonies and 
India, they should at all events be able to supply their 
own requirements. 

The next papers read were: ““On some Early Forms 
of Bessemer Converters,” by Sir Henry Bessemer, F.R.S., 
and “On Modifications of Bessemer Converters for Small 
Charges,” by John Hardisty. The first of these contains 
descriptions of the different forms of converters selected 
by the author as typical of the whole, and which embrace 
the main features of ten several forms of apparatus which 
he has from time to time designed for the conversion of 
crude iron into steel. It was written with the double 
object of letting those who are seeking to improve the 



process know what has already been done; while the 
general public ought not to remain ignorant of what 
legitimately belongs to them, and which, after the ample 
reward he has received for his inventions, the author 
desires they should enjoy without any restrictions. The 
author of the second paper holds that the making of steel 
in small quantities is a step in the wrong direction, be- 
cause the steel cannot be made so cheaply ; but, as he 
points out, itis to the interest of owners of small blast plant 
to possess the means of converting their product into steel, 
and of ironworkers who cannot find work for their 
puddling furnaces to make steel enough to keep their 
machinery at work rather than be dependent on larger 
firms for a supply of ingots. An American steel-maker 
in the discussion drew attention to the circumstance that 
in the United States, when the rail trade was brisk, it 
was impossible for the smaller works to obtain Bessemer 
ingots at all, and that they had to introduce small plant 
for self-preservation. From the statement of opinion it 
was evident that there was necessity for the original 
Bessemer converters and the smaller modified forms. 

Mr. Frederick Siemens’s paper on combustion with 
special reference to practical requirements draws atten- 
tion to the means necessary for adoption to insure perfect 
combustion. The gases must be supplied in the exact 
chemical proportion in which they are required for com- 
bustion; they must be brought together in such a 
manner that the different molecules which have to 
enter into combination may readily do so, whilst every 
thing must be avoided which interferes with the motion 
of the gases while combustion is proceeding. 

The author enters in detail on the way in which gases 
should be brought together, he explains that the-Bunsen 
burner, though theoretically perfect, cannot be=adyan- 
tageously carried out in furnaces, as the flame of a 
Bunsen burner being almost non-luminous owing ‘to free 
carbon not being liberated during~ combustion, has but 
little radiating power, and must in consequence transmit 
its heat by direct contact only. As the gases cannot 
generally be mixed before combustion, it-is-a matter of 
great importance how they are -brought :together..when 
combustion commences, a mean being necessary between 
a too intimate mixture, producing a short flame having 
great heating but little radiating power, and an imperfect 
mixture, which does not allow of combination properly 
taking place. The third means necessary is the one to 
which the author has frequently drawn special attention, 
because neither the employment of gases in proper 
proportion, nor their proper mixture is sufficient to insure 
perfect combustion Z/ the disturbing influences of surfaces 
ts allowed to interfere to prevent combustion, or to dis- 
sociate particles of gas already combined. In the author's 
view the dissociation caused by hot surfaces is of various 
kinds, and takes place at different temperatures. At a 
comparatively low temperature, dissociation of hydro- 
carbons takes place, the carbon being liberated in the 
solid form as soot. At a moderately high temperature 
carbonic oxide is dissociated into solid carbon and car- 
bonic acid gas; at a higher temperature the products of 
combustion begin to dissociate, steam splitting up into 
hydrogen and oxygen, and lastly, at a still higher tem- 
perature, depending upon the kind of surface with which 
the products of combustion come into contact, carbonic 
acid splits up into solid carbon and oxygen. From this 
it will be seen that dissociation has the effect of setting 
carbon free, and to its influence the formation of smoke 
is largely due. 

The author then proceeded to show that smoke within 
a furnace chamber is caused by flame in the first instance 
touching surfaces which then become enveloped in a 
dense cloud of dissociated carbon, which prevents the 
heat rays from reaching them. The author illustrated 
his remarks by means of a gas-burner proposed to be 
used instead of the English fire-place, by the use of which 
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it is stated that heat is much more uniformly distributed 
throughout a room. The flame was intensely bright and 
hot, due as explained to its being fed with hot air, and 
working with free development of flame that is entirely 
out of contact with any surfaces. The gas stove afforded 
considerable interest to the members, and the author by 
special request explained its mode of action. 
The papers read on the Jast day of the meeting were 

two by Mr. F. Gautier, of Paris, on the casting of chains in 
solid steel, and on silicon in foundry iron. Hitherto 
chains have been made of wrought iron, the difficulty in 
the various processes of manufacture being the difficulty 
of securing a good weld; this, according to the author, is 
now overcome by a process of Messrs. Joubert and Leger, 
of Lyons, which combines chilled casting and instan- 
taneous removal from the moulds. In the second paper 
the writer refers to the advantage of silicon in producing 
homogeneous steel and pig iron castings and improving 
foundry pig; he also drew attention to the intro- 
duction of ferrosilicon in French foundry practice. 
The author’s views were in general supported by 
the members in discussion. Mr. F. W. Harbord’s 
paper, “ On the Elimination of Silicon, Phosphorus, &c., 
in the Basic Open-hearth Process,” gave evidence that 
soft steel of the very finest quality could be produced 
from inferior material by this process, whilst the conditions 
of working in the Siemens furnace are peculiarly favour- 
able to its production. | Surgeon-Major Hendley’s paper, 
“On the Process employed in Casting Brass Chains at 
Jeypore, Rajputana,” was contributed by Mr. C. Purdon 
Clarke, and illustrated by samples. The papers on 
“Chrome Steel,” by Mr. Brustlem, and on “ American 
Blast Furnace Practice,” by Mr. F. W. Gordon, Phila- 
delphia, were put off to the next meeting. 

NOTES 

WE regret to learn that Baron von Miiller retires from the 

directorship of the Melbourne Botanic Gardens in June next. 

THE death is announced of M. Dubosc, a Paris optician, 

who assisted M. Léon Foucault in all his constructions, and 

especially in the organisation of his automatic electric lamp. 

Tne Laboratoire d’Electricité created with the surplus of the 
Electrical Exhibition of 1881, held in the Palais de l’Industrie, 

will be erected on the site of the old Collége Rollin, on 

ground granted by the City of Paris. It will be open to elec- 

tricians of every nation, and governed by the International 
Society of Electricians. 

AN ordinary General Meeting of the Institution of Mechanical 

Engineers will be held in the Yorkshire College, Leeds, on 

Monday, October 18, by invitation of the College authorities, in 

celebration of the opening of the Engineering Department of the 

College. The following papers will be read and discussed, as 
far as time permits :—‘‘ On Triple-Expansion Marine Engines,” 
by the late Mr. Robert Wyllie, of Hartlepool ; ‘‘ Notes on the 
Pumping Engines at the Lincoln Water-Works,” by Mr. Henry 
Teague, of Lincoln; ‘‘ Description of a Portable Hydraulic 
Drilling Machine,” by M. Marc Berrier-Fontaine, of Toulon. 

THE Commission of the French Budget having adopteJ without 

reduction all the proposals of the, Government for the Algerian 
provinces, the construction of the large instruments for Bouzareah 

Observatory will be continued, and inspection of the heavens 
will be conducted on a large scale at Algiers. An observer 

connected with the Trocadero Observatory has been appointed 
to assist M. Trépied, and left Paris last week for his destination. 

THE photographie method has been established at the Algiers 
Observatory for the sun. Nine times out of ten the operation 
has been successful. 
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THE Duc d’Aumale has bequeathed to the Institute of 

France in perpetuity the mansion and domain of Chantilly, with 

its museum and all its other contents, to be preserved and main- 
tained forthe benefit of the French nation. This munificent gift 

is fettered by no conditions beyond those necessary for carrying 
out the main purpose ofthe testator. The value of the gift is 

estimated at thirty millions of francs, or nearly a million and a 

quarter sterling, and the income for maintaining it at 20,000/. 

per annum. 

SoME time since, Herr Paul von Ritter, of Basle, gave the sum 

of 300,000 marks for the furtherance of scientific inquiry on the 

basis of the Darwinian theory. It has now been decided to 

employ half the interest in the maintenance of a ‘‘ Ritter Pro- 

fessorship of Philogeny.” The chair is to be filled by Dr. Arnold 

Lang, formerly scholar and assistant of Prof. Haeckel at Jena. Dr. 

Lang has for several years taken part in the work of the 
Zoological Station at Naples. The other half of the interest will 

be expended in grants foz scientific travel, and in furnishing 
improved means of instruction in zoology at this University. 

Herr von Ritter has been made Doctor of Philosophy hoxoris 

causa. 

SINCE the end of 1883, regular observations of atmospheric 
electricity have been made at the Odessa Meteorological Obser- 

vatory, and M. Klossofsky shows by the graphic method (Za 

Nature) how there is an intimate relation between the variations 

of atmospheric pressure, and those of electric potential. Cyclonic 

movements of the atmosphere find a faithful echo in the indica- 
tions of the electrometer, though sometimes mist, smoke, dust, 

and atmospheric precipitates may for a time mask the cor- 

respondence. 

IN the course of a review in the Chinese Recorder of a new 

Chinese geometry by Dr. Mateer, Dr. Martin, the head of the 

Foreign Language College at Pekin, states that the first transla- 

tion of Euclid into Chinese was made by the illustrious Father 
Ricci, ‘‘the apostle at once of religion and science.” In time 
the paramount influence of Euclid grew into something like a 
bondage in the east as well as in the west. In the west a 

wholesome revolt took place long ago, but in China Euclid 
‘thas reigned with undisputed sway for three centuries, and 

nothing has been done even in the way of simplification until 
the work of Dr, Mateer. It is a strange fact that Ricci’s Euclid 
was left standing through all these ages in the condition of a 

truncated pyramid. Only six books were translated by the 

great Jesuit, and the remaining nine were supplied about thirty 
years ago by Mr. A. Wylie, aided by Prof. Li Shenlon.” Mr. 
Wylie subsequently translated Loomis’s ‘* Analytical Geometry 

and Differential Calculus” ; but, says Dr. Martin, he would 

have done better to have commenced his mathematical text- 

books by a version of Loomis’s ‘‘ Geometry,” which, following 
the footsteps of Legendre, presents the whole subject in a com- 

pact and easily intelligible form. The translation of the Chinese 

' titte of the older book is ‘‘ First Book in the Science of Quan- 

tity”; that of Dr. Mateer’s is ‘‘The Science of Form.” A 
Chinese mathematician’s view of the new work is given by Dr. 
Martin in the following words :—‘‘ This book presents the 
principles of geometry in a more concise form than Euclid, and 

omits nothing of importance that -is found in Euclid. Besides 
the chapter on the three round bodies, there are throughout 

many excellent theories that were unknown to Euclid, especially 
those relating to spherical triangles, so essential to the study of 
astronomy.” The price of the two volumes, it may be added, 
is about 2s. 3d. 

THE number of the Folk-Lore Fournal (vol. iv. part 4) just 

published, contains the first instalment of a paper by Capt. A. C. 

Temple, which promises to be the most important work yet 
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published on the folk-lore of North-Western India, The writer 

has made it a practice to collect all the popular works published 
in the Punjaub relating to history, folk-lore, and religion. He 

has now about 350 of these in Arabic, Persian, Urdu, Hindi, 

Punjaubi, Pushtoo, and Sanscrit. It faithfully represents the 
current popular literature of the day in the Punjaub. Capt. 

Temple has had abstracts of the books prepared, and twenty- 

eight of these are published in the present paper. In the some- 
what distant future when the whole 350 are published, few 

regions will have had their folk-lore so thoroughly investigated 

as the Punjaub. 

ACCORDING to Die Natur a remarkable collection of minerals 
exists in the cellars of the Academia San Fernando at Madrid. 
It is contained in a number of boxes which have filled the cellars 
for about 209 years, and which may remain there as long again 

unless some better fortune befalls them than that which has 
attended them in the past. They come down from the golden 
age of Spanish donination in South America and in Mexico, 
when the mines of these regions made them the El Dorado of 

the globe. Noone knows exactly the contents of the boxes, 

but they are believed to contain the rarest objects, although the 

scientific importance of collections was but little appreciated in 

the days when this one was made. It appears also that collec- 
tions made by Humboldt during his travels in America, and 
handed over by liim as a kind of scientific tribute to the Spanish 
Government, are in the same Academy ‘‘locked up since 1804 
in a press, untouched.” With respect to the famous skeleton of 

the Megatherium americanum, Cuv:, found by the Marquis de 
Loreto on the banks of the Rio Luxon near Buenos Ayres in 
1778, which is in the Museum of the Academy, its present state 

is described by the brothers Fraas of Stuttgart in their letters 
from the south of France and Spain, just published under the 
title of “‘ Aus dem Siiden,” as being one of the utmost confusion. 
The bones are bored for mounting, but they are ‘‘ completed 

and restored”’ to the verge of the impossible. The bones are 

placed in absurd positions, and parts which were inconvenient 
to the mounter are put aside altozether. The writers ask what 

the state of instruction in natural history must be in an Academy 

where such things are possible. 

WE have never heard an adequate explanation of the extra- 
ordinary delay which takes place in the issue of the Annual 

Reports of the Japanese Ministry of Education, They are as a 
rule three years behind time. That for $82 has only just been 
published. They contain a considerable number of statistics, 

but this alone would not account for the delay, for the publica- 
tions of, say, the Japanese Meteorological Observatory contain 

far more and more complicated tables, yet the latter appear in 

reasonable time. It is very difficult to feel any interest in an 

annual report of the year 1882 at this date ; conditions have 

altered, the circumstances are different, the inspector’s report 
for 1885 may show energy and success where those of 1882 had 

to reveal apathy and ignorance. The Tokio University, for 
example, has been wholly remodelled, and one reads with very 

languid interest now that in 1882 there were such and such 
departments, so many graduates, and the like. The details in 

the report, especially those relating to students abroad, to the 

position of libraries and museums, their utility to and apprecia- 

tion by the public, would be of interest and well worth quota- 
tion, or at least a short summary, if they were those of last year 
instead of those of four years ago. These reports may perhaps 
be of use to any one who undertakes to write a history of educa- 
tion in Japan ; for any practical present use they are they might 
as well remain unpublished in the Archives of the Education 

Department in Tokio. We can perceive nothing in the nature 
of things, or in the design or details of the reports to prevent 
them being produced regularly in the first half of the year 

succeeding that to which they refer. 
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IN a very interesting paper in the new number of the Asiatic 
Quarterly Review, Miss E. M. Clerke, writing on ‘‘ Arabic 

Analogies in Western Speech,” says that whole classes of astro- 

nomical, astrological, and generally scientific terms are a stand- 

ing memorial to the debt of culture Europe owes to the East. 

Logarithm is a corruption of e/-jowarzeem, and algebra of e/-jabr 
w.'lmukdbala, literally, the integration and comparison. Alembic 

is e/-anbik, a retort, whence the Italian /amdiccare, to distil ; 

and nearly all the terms used in alchemy denote its Oriental 

origin. Star-names come from the same source: Algol is 

el-ghol, the ghoul; and Vega, a fragment of wasser-el-waga, the 
falling eagle. Most precious stones and minerals, as sapphire, 
emerald, bezoar, jasper, amber, antimony, are transparent dis- 

guises of Arabic originals ; jewel itself is from jouhour. Simi- 

larly the names of poisons and remedies, as well as maladies, 
come from Arabia: thus arsenic is ez-zernikh ; massage, the 

fashionable cure by friction, is from mass, to handle, and leprosy 

is an obvious corruption of e/-abras. Again, such words as 

spinach, endive, chicory, saffron, arrowroot, cotton, hemp, 

carcaway, cummin, and aloe are obvious derivatives from Arabic. 

The names of many flowers come from Arabia, by adoption from 
Persian, also fruits, as lemon and orange. Carat is an Arabic 

weight. Monsoon comes from souse, a fixed time, and sirocco 

and simoom. ‘These and a hundred others given by Miss Clerke 
“go to prove that the world is one vast commonwealth of ideas, 

most widely shared by the classes least conscious of their 
indebtedness to foreign influence.” 

FarHer DEcItEvRENS, of the Siccawei Observatory near 
Shanghai, writing on a violent typhoon which visited that dis- 

trict on August 14, doing considerable damage, says that it was 
remarkable by the long persistency of the low pressures that 

continued from 3 a.m. on the 14th to 5 a.m. on the 18th, that 

is, ninety-three hours, during the whole of which time the wind 

blew hard, and during the two last days the rainfall rose from 
6 inches to 12. He says this is a singular and very rare pheno- 
menon, and to explain it he follows the typhoon all along its 
course. Like the typhoon of the same date in 1881, it came 
from the open sea. On the 11th the barometer at Manilla caused 

suspicion of a storm to the north-east of Luzon and east of For- 

mosa. The Loochoo Islands must have been passed on the 

afternoon of the 13th, and at noon on the 14th it reached the 
coast of Chinaabout Wenchow. Having got to the mainland, the 

storm proceeded for some time to the west through the province 
of Kiangsi, and then was divided. One part recurved to the 
south-west towards Kwangsi and Tonquin, and is easily fol- 

low.d by observations made at Amoy and Hong Kong; the 
other part of the depression turned round to the north and got 
nearer to the Yang-tse River. On the morning of the 18th an 

entire change took place in the atmospheric conditions. The 

second depression was in its turn divided, and while the portion 
higher in latitude formed itself into a distinct storm and got 

THE luminosity of insects has been lately studied in a very 
careful manner by Dr. Dubois, one of M. Bert’s students. The 
animal selected was the American cucujo, or Pyrophorus noctilu- 

It has three luminous organs—two prothoracic and one 
ventral. Dr. Dubois opposes the view that the light results 
from direct oxidation of the substance of the luminous organs, 
by oxygen of the air coming through the trachee. In pure 

oxygen the luminosity is the same as in air, and it is the same 

in pressures under one atmosphere. Nor does compressed oxy- 

gen affect it, and this gas cannot restore the light when extinct 
in organs which yet respond to mechanical agents or electricity, 

even when the pressure is raised to four atmospheres. The protho- 

racic plates give a good illumination in front, laterally, and aboye,. 

and serve when the insect walks in the dark; when it flies or 

swims, its fine abdominal lantern is unmasked (and the abdomen 

raised) throwing downwards an intense light with much greater 

range. The insect seems to be guided by its own light. If the 
prothoracic apparatus is quenched on one side with a little black 

Cus, 

the light. If both sides are quenched, the in-ect walks hesitatingly 
and irregularly, feeling the ground with its antenn, and soon 
stops. The light of the cucujo gives a pretty long spectrum 

from the red to the first blue rays; when the light diminishes, 

this shortens somewhat on the side of the blue, but more on the 

other side. Tne maximum is about wave-length 528 u 56 (as in 
the solar spectrum). The light is more green than that of 

Lampyris noctiluca. It is capable of photogeaphy, but does not 

develop chlorophyll. The prothoracic organs of six insects did 
not set a radio.neter in motion, but they affected a Melloni pile 

slightly. No distinct electric action could be traced in the 
organs. Separated from the body, the organs are still brilliant. 
If the insect is deprived of water, it ceases to produce light ; and 

it recovers the power when plungedin water. The egzs may be 

dried to the extreme limit, at ordinary temperature, without 
losing their light-yielding power ; pat in water after eight days 
even, they become luminous again. Further, if the luminous 

organs aré dried 7 vzcuwo, and pulverised in a moriar, a little 

water (even if freed from gas by boiling) makes the mass 
luminous throughout. Dr. Dubois finds the photogenic substance 

to be an albuminoid, soluble in water and coagulable by heat ; it 
enters into conflict with another substance, of the diastase 

group, and part of the energy thus liberated appears as light. 

SoME experiments lately brought before the Paris Academy 
by M. Luvini, combine with those of other observers (he con- 
siders) in warranting the conclusion that ‘‘ gases and vapours, 

under any pressure, and at all temperatures, are perfect insu- 
lators, and cannot be electrified through friction, either with one 

another, or with solid or liquid substances.” 

THE Giornale d’Agricoltura e Commercio for August reports 

the discovery in West Africa of a new variety of coffee-plant, 

away to the north, the other part approached Shanghai and put | 

back to sea through the mouth of the Yang-tse. When Shang- 

hai was placed between the two depressions, the air, not know- 

ing, as it were, towards which of them to flow, got rapidly calm, 

While the two centres were thus getting away in opposite direc- 

tions, the Siccawei baroreter rose without any strong wind 
blowing. This, concludes Father Dechevrens, is a new phase 

of this singular typhoon, the centre of which passed very close 
to Shanghai without giving birth to any gale, except the one 
that had preceded the division and the departure. It is to be 
hoped that the learned writer may be able to give this typhoon, 
with the peculiarities here noted, the same detailed and thorough 

study that he gave that of 1881. In the latter instance he gave 

what may be called the life-history of a storm from its birth in 
the China Seas, almost to its dissipation far in the interior of 
he continent of Asia. 

| appearance and flavour. 

whose berry appears greatly to resemble that of Arabia in 
It grows, however, not on a shrub but 

on a tree nearly 7 feet high, which develops rapidly and yields 
an abundant crop. Arrangements are already being made for 

introducing its cultivation in favourable localities. 

THE additions to the Zoological Society’s Gardens during the 

past week include a Brown Capuchin (Cebus fatuellus 2?) from 
Guiana, presented by Messrs. Kiihner, Hendschel, and Co. ; a 

Macaque Monkey (M@acacus cynomolgus °) from India, pre- 
sented by the Countess de Geloes; a Yellow-footed Rock 

Kanzaroo (Petrogale xanthopus 2) from South Australia, pre- 

sented by Mr. G. Langborne, Chief Officers.s. Rome ; a Common 
Squirrel (S:izus vulgaris), British, presented by Miss Gertrude 
Hud:on; two Lanner Falcons (Falco /anarius) from Eastern 
Europe, presented by the Baron D’Epremesnil; a Blue and 

| Yellow Macaw (Ava ararauna) from South America, presented 

wax, the cucujo walks in a curve, turning towards the side of ——w 
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by Mrs. George Quish ; a Gannet (Su/a dassana), British, pre- 

sented by Mr. J. H. Gurney, F.Z.S.; two Common Chameleons 

(Chameleon vulearis) from North Africa, presented respectively 

by Mr. Charles T. Port, F.Z.S., and Mr. T. H. Carlton Levick ; 

a Common Viper (Vifera berus), British, presented by Mr. W. 
HW. B. Pain; a Porto Rico Pigeon (Columba corensts), a Trian- 

gular-spotted Pigeon (Columba guiner), bred in the Gardens. 

OUR ASTRONOMICAL COLUMN 

M. THOLLON’s MAP OF THE SOLAR SpECTRUM.—M. 
Thollon, in the Bulletin Astronomigue for July, gives some in- 
teresting details concerning the great map of the solar spectrum 
which he presented to the Paris Academy of Sciences about a 
year ago. He had completed an earlier design in 1879, but the 
positions of the lines in it had not been determined with the 
precision he desired. He therefore resolved to go over the 
work again, and to make a chart which should represent the 
positions, breadths, and relative intensities of the lines as faith- 
fully as possible. The work has required four years of con- 
tinuous toil to carry it from A to 4, at which point M. Thollon 
now leaves it. M. Trépied proposes to carry it on to the violet. 
M. Thollon’s map shows the spectrum under four different 
aspects : as seen when the sun is ro” high, and the air contains 
but little water-vapour ; then as with the sun at 30° of altitude, 
first with the air saturated with water-vapour, and next when 
the air is very dry ; and, lastly, the solar spectrum as it would 
be seen outside our atmosphere. It is therefore easy to see 
which lines are truly solar, which due to water-vapour in our 
atmosphere, and which to dry air. M. Thollon finds the dry- 
air lines limited to the great groups A, B, and a, which M. 
Egoroff ascribes to oxygen. Besides the water lines, which are 
arranged in seven groups, M. Thollon on a single occasion ob- 
served a vast number of telluric lines between a and D, the 
special origin of which he was not able to determine. 

The measures were made with a very fine glass pointer, which 
allowed a bisection of a line to be made with great exact- 
ness, the probable error of an observation being less than 1/700 
of the interval between the D lines. The breadth of a line was 
determined by observing at what distance from its extreme 
point, the glass pointer was equal to it in breadth. The intensity 
of the lines were estimated by eye. The map, which will be pub- 
lished in the Axnales de [ Observatoire de Nice, is xaore than 33 
feet in length, and embraces more than a third of the visible 
spectrum. From the scale on which it is drawn, the number of 
lines—about 3200—which it contains, the precision of the 
measures, and the fullness of the information given concerning 
the telluric lines, it will be, that which its author has striven to 
make it, the fullest and most perfect chart of the spectrum yet 
published. One of the chief purposes which it will serve will be 
to afford information as to the occurrence of changes in the 
spectrum, and M. Thollon shows by a diagram of the spectrum 
between B and C that we have strong reason to suspect that 
several lines have greatly altered in intensity since the date of 2 
Angstrém’s famous chart. 

Comet FInrAy.—Mr. Finlay, of the Cape of Good Hope 
Observatory, discovered a comet on September 26. It appears 
to be probably identical with Comet 184q I., its elements being 
given by Dr. Holetschek as follows :— 

T = 1886 Noy. 22°6821 Berlin Mean Time. 
° ‘ a“ 

7-2 = 299 14 21 
2 = 48 35 55> Mean Eq. 1886'0. 
2= eno 

log g = 0°08793 
Ephemeris for Berlin Midnight 

1886 R.A. Decl. Log a Log x Bright- 
ese ° 1 ness 

Oct. 19 18 8 10 26 40°2S. 0°1442 O°1249 1°37 
28 to 2052) 2603359) O'I4IO O'II73 1°44 
Ayal) Ome 20) 2252 01378 O'II05 1°50 
BI 18 Sr 6 26 4°7'S. 0O°1347 O11044 157 

The brightness on September 26 is taken as unity. 

New Minor PLANET.—A new minor planet, No. 260, was 
discovered by Herr Palisa at Vienna on October 3. 

New Comet.—A new comet was discovered by Mr. E. E. 
Barnard on October 4. It was independently observed by Dr. 
Hartwig on the following night. October 5, 16h. 2m. G.M.T., 
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R.A. toh. 37m. 24s. ; Decl. 1° 3’ N. It is described as bright 
and round. Daily motion + r°5s. in R.A., and + 3’ in Decl. 

THE PULKOWA OBSERVATORY.—M. Struve has issued his 
Annual Report for the year ending May 25, 1886. During the 
year the fundamental determinations of star places for 18850 
were rezularly persevered in with the great transit instrument 
and the vertical circle. With the former Herr Wagner and his 
assistants, Wittram and Harzer, observed 4785 transits. With 
the exception of 110 observations of the sun these refer exclu- 
sively to the 383 Pulkowa fundamental stars. With the 
vertical circle Herr Nyrén obtained 739 complete observations, 
including 105 observations of the sun. The fundamental decli- 
nation determinations for 1885 would be almost completed, had 
not Herr Nyrén wished to repeat the observations with a rever- 
sion-prism eye-piece attached to the instrument in order to 
investigate certain systematic discordances. Herr Romberg, 
observing with the meridian-circle, obtained during the year 
4359 observations, chiefly of stars with large proper motion, 
comet stars, &c. The great 30-inch refractor has been intrusted 
to Hermann Struve, and has been employed in observing the 
fainter double stars of Burnham’s catalogues, the satellites of 
Mars, Saturn, and Neptune, the Maja nebula (discovered photo- 
graphically at Paris), and Mova Andromed, which was easily 
visible on January 27. M. Struve speaks-in terms of the highest 
approval of the instrument, both as regards its optical power and 
as regards the mounting, the movement of the dome, &c. The 
15-inch refractor has been used by H. Struve for obtaining 
micrometer measures of the brighter satellites of Saturn. He 
has obtained 42 comparisons of Japetus with Titan, 4o of Titan 
with Rhea, and 23 of Rhea with Dione. Herr Backlund has 
continued in charge of the 4-inch heliometer, and has measured 
with it the relative positions of Jupiter’s satellites, for a determi- 
nation of the mass of Jupiter, and of the orbits of the satellites. 
He. has also undertaken a series of measures to determine the 
parallax of Bradley 3077, which has a large proper notion, In 
the physical department of the Observatory Herr Hasselberg. 
using a Steinheil objective of 50 mm. aperture and 1°5 m. focal 
length, in combination with two bisulphide of carbon prisms, has 
succeeded in obtaining excellent photographic images of the 
solar spectrum. Between wave-lengths 4000 to 4227 on 
Angstrom’s scale, he was able to count some 650 lines, whereas 
Vogel’s map gives but 450 in the same space. During the 
course of the year 140 sun pictures were taken on 110 days. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 OCTOBER 17-23 

(7 OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) 
At Greenwich on October 17 

Sun rises, 6h. 29m. ; souths, rh. 45m. 24°2s. ; sets, 17h. 2m. 3 
decl. on meridian, 9° 20’ S.: Sidereal Time at Sunset, 
18h. 46m. 

Moon (at Last Quarter on October 20) rises, 19h. 15m.* ; souths, 
2h. 55m.; sets, 1oh. 42m. ; decl. on meridian, 16° 55’ N. 

Planet Rises Souths Sets Decl. on meridian 
. m, h. m. h. m, ater 

Mercury VRAOK Wiaeel2USque tenye E22 14 33S. 
Venus ... Bie) cn eA 16 50 3 32S. 
Mars . 10 45 14 43 18 41 22 45S. 
Jupiter... BORQe cy alIeohenss “LONS5S (3) Sb 
Saturn .. + 205 TAM SES Gee ee CST OO 21 19 N. 

* Indicates that the rising is that of the preceding evening. 

Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 

Oct. Star Mag. Disap. Reap. aoe a at ae 

inverted image 
h. m. h, m Ae 

ys.) LIT Lauri peu LOL 24pccg 2OmLe 69 240 
fe... 107) Lauri Speen Ecin LNs wle)anna HUNG aaa She) GIL 
BR) .c: BuA- ©. 3538.0 Gk tne (OSS) uss EE23y teen 400274) 
23 ... 44 Leonis wep OL) teeeis 2ielOme. EZ ES OMT 44a oy L 
Bee: BuAUC: 3562) 05 One 2) Auer 2) AON ene nat] 1208 

c h. A 
BO sis Vi Saturn in conjunction with and 3° 16’ north 

of the Moon. 
21 4 Mercury at greatest distance from the Sun. 
22 21... Venus in conjunction with and o° 18’ north 

of Jupiter. 
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Variable Stars 

Star R.A. Decl. 
hm. ao A h. m. 

U Cephei © 52:2... 81 16. N. .,. Oct "1995 an 772 
R Sculptoris |e > dy mera Xe Mats en Ie np, | 2275 M 
Algol oe 3 (08)...-40/.31) Ni... p55) ALORS 772 

59 ee 770 
A Tauri hes! ese, 930544 s-. 12, 1OINa a Lo MmONO! 272 

»» 21, 23 38 m 
RiGanissMinoris:.. 77/9 2°4\:.-.1O) 1209), as Peso M 
Si@aneris (ere cen (0037 Ave. LOZ TING ce |g Cem 772 
U Ophiuchi... 17 10°8 T 20\N. sc-u 5) Ose 772 

and at intervals of 20 8 
B Lyre... 18 45°9 ... 33 14.N. ... Oct-18; 0mo 7 

eh 5 OS 
n Aquilee 19 46°7 0 43N > LOmEzO. AT 

»» 23, 21 30 m 

5 Cephei 3) 222459 225157) SOUN. +s. (9) LOMMEZEEO! 772 
M signifies maximum ; 77 minimum. 

Meteor Notes 

There are a large number of active radiants visible during the 
present week, the chief shower being the Ovionids, R.A. 90°, 
Decl. 15° N. Other radiants are that of the Avvetids, R.A. 31°, 
Decl. 9° N. ; near y Aurige, R.A. 78°, Decl. 32° N.; that of 
the Gemellids, R.A. 108°, Decl. 24° N.; near « Leonis, R.A. 
143°, Decl. 28° N. ; and near Vega, R.A. 283°, Decl. 43° N. 
October 18 is a fireball date. 

THE NEW ELEMENT, GERMANIUM? 

OME months ago Dr. Clemens Winkler announced the dis- 
covery of a new element which he named germanium, a pre- 

liminary account of which has already appeared in these columns. 
Dr, Winkler has since been able to make a more systematic 
examination of the subject, and he now describes in detail the 
preparation and properties of the new element and also of a 
number of its compounds. The view he first held, that ger- 
manium occupied a position in the periodic system intermediate 
between antimony and bismuth, he now shows to be untenable, 
there being now no doubt that it is the efast/icteum of Mendele- 
jeff prophesied fifteen years ago. This latter view was, in fact, 
expressed by Richter, Mendelejeff, and Lothar Meyer shortly 
after the discovery of germanium. 

The new element occurs, as previously stated, in the recently- 
discovered mineral, argyrodite. Its isolation is, however, diffi- 
cult, especially from the presence of arsenic and antimony in 
minerals which accompany argyrodite. The formula assigned 
to the latter mineral is 3Ag,S,GeS,. 

The following is the best method for separating the ger- 
manium. The finely-powdered mineral is intimately mixed 
with an equal weight of soda and sulphur, and the whole sub- 
mitted to the action of a moderate red heat in a Hessian crucible. 
The product is powdered whilst still warm, and repeatedly 
boiled with water; the aqueous extract is slightly acidulated 
with sulphuric acid, and the precipitated sulphides of arsenic and 
antimony allowed to settle. On then adding a considerable 
excess of hydrochloric acid, the germanium sulphide is thrown 
down as a white voluminous precipitate ; this is gently roasted, 
then heated with concentrated nitric acid, and finally ignited. 
The germanium oxide obtained may be reduced by ignition in 
hydrogen. 

Germanium has a melting-point apparently somewhat lower 
than that of silver—that is, about 900°—and at a temperature a 
little higher than this it appears to volatilise. It crystallises in 
octahedra, is extremely brittle, has a perfect metallic lustre, and 
a grayish-white colour ; ils specific gravity is 5-469 at 20°"4. Itis 
insoluble in hydrochloric acid, is readily dissolved by aqua regia, 
is converted into a white oxide by nitric acid, and into a soluble 
sulphate by concentrated sulphuric acid. 

Determinations of the atomic weight of germanium were made 
by estimating the percentage of chlorine in the chloride, GeCl,, 
and the number 72°32 was obtained as the mean of four experi- 
ments, this number agreeing closely with the atomic weight of 
Mendelejeff’s ekasilicium. 

The specific heat of the new element has been determined by 
Nilson and Pettersson, at temperatures between 100° and 440°, 
with the following results :— 

* Clemens Winkler, Journal f. prakt. Chentie, 1836, pp. 177-220. 

z. 2 3 4 

0°0737 00772 070768 0°0757 
5°33 5°58 5°55 5°47 

Compounds of Germanium.—Oxides : There are two oxides of 
germanium, namely, GeO and GeO,. The former is obtained 
in the hydrated condition by heating the corresponding chloride 
(GeCl,) with sodium carbonate solution; on heating the pre- 
cipitate in a current of carbonic anhydride, the water is expelled 
and the grayish-black oxide, GeO, remains. The higher oxide is 
obtained by burning germanium in oxygen, or by decomposing 
the chloride, GeCl,, by water; it forms a dense white powder 
slightly soluble in water, possesses both basic and acid proper- 
ties, the latter being, however, the more pronounced. Szdphides: 
Two of these are likewise known, corresponding to the oxides. 
The lower sulphide, GeS, is obtained from the disulphide either 
by heating it with an excess of germanium in a current of car- 
bonic anhydride, or by gently igniting it in a current of hydro- 
gen ; it forms beautiful thin plates of almost metallic lustre and 
having a gray-black colour. Germanium disulphide, GeS,, is 
obtained by precipitating a solution of the dioxide by sulphur- 

Specific heat 
Atomic heat 

. 
| 

etted hydrogen with the addition of a considerable excess of a — 
mineral acid ; it is then thrown down as a bulky white precipi- 
tate which is very appreciably soluble in water. Chlorides = 
The dichloride, GeCl,, is formed when hydrochloric acid gas 1s 
passed over heated pulverulent germanium or its sulphide ; it is 
a thin colourless liquid, which fumes strongly on exposure to the 
air. The tetrachloride, GeCl,, is produced by burning germanium 
in chlorine, or by distilling a mixture of germanium with mer- 
curic chloride ; it is a thin colourless liquid boiling at 86° C. 
and fuming in the air; its specific gravity at 18° is 1°887. 
Lodide : A tetriodide, Gel,, only is known, and is best obtained 
by heating germanium in iodine vapour ; it forms a yellow pow- 
der, melts at 144°, and boils between 350° and 400°. 

AUSTRALASIA 

HE following have been quite recently received from 
Australasia :— 

Transactions and Proceedings of the New Zealand Institute 
for 1885, vol. xviii. (first of new series) (Wellington, May 1886). 
This volume commences a new series of these well-known 
Transactions, in which, ‘‘for convenience and economy” the 
size of the page has been reduced from the handsome royal octavo 
toa demy octayo size. The volume contains over 450 pages, and 
some 17 plates. Among the more important contributions which 
are printed in the Zyamsactions may be noted the following :— 
Miscellaneous: E, Tregear, the Maori in Asia.—Dr. J. Haast, 
stone weapons of the Moriori and the Maori.—Rev. S. W. 
Baker, new volcano in the Friendly Islands.—Zoology: T. 
Jeffery Parker, skeleton of Notornis.—T. White, feathers of 
two species of Moa.—A. Reischek, numerous papers on New 
Zealand birds.—W. Colenso, on the bones of a new species of 
Sphenodon.—W. W. Smith, on the habits of Ocydromus 
australis,—J. W. Kirk, on a new species of Argonauta.—Geo, 
M. Thomson and Chas. Chilton, critical list of New Zealand 
Crustacea Malacostraca.—E. Meyrick, New Zealand Micro- 
Lepidoptera (Tineina, Pars.).—A. T. Urquhart, on the spiders 
of New Zealand (many new species described and figured),— 
J. W. Kirk, on some species of Vorticella from Wellington 
describes thirteen species, of which two are given as new, and 
figured.—Bofany: W. Colenso, on some newly-discovered 
cryptogamic plants of New Zealand, describes some fifty-nine 
species ; two ferns, fourteen mosses, and forty-three Hepaticze, 
and hints that it may be the last lot of novelties that, owing to — 
age, he may himself collect and describe.k—On some new or | 
rare native plants, chiefly phanerogams ; on C/ianthus puniceus, 
Sol.—D. Petrie, on new species of native plants.—R. M. 
Lang, on classification of Algze, and on the Fucoids of Banks 
Peninsula.—T. F. Cheeseman, three new species of Coprosma. 
—T. Kirk, additions to the flora of Nelson.—Geo/ogy: Capt. 
F. W. Hutton, the geology of Scinde Island ; new Tertiary shells ; 
the Wanganui system, with a catalogue of the Mollusca.—A. 
McKay, on the age of the Napier limestone.—dAstronomy : 
Notes on the total eclipse of the sun of September 9, 1885, 
being a dizest of many communications. —Cemistry : W. Skey, 
ona new mineral (awaruite) from Barn Bay.—W. S. Hamilton, | 
on platinum crystals in the ironsands of Orepuki Goldfield. 

Proceedings of the Linnean Society of New South Wales, vol. x. 
part 4, with 18 plates (Sydney, April 1886).—Dr. R. von 
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Lendenfeld, studies on Sponges: (1) the vestibule of Dendrilla 
cavernosa, sp.n. ; (2) on Raphyrus luxonii, a new gigantic 
species from Port Jackson ; (3) Ha/me tingens ; (4) two cases of 
mimicry in Sponges (plates 39-43).—On recent changes in the 
forest flora of the interior of New South Wales; notes how 
the Pine Scrub (Callitris) rapidly supersedes the angiospermatous 
trees. The larva of a beetle (Deadoscus erythrurus) in part 
keeps the pine in check ; drought seems favourable to the de- 
velopment of the beetle, or at least, by affecting the vegetation 
of the pine, enable its ravages to be more felt.—On the Aus- 
tralian fresh-water Rhizopoda.—On an Alga forming a pseudo- 
morph of a siliceous Sponge.—On the dorsal papille of 
Onchidium.—Fourth addendum to the Australian Hydromedusz. 
—E. P. Ramsay and J. Douglas-Ogilby, descriptions of many 
new or rare fishes.—George Masters, catalogue of the de- 
scribed Coleoptera of Australia, part 2.—N. de Miklouho- 
Maclay and Wm. Macleay, the Plagiostomata of the Pacific, 
part 3 (plates 45, 46).—A. Sidney Olliff: Trogositidze of Aus- 
tralia. —On a new species of Chrysophanus.—On Australian 
Ptinide.—W. A. Haswell, on some Australian Polycheeta, 
part 1 (plates 50-55).—E. Meyrick, Australian Micro-Lepido- 
ptera.—J. Brazier, a new Ochidium.—New land and fresh- 
water Mollusca from New Guinea. 

Second series, vol. i. part 1, with 6 plates (May 25, 1886).— 
E. P. Ramsay and J. Douglas-Ogilby, descriptions of new 
Australian fishes; new species of fish from New Guinea; a 
new Coris from the New Hebrides.—E. P. Ramsay, on a new 
genus and species of fresh-water tortoise from the Fly River, 
New Guinea (plates 3-6).—George Masters, catalogue of Aus- 
tralian Coleoptera, part 3.—F. Ratte, Crioceras australe, 
Moore (?), a Lower Cretaceous fossil from Queensland (plates 1, 
2).—Wm. Macleay, the insects of the Fly River, New Guinea. 

-—C. W. de Vis, on some Geckos in the Queensland Museum. 
—A. S. Olliff, on a new Aphanipterous insect from New South 
Wales.—Wm. A. Haswell, on the myology of Petawrista 
taguansides.—Capt. F. W. Hutton, the Mollusca of the Pareora 
and Oamaru systems of New Zealand. 

Proceedings of the Royal Society of Queensland, vol. ii. parts 
I and 2, June 1886, contain, among others :—W. E. Armit, 
notes on the philology of the islands adjacent to the south- 
eastern extremity of New Guinea (pp. 2-12), and on the 
Papuans (pp. 78-116).—C. W. De Vis, on the bones and teeth 
of a large extinct lizard (pp. 25-31, plates I-3),—On an extinct 
Ornithorhynchus (pp. 35-40, plate 4).—On some new species of 
Salarias, and on a new species and genus of lizard (pp. 56-61). 
—On afossil Saurian (pp. 181-192, plates 10-15).— Henry Tryon, 
on Queensland harvesting-ants.—W. A. Tully, short account of 
the measurement of the base-line in connection with the trigono- 
metrical survey of Queensland.—Baron yon Miiller, on a new 
tiliaceous tree (Z/eocarpus Bancroftit) from North Eastern 
Australia. 

Proceedings of the Royal Society of Tasmania for 1885 (Tas- 
mania, 1886).—From the records of the Proceedings it is inter- 
esting to learn that, though the Society has lost the exclusive 
control over the Museum and Gardens, which now are managed 
by trustees, some of whom are elected by the Society, yet the 
work of the Society continues to develop, and its library to 
increase. This volume is accompanied by a sketch-map, 
coloured, giving the general geological features of Tasmania, 
by C. P. Sprent and R. M. Johnston; anda geological chart, 
by Mr. Johnston, showing the proposed provisional classification 
of the stratified rocks of Tasmania and their equivalents else- 
where.—Among the more important papers we note the fol- 
lowing :—R. M. Johnston, various memoirs on the geology and 
paleontology of ‘Tasmania.—R. A. Bastow, on the mosses and 
Jungermania of Tasmania.—W. F. Pettard, new Tasmanian 
marine shells.—Baron F, von Miiller, notes on J. J. H. de 
Labillardiere (with: a portrait)—Capt. Shortt, earthquake- 
phenomena in Tasmania.—T. Stevens, on boring for coal in 
‘Tasmania. 

ON THE OCCURRENCE OF CELLULOSE IN 
TUBERCULOSIS 

ELLULOSE, the principal constituent of the vegetable 
cell-wall, has been found to occur also in some animals ; 

the mantle of Phal/usta mamillaris and of Cynthia, and the exter- 
nal coat of Salpa consist mainly of tunicin, or animal cellulose. 
Now a further very valuable contribution to our knowledge of the 
occurrence of this body has been made in Vienna by Herr Ernst 
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Freund, working at Prof. E. Ludwig’s laboratory. Freund has 
succeeded in preparing from some of the organs and blood of 
tuberculous persons a substance exactly resembling cellulose, 
and showing all the reactions which have hitherto been described 
as peculiar to the latter. The reactions employed were the 
following :—(1) Conversion of cellulose when dissolved in 
concentrated sulphuric acid into dextroe on boiling with 
dilute sulphuric acid ; (2) resistance if treated with Schultze’s 
reagent, a mixture of nitric acid and chlorate of potas- 
sium ; (3) yielding of a collodion-like mass by the action of 
nitric acid and ether ; (4) assuming a blue colour by the action 
of iodine in presence of concentrated sulphuric acid or chloride 
of zinc solution ; (5) assuming a violet colour by the action of 
a naphthol when dissolved in concentrated sulphuric acid 
(Molisch’s reaction) ; (6) insolubility in common (indifferent) 
solvents (dilute alkalies) ; (7) solubility in a solution of cupric 
hydroxide in ammonia. The substance obtained from miliary 
tubercles and from the blood of tuberculous persons was sub- 
jected to ultimate analysis in three cases, and yielded between 
45°12 and 44°70 per cent. C, and between 6°41 and 6°19 per 
cent. H ; while 44°74 per cent. C and 6°17 per cent. H corre- 
sponds to C,H,,O;. A quantitative determination of the cellu- 
lose of the tubercles has not been made, ‘The researches 
were carried out on material from twenty-five tuberculous 
and thirty non-tuberculous cases. The tuberculous material 
(lungs, spleen, peritoneum with miliary tubercles, blood) em- 
braced cases of conglomerated as well as of infiltrated tubercu- 
losis in the different stages of the disease. The non-tuberculous 
material examined was taken partly from healthy organs, partly 
from organs affected by various diseases—as, ¢.g., from pneu- 
monia, emphysema, pulmonary gangrene--and failed to show 
any of the reactions described above. Carcinomatous, sarco- 
matous, lupoid, syphilitic, and other non-tuberculous granulations 
were also examined with negative results. From his researches 
Herr Freund makes the suggestion that in tuberculous growths 
and in the blood of tuberculous persons cellulose forms an 
intrinsic constituent. We need not refer to the importance and 
suggestiveness of Freund’s discovery for pathological science, 
making further researches on this subject very de-irable. 

DISINFECTION BY HEAT 

qeHE Annual Report for 1884 of the Medical Officer of the 
Local Government Board contained a memoir, by Dr. H. 

F. Parsons, on the subject of disinfection by heat. Of this 
memoir the leading points are here given. 

In considering the applicability of heat as a means of disin- 
fection, several distinct questions present themselves for solution. 
It has first of all to be determined what degree of heat and 
duration of exposure are necessary under different conditions, as 
of moisture and dryness, in order to destroy with certainty the 
activity of the contagia of infectious diseases. 
We have next to ascertain how the required degree of heat 

may be made to penetrate through bulky and badly conducting 
articles, e.g. of clothing and bedding, for the disinfection of 
which the application of heat is especially employed. 
We have also to learn whether such articles can be submitted 

to the required degree of heat without injury, for if not, disinfec- 
tion presents little advantage over destruction. 

After giving a résumé of the results of previous experiments 
to ascertain the degree of heat necessary to destroy the contagia 
of infectious diseases, from those of Dr. Henry published in the 
Philosophical Magazine for 1831, to those of Koch and his co- 
adjutors (AZittheilungen aus dem katserlichen Gesundheitsamte, 
Berlin, 1881), the author states the results of a series of experl- 
ments made by him in conjunction with Dr. Klein, who prepared 
the infective materials, and, after these had been exposed to 
disinfecting processes, tested the results by inoculation on ani- 
mals ; control inoculations with unheated portions of the same 
materials being also in all cases made. 

The following were the infective materials employed :— 
(1) Blood of guinea-pig dead of anthrax, containing bacillus 

anthracis without spores. 
(2) Pure cultivation of bacillus anthracis in rabbit broth, with- 

out spores. 
(3) Cultivation of bacillus anthracis in gelatine, with spores. 
(4) Cultivation of bacillus of swine fever (infectious pneumo- 

enteritis of the pig) in pork broth. 
(5) Tuberculous pus, from an abscess in a guinea-pig which had 

been inoculated with tubercle. 
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Infectious pneumo-enteritis of the pig (swine fever) has been 
shown by Dr. Klein to be caused by the introduction into the 
body of the affected animal of a specific bacillus. This disease 
among pigs is highly infectious, the contagium being transmis- 
sible from pig to pig through the air, and per-isting in infected 
buildings in a similar manner to the observed behaviour of small- 
pox and scarlet fever among human beings ; and, though not 
transmissible to mankind, it can be inoculated upon rodents, 
although in the latter animals it is not contracted by infection 
received through the air. 

The experiments on the disinfecting power of dry heat were 
mostly made in a copper hot-air bath, or in one improvised of 
flower-pots, and furnished with a Bunsen’s regulator ; those with 
steam were made in a felt-covered tin cylinder, through which 
passed a stream of steam from a kettle beneath. 

The mode of procedure in exposing the materials to heat was 
as follows :—Strips of clean flannel were steeped in the respec- 
tive infective fluids, dried in the air, wrapped separately and 
loosely in a single layer of thin blotting-paper, and suspended 
in the centre of the apparatus in company with a thermometer, 
so placed that its bulb was close to the packets of infected 
material. 

The following were the results of the experiments with dry 
heat :— 

Anthrax bacilli without spores were sterilised by exposure 
for five minutes only toa dry heat varying between 212° and 
218° F, 

Spore-bearing cultivations of the bacillus anthracis, on the 
other hand, did not lose their vitality by a two hours’ exposure 
to 220° F., but were sterilised by exposure for four hours to 
220° F., or one hour to 245° F. 

A rabbit inoculated with swine fever virus which had been 
exposed to dry heat varying between 212° and 218° F. for an 
hour remained well; but one inoculated with virus exposed to a 
similar heat for only five minutes, died of swine fever after nine- 
teen days, the usual time of death after inoculation being between 
five and eight days. 

Guinea-pigs inoculated with tuberculous pus exposed for five 
minutes to 220° F. remained well. 

The foregoing results, as far as regards anthrax, are far more 
favourable to the efficacy of dry heat as a disinfecting agent than 
those of Koch. It appears that the spores of the bacillus an- 
thracis lost their vitality, or at any rate their pathogenic quality, 
after exposure for four hours to a temperature a little over the 
boiling-point of water, or for one hour to a temperature of 245° F. 
Non-spore-bearing bacilli of anthrax and of swine fever were 
rendered inert by exposure for an hour to a temperature of 212°- 
218°, and even five minutes’ exposure to this temperature sufficed 
to destroy the vitality of the former, and impair that of the latter. 

As none of the infectious diseases for the extirpation of which 
measu-es of disinfection are in practice commonly required are 
known to depend upon the presence of bacilli in a spore-bearing 
condition, it is concluded that, as far as our present knowledge 
goes, their contagia are not likely to retain their activity after 
being heated for an hour to 220° F. 

In the experiments with steam the results were conclusive as 
to the destructive power of steam at 212° F. upon all the con- 
tagia submitted to its action. In one instance only was there 
room for suspicion that the disinfection had not been complete : 
this was in the case of the highly-resisting anthrax spores, 
exposed to steam for five minutes only : the animal had six days 
afterwards a swelling at the seat of inoculation, but remained 
well. On the other hand the animals inoculated with unheated 
portions of the same materials all died. 

These results are in accordance with those of Koch, Gaffky, 
and Loffler, and it may be considered established that the com- 
plete penetration of an object by steam heat for more than five 
minutes is sufficient for its thorough disinfection. 

In view of the above satisfactory results it was not deemed 
necessary to make any experiments as to the disinfecting power 
of steam at higher temperatures or under pressure, its efficacy 
being taken for granted. 

Dr. Klein found that boiling in water for only one minute was 
sufficient to render inert the spores of the bacillus anthracis, 
although it is known that some of the spore-bearing non- 
pathogenic bacilli are only destroyed by prolonged boiling, or by 
a moist temperature above the boiling-point. 

Some observations were made on the destruction of lice by 
heat. It was found that the eggs of lice could be conveniently 
hatched by tying up tightly in muslin a small piece of the gar- 

ment on which they were deposited, and carrying it about for a_ 
week or two in a warm pocket. Tested in this way no develop-— 
ment was found to take place in eggs of lice which had been — 
exposed for one hour to 300° F. dry heat, for one hour to | 
230” F. dry heat, or for ten minutes to steam at 212° F., or which 
had been boiled for five minutes in water. The maximum heat — 
which lice or their eggs will bear with impunity was not 
ascertained. 

In order to secure the thorough and certain disinfection byd 
heat of porous articles likely to retain infection, such as clothing — 
and bedding, it is necessary that the heat should be made to— 
permette the articles in every part to such a degree and for such 
a length of time as to destroy all infectious matter which they 
may contain. 

It has been remarked that such articles as bedding and blan- 
kets are the highest outcomes of the ingenuity of man to check 
the passage of heat. from one side of the object to the other. Tt 
is no wonder, therefore, that they should be found difficult of 
penetration by heat. Even thin layers, however, of badly con-. 
ducting substances interpose a considerable barrier to the passage 
of dry heat. The following experiment was made to ascertain 
how far the inclosing of infective objects in blotting-paper or 
test-tubes plugged with cotton wool (as in Dr. Koch’s experi- 
ments) hindered the full access of heat to them. 
Two similar registering thermometers were taken: the bulb | 

of one was tied up in a single layer of thin white blotting-paper, _ 
that of the other was placed in a test-tube 3 inch wide in such a 
manner as not to touch the sides, and a plug of white cotton 
wool I inch deep was pushed into the tube around the stem of 
the thermometer, but not as far as the bulb. Both the paper 
and cotton wool were previously dried. The two thermometers, 
together with another with bare bulb, were then husg up in a 
hot-air bath. Heat being applied, the thermometers were read. 
half-hourly as follows :— 7 

Readings of thermometer with bulb 
Time from lighting Bare In psper In tube 

os 3 F. 
4 hour 162 147 15! 
1 hour 212 193 196 
thhour ... 234 213 219 
2 hours 242 236 eS 238 
2k hours... 244 ne 244 200 244 

The following experiment was made with a thermometer having 
the bulb covered with a single layer of blanket and placed in the 
hot-air bath already heated :— 

Thermometer Thermometer 
aime inomsplacine an with bulb with bulb 

hot-air bath bare tay blanket 

4 hour 246 231 
1 hour 260 250 : 
14 hour 266 254i ; 
2 hours ae 268 263 
24 hours we 268 264 “4 

Experiments made with larger articles and apparatus showed 
how difficult it was to secure the penetration of a dry heat suffi- 
cient for disinfection into the interior of such an object as a 
pillow. It was only effected by employing a high degree of 
heat, or by continuing the exposure during many hours, length 
of exposure compensating for a lower degree of heat. On the 
other hand heat in the form of steam penetrates much more 
rapidly than dry heat. Thus a thermometer in a roll of dry 
flannel placed in a hot-air bath at 212° F., at the end of an hour 
registered only 130° F. In the same roll, placed in the steam 
cylinder for ten minutes, the thermometer marked 212° F.  Ex- 
periments on the large scale were equally conclusive. The causes” 
of the superior penetrative power of heat in the form of steam 
over hot air appear to be :— J 

(1) The large amount of latent heat in steam, set free on its 
condensation. In hot dry air, on the other hand, the evapora- 
tion of hygroscopic moisture takes up heat and delays the attain- 
ment of the required temperature. 7 

(2) Steam, on condensation into water, occupies but a ver 
small fraction of its former volume and thus makes room for 
more. Hot air in cooling diminishes in volume in much les 
proportion. 4 

(3) The heat evolved in the moistening of a dry porous sub- 
stance. In the centre of a highly-dried roll of flannel pla 
in the cylinder in acurrent of steam at 212° F., a thermometer, 
after five minutes’ exposure, registered 239° F. 



EEE 

ciently heated to insure disinfection. 

Oct. 14, 1886] NATURE 583. 

(4) The higher specific heat of steam than of air, 
(5) The greater diffusive power of steam than of air. 
(6) The effects of pressure. By applying steam under pressure, 

relaxed and reapplied from time to time, so as to displace the 
cold air remaining in the interstices of the material, we havea 
means of considerably increasing the penetrative power of the 
steam, 

In view of the superior efficacy of steam, both in the destruc- 
tion of infective matters and in the penetration of badly-conduct- 
ing materials, some experiments were made with moist air in 
the hope that it might be found possible to obtain the advantages 
of the use of steam without its drawbacks. 

In these experiments either an evaporating vessel containing 
water was placed at the bottom of the hot-air chamber, or steam 
evolved in a separate boiler was led into the chamber by a pipe. 

An attempt was made to measure the degree of humidity of 
the air by suspending in the chamber two maximum-registering 
thermometers arranged side by side, one of them having its bulb 
covered with gauze kept moist by dipping in a phial of water, 
as in the wet-and-dry-bulb arrangement employed by meteoro- 
logists. It appears, how-ver, that there are no tables or 
formulz in existence by which the degree of humidity of the air 
corresponding to a given difference between the wet and dry 
bulb thermometers at these high temperatures can be ascer- 
tained. ‘The conditious in a heated chamber are so different 
from those met with in meteorological practice, that it is doubt- 
ful whether the relative humid. ty of the air could be obtained in 
this way with any great degree of accuracy ; but a comparison 
of the readings of the wet and dry bulb thermometers was found 
in practice to be useful as a rough indication of the dryness or 
dampness of the air, although the readings could not be reduced 
to a common measure. 

The experiments seem to show conclusively that moistening 
the air of the heated chamber diminishes the time necessary for 
the penetration of heat into a badly-conducting object. As 
examples the following observations may be quoted. They 
were made in an iron chamber heated by a furnace underneath, 
and furnished with a pipe by which steam could be admitted. 

Asmall jet Large jet 
Bes of eae of son 

admitted admitted 

Maximum readings of ( Dry bulb 299° F. ... 299° F. ... 249° F. 
thermometers hung 
up in chamber... | Wet bulb 146° Ob 190° 

Temperature attained in centre 
of similar pillows exposed for > 136° . 188° 209° 
one hour in heated chamber 

The moistening of the air of the heated chamber by either 
method was further found to have the advantage of rendering 
more equable the distribution of temperature in different parts 
of the chamber, thus tending to prevent scorching of the articles 
placed therein. 

On the other hand it was not found that the presence of 
moisture in proportions such as these, or even greater, increased 
the disinfecting effect at the temperature employed ; spores of 
the bacillus anthracis vetained their vitality equally well in 
heated air whether it were moist or dry ; thus they caused the 
death of a guinea-pig after exposure for an hour to a tempera- 

dry bulb 220° F. 
wet bulb 190° F. 

current of steam at 212° F. was sufficient to render them inert. 
To avoid risk of injury to articles subjected to disinfection by 

heat is an important practical question, not only on account of 
the value of the articles themselves, but also because, if the 
exposing of such articles to heat be attended with risk of injury, 
there is danger lest, to avoid this risk, they may not be suffi- 

The following are the 
principal modes in which injury may occur ; they are somewhat 
different in the case of steam from that of dry heat :— 

1. Scorching or partial decomposition of organic substances 
by heat. In its incipient stages this manifests itself by changes 
of colour, changes of texture, and weakening of strength. 

2. Overdrying, rendering materials brittle (by dry heat). 
3. Fixing of stains, so that they will not wash out. 
4. Melting of fusible substances, as wax and varnish, and 

ignition of matches accidentally left in pockets. 
5. Alterations in colour, gloss, &c., of dyed and finished 

goods, 
6. Shrinkage and felting together of woollen materials. 

ture of whereas five minutes’ exposure to a 

7. Wetting (by steam). 
Scorching begins to occur at different temperatures with 

different materials, white wool being soonest affected. It is 
especially apt to occur where the heat is in the radiant form. 
To avoid risk of scorching the heat should not be allowed much 
to exceed 250° F., and even this temperature is too high for 
white woollen articles. 

By a heat of 212° and upwards, whether dry or moist, many 
kinds of stains are fixed in fabrics so that they will not wash out. 
This is a serious obstacle in the way of the employment of heat 
for the disinfection previous to washing of linen, &c., soiled by 
the discharges of the sick. 

Steam disinfection is inapplicable in the case of leather, or of 
articles that will not bear wetting. It causes a certain 
amount of shrinkage in textile materials, about as much 
as an ordinary washing. ‘The wetting effect of the steam may 
be diminished by surrounding the chamber with a jacket con- 
taining steam at a higher pressure, so as to superheat the steam 
in the chamber. 

For articles that will stand it, washing in boiling water (with 
due pr2cautions against re-infection) may be relied on as an 
efficient means of disinfection It is necessary, however, that 
before boiling the grosser dirt should be removed by a pre- 
liminary soaking in cold water. This should be done before 
the linen leaves the infected place. 

The objects for which disinfection by dry heat or steam is 
especially applicable are such as will not bear boiling in water, 
e.g., bedding, blankets, carpets, and cloth clothes generally. 

Apparatus for disinfection by heat may be classified as 
follows :— 

(a) By hot atr— 
I. Apparatus in which the heat is applied to the outside o 

the chamber, and the products of combustion do not 
enter the interior. 

2. Apparatus in which the heated products of combustion 
enter the interior. 

3. Apparatus heated by steam or hot water circulating in 
closed pipes. 

4. Apparatus in which air previously heated is blown into 
the chamber. 

(b) By steam— 
5. By a current of free steam. 
6. By steam confined in a chamber at pressures above that 

of the atmosphere. 
The most important requisites of a good apparatus for disin- 

fection by heat are (a) that the temperature in the interior shall 
be uniformly distributed ; (6) that it shall be capable of being 
maintained constant for the time during which the operation 
extends ; and (c) that there shall be some trustworthy indication 
of the actual temperature of the interior at any given moment. 
Unless these conditions be fulfilled, there is risk, on the one 
hand, that articles exposed to heat may be scorched, or on the 
other hand, that through anxiety to avoid such an accident the 
opposite error may be incurred, and that the articles may not be 
sufficiently heated to insure their disinfection. 

In dry-heat chambers the requirement (a) is often very far 
from being fulfilled, the temperature in different parts of the 
chamber varying sometimes by as much as 100°. This is 
especially the case in apparatus heated by the direct application 
of heat to the floor or sides of the chamber. The distribution of 
temperature is more uniform in proportion as the source of heat 
is removed from the chamber, so that the latter is heated by cur- 
rents of hot air rather than by radiation. 

There is a marked difference between the distribution of 
temperature in a chamber heated primarily by radiant heat and 
in one heated by the admission of hot air or steam. Radiant 
heat is most intense close to its source, diminishing rapidly as we 
recede therefrom. Also it does not turn corners, and thus 
objects lying behind others are screened from it, except so far as 
it may be reflected upon them from other surfaces. The rays 
strike the walls of the chamber and objects therein, so that these 
are more highly heated than the air, which becomes heated only 
secondarily by contact with them. 

On the other hand, if air already heated, or steam, be ad- 
mitted into a chamber, the temperature tends to equalise itself in 
the different parts, and the walls and solid contents of the 
chamber do not become hotter than the air. 

In chambers heated by gas, when once the required tempera- 
ture has been attained, but little attention is necessary to maintain 
it uniform, and in the best-made apparatus this is automatically 
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performed by a thermo-regulator. On the other hand, in 
apparatus heated by coal or coke the temperature continually 
tends to vary, and can only be maintained uniform by constant 
attention on the part of the stoker. 

In very few hot-air chambers did the thermometer with which 
the apparatus was provided afford a trustworthy indication of the 
temperature of the interior; in some instances there was an 
error of as much as 100° F,_ This is due to the thermometer, 
for reasons of safety and accessibility, being placed in the coolest 
part of the chamber, and to the bulb being inclosed for protec- 
tion in a metal tube which screens it from the full access of heat. 
The difficulty may be overcome by using, instead of a thermo- 
meter, a pyrometer actuated by a metal rod extending across the 
interior of the chamber. 

In steam apparatus the three requirements above mentioned 
are all satisfactorily met, and for this reason, as well as on account 
of the greater rapidity and certainty of action of steam, both 
in penetrating badly conductive materials and in destroying 
contagia, steam chambers are, in Dr. Parsons’s opinion, greatly 
preferable to those in which dry heat is employed. 

It is important that the arrangements of the apparatus, the 
method of working, and the mode of conveyance to and fro, 
should be such as to obviate risk of articles which have been 
submitted to disinfection coming into contact with others which 
are infected. 

The latter part of the Report is taken up with descriptions of 
the various forms of apparatus in use for disinfection by heat, 
and accounts of experiments made with a view to test their prac- 
tical efficiency. 

ON THE FRACTIONATION OF YTTRIA? 

AVING already explained the methods of chemical fractiona- 
tion, it may be useful now to describe some of the results 

yielded by an extended perseverance in these operations, 
I must, in the first place, explain that my work has been con- 

fined to a limited and very rare group of bodies—the earthy 
bases contained in such minerals as samarskite, gadolinite, &c. 
These have been repeatedly put through the fractionation mill 
by other chemists, but the results have been most unsatisfactory 
and contradictory, no sufficiently good test being known whereby 
the singleness of any earth got out by fractionation could be 
decided, except the somewhat untrustworthy one of the atomic 
weight. I say wntrustworthy, because it is now known that 
fractionation, unless it is pushed far beyond the point to which 
some Continental chemists have even carried it, is quite as liable 
to give atures which refuse to split up under further treatment | 
of the same kind, as it is to yield a chemically simple body. 
This I have fully gone into in my paper ‘‘ On the Methods of 
Chemical Fractionation.” The unsatisfactory nature of frac- 
tionation work may be seen from expressions used, in private 
letters to me, by some of the eminent chemists who have almost 
made this method their own. One writes—‘‘ It is very tiresome 
working with the rare earths, as we never can be sure when we 
have got a definite result. There will never be an end to their 
history. I am very tired of it, and am much inclined to give it 
up.” Another writes—‘‘ Unfortunately I commenced my re- 
searches on the rare earths with too little material, and I have 
not had the courage, at my age, to recommence the work on 
more abundant material. The further I advance in my work 
the more I am convinced that no known method permits of the 
complete separation of these different earths one from the other.” 
A third writes—‘‘ One loses so much material in the separations 
that it appears to me scarcely possible, with the material avail- 
able, to arrive at a successful solution of the question.” I could 
multiply similar quotations, all breathing the same almost 
despairing spirit. 

It would certainly not have been prudent on my part to invite 
a time-honoured comparison, and ‘rush in” where so many 
eminent men “fear to tread,” were it not that good fortune had 
placed in my hands a physical test for these obscure molecular 
groupings which is of the most exquisite sensitiveness. I refer 
to what I have for shortness called the Radiant-Matter test. 

It is well known that a limited group of these rare earths, 
when phosphoresced #7 vacuo, yield discontinuous spectra. The 
method adopted to bring out the spectra is to treat the substance 
under examination with strong sulphuric acid, drive off excess of 
acid by heat, and finally to raise the temperature to dull redness. 

* A Paper read before Section B of the British Association at the Bir- 
m‘ngham meeting, by William Crookes, F.R.S., V-P.C.S 
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It is then put into a radiant-matter tube of the form shown in 
Fig. 1, and the induction spark is passed through it after the 
exhaustion has been pushed to the required degree. The phos- 
phorescence occurs beneath the negative pole. As each gaseous 
molecule, carrying its charge of negative electricity with it, 
strikes the earthy sulphate, it has a tendency to part with its 
charge, provided it finds a body ready to take up the electricity ; 
otherwise it retains its charge. Bodies like yttrium sulphate, 
&c., easily take the clectric charge, and under the stimulus 
phosphoresce, emitting light whose waves tend to collect round 
definite centres of length, The phosphorescent light which the 
discharge evokes is best seen in a spectroscope of low dispersion, 
and with not too narrow a slit. In appearance the bands are 
more analogous to the absorption-bands seen in solutions of 
didymium than to the lines given by spark spectra. Examined 
with a high magnifying power, all appearance of sharpness gene- 
rally disappears: the scale measurements must therefore be 
looked upon as approximate only ; the centre of each band may 
be taken as accurately determined within the unavoidable errors 
of experiment, but it is impossible to define their edges with 
much precision. The bands are seen much sharper when the 
current first passes than after the current has been passing for 
some time and the earth has become hot. On cooling, the sharp- 
ness of the bands re-appears. 

As a general rule, the purer the earth the sharper the band, 
and when impurities are removed to the utmost extent, the 
sharpness is such as to deserve the name of a line. This may be 
illustrated by mixing together yttria and lime. Lime phos- 
phoresces with a continuous and yttria with a discontinuous — 
spectrum. Mixed together, the phosphorescing energy of the 
lime does not spend itself over the whole spectrum, but concen- 
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trates itself in greatly reinforcing the yttria bands. A molecule 
of yttria vibrating with a definite wave-length gives a nearly 
sharp line, but the molecule of lime with which it is weighted 
has no special tendency to vibrate to one wave-length more than 
another. The yttria induces the right vibration in the adjacent 
molecule of lime; but this lime, once set in vibration, cannot 
confine itself to the exact wave-length required, and overflows a 
little on each side, and the result is a widening and blurring of 
the bands, becoming greater in amount as the extraneous earth 
increases in quantity. 

To this rule one exception occurs. The body which I have 
named Sé, or 609, is remarkable for the great sharpness of its 
phosphorescent line, and I have noticed scarcely any variation 
in its sharpness, however large the bulk of extraneous earth 
associated with it. This line, however, is sharper and brighter 
when the currert is first turned on than it is after the earth has 
been phosphorescing for a minute or so. 

In the Bakerian lecture on yttrium delivered before the Royal 
Society (PAz/. Trans. Part 3, 1883), I described the phosphor- 
escent spectrum given by this element, and in the address which 
I have had the honour of delivering before this Section I gave a 
drawing of the spectrum of yttrium, together with a sketch of 
the train of reasoning by which I had been led to the opinion 
that excessive and systematic fractionation had split up this stable 
molecular group into its components, distributing its atoms into 
several groups, with different phosphorescent spectra. 

No longer than twelve months ago the name yttria conveyed 
a perfectly definite meaning to all chemists. It meant the oxide 
of the elementary body yttrium. I have in my possession speci- 
mens of yttria from M. de Marignac (considered by him to be : 
purer than any chemist had hitherto obtained), from M. Cléve | 
(called by him ‘‘purissimum”’), from M. de Boisbaudran (a 
sample of which is described by this eminent chemist as ‘‘ scarcely 
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soiled by traces of other earths’’), andalso many specimens pre- 
pared by myself at different times and purifiel up to the highest 
degree known at the time of preparation. Practically these 
earths are all the same thing, and up to a year ago every living 
chemist would have described them as identical, z.e. as the 
oxide of the element yttrium. They are almost indistinguishable 
one from the other both physically and chemically, and they give 
the phosphorescent spectra 272 vacuo with extraordinary brilliancy. 
This is what I formerly called yttria, and have more recently 
called o/d yttria Now these constituents of old yttrium are not 
impurities in yttrium any more than praseodymium and neo- 
dymium (assuming them really to be elementary) would be im- 
purities indidymium. They constitute a veritable splitting up 
of the yttrium molecule into its constituents. 

The plan adopted in the fractionation of yttria does not differ 
in principle from the methods described in my former paper 
** On the Methods of Chemical Fractionation.” Dilute ammonia 
is added to a very dilute solution of the earth in only sufficient 
quantity to precipitate one half. After standing for several 
hours the precipitate is filtered. After each fractioning the 
filtrate is passed to the left and the precipitate to the right, 
and the operations are continued many thousand times. 

The diagram (Fig. 2) shows the scheme clearly, with the 
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| direction the precipitates and solutions travel. Limited space, 

eyen on a large diagram, prevents me from giving more than a 
few operations, but they will be sufficient to satisfy you that 
enormous patience, a large amount of material, and a not in- 
significant number of bottles, are requisites for successful frac- 

| tionation. Such proceedings are tedious enough even in their 
| narration, but no mere words can enable any one to realise the 
| wearisome character of these operations when repeated day by 

day, month after month, on long rows of Winchester quart 
bottles. 

After a certain time, on examining the series of earths in the 
lowest line of bottles, their phosphorescent spectra are found to 
alter in tle relative intensities of some of the lines, and ulti- 
mately different portions of the fractionated earths show spectra 
such as I have endeavoured to illustrate at the foot of the 
diagram (Fig. 2), where I give the spectra of five components of 
yttrium. 

The final result to which I have come is that there are certainly 
five, and probably eight, constituents into which yttrium may be 
split. Taking the constituents in order of approximate basicity 
(the chemical analogue of refrangibility), the lowest earthy con- 
stituent gives a deep blue band, Ga (A 482); then there is a 
strong citron band, G5(A 574), which has increased in sharpness 
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till it deserves to be called a line; then come a close pair of 
greenish-blue lines, GB (A 549 and A 541, mean 545); then a 
red band, G¢ (A 619), then a deep red band, Gy (A 647), next a 
yellow band, Ge (A 597), then another green band, Gy (A 564) ; 
this (in samarskite and cerite yttria) is followed by the orange 
line S35 (A 609). The samarium bands remain at the highest 
part of the series. These, I am satisfied, are also separable, 
although for the present I have scarcely touched them, having 
my hands fully occupied with the more easily resolvable earths. 
The yellow band, Ge, and green band, Gy, may in fact be due 
to a splitting up of samarium. 

Until we know more about these bodies I refrain from naming | 
them, but will designate them provisionally by the mean wave- 
length of the dominant band. If, however, for the sake of 
easier discussion among chemists a definite name is thought to 
be more convenient, I will follow the plan frequently adopted in 
such cases, and provisionally name these bodies as shown in the 
table given below. 

The initial letters S and G recall the origin of the earths 
respectively from Samarskite and Gadolinite. 

Not only has yttrium been split up by subjection to fractiona- 
tion, but samarium, as I have hinted above, is likely to prove | 
equally unable to resist this operation. In the phosphorescent 
spectrum of samarium sulphate the line Sd (609) is one of the 

constituents. When yttria is added to samaria this line is deve- 
| loped in greater intensity, as yttria has the power of deadening 
| the other bands of samarium, while it does not seem to affect the 
| 
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| ee Boek Probability 
| 3 Ss 

Bright lines in— 
Deep blue 8:93t 482 4304 Ga New , 
Greenish-blue New, or the Z3 of 

(mean of ar 9°650 545 3367 GBS M. de Boisbau- 
close pair... \ dran 

Greensn...:- 1s 9812 564 3144 Gy New 
| ( New, or the Za of 
Ie Citron .s..:0:.- 9890 574 3035 Gd M. de Boisbau- 

dran 
Yellow......... 10°050 597 2806 Ge New 
Orange... I0o'l29 609 2693 S6d New 

ime Red).2..<....... 10285 610) 260r GG New: 
Deep red...... 10°338 647 2389 Gn New 

| line Sd. Several circumstances, however, tend to show that 
although line S55 accompanies samarium with the utmost per- 
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tinacity, it is not so integral a part of its spectrum as the other 
red, green, and orange lines. For instance, the chemical as well as 
physical behaviour of these line-forming bodies is different. On 
closely comparing the spectra of specimens of samaria from dif- 
ferent sources, line S6 varies much in iatensity, in some cases 
being strong and in others almost absent ; the addition of yttria 
is found greatly to deaden the red, orange, and green lines of 
samarium, while yttria has little or no effect on the line Sé; 
again, a little lime entirely suppresses line S8, while it brings 
out the samarium lines with increased vigour. Finally, attempts 
to separate line Sé from samarium and those portions of the 
samarskite earths in which it chiefly concentrates has resulted in 
sufficient success to show me that, given time enough, and an 
almost inexhaustible supply of material, a separation would not 
be difficult. These facts, together with the peculiar behaviour 
of the lines Ge and Gy, strengthen my suspicion as to the 
resolvability of samarium. 

Samaria giving the line S5 had been prepared from cerite and 
samarskite. Many observations had led me to think that the 
proportion of band-forming constituents varied slightly in the 
same earth from different minerals. Amongst others, gadolinite 
showed indications of such a differentiation, and therefore I con- 
tinued the work on this mineral. Very few fractionations were 
necessary to show that the body giving line S85 was not pre- 
sent in the gadolinite earths ; no admixture of yttria and samaria 
from this source giving a trace of it. It follows, therefore, that 
the body whose phosphore:cent spectrum gives line $5 occurs in 
samarskite and cerite, but not in gadolinite. 

It now became an interesting inquiry whether all these 
constituents of yttrium were united together in exactly the 
same proportion in every case. A glance at the diagram will 
show that yttrias from different sources, although they may be 
alike as far as our coarser chemical tests are concerned, are 
not built up exactly in the same manner. Thus, when the 
samarskite yttrium was forming, all the constituent molecules— 
which I have provisionally named Ga, GB, Gy, G3, Ge, G6, 
Gy, and Sé—condensed together in fair proportion. In gado- 
linite yttrium the constituents G8 and Gé are plentiful, G¢ is 
very deficient, S6 is absent, and the others occur in moderate 
quantities. In the yttrium from xenotime Gé is most plentiful, 
GB occurs in smaller proportion, Gis all but absent, and S5 is 
quite absent. Yttrium from monazite contains GB and G65; with 
a fair proportion of the other constituents, G8 is plentiful and 
the red is good. Yttrium from fluocerite is very similar to that 
from monazite, but Ga is weaker. Yttrium from hielmite is 
very rich in Gd, has a fair quantity of Ga and Gf, less of Gy, 
no Sd, and only a very faint trace of Gn. Yttrium from euxenite 
is almost identical with that from hielmite. Yttrium from cerite 
contains most G¢ and G8, less Ga and G8, only a trace of Gn, 
anda fair proportion of S5. 

I have already mentioned how the key to these explanations 
was gained by an examination of the phosphorescent spectrum 
of M. de Marignac’s Ya (now called by him gadolinium). 

Referring to the diagram, it is seen that Ya is composed of 
the following band-forming bodies :—GB£, $3, G¢, together with 
alittle samarium. Calling the samarium an impurity, it is thus 
seen that gadolinium is composed of at least three simpler bodies. 

It is by a method of his own, differing from mine, that M. de 
Boisbaudran has obtained phosphorescent spectra of some of the 
rare earths. He takes the induction-spark between the surface 
of a strong and acid solution of the metallic chloride and a clean 
platinum wire a few millims. above it. The platinum wire is 
kept negative and the solution positive ; it is then ob-erved that 
in many cases a thin layer of fluorescent light is seen at the 
surface of the liquid. This layer gives a spectrum of nebulous 
bands. For the sake of brevity I will adopt M. de Boisbaudran’s 
term, and call this process the method of reversion (the direction 
of the spark being reversed). As this method is entirely different 
to the one I adopt, it is not surprising that the results are also 
different. Experimenting in this way M. de Boishaudran has 
obtained, among others, two bands (A 573 and A 543°2), which 
he considers are caused by two elements, named respectively Za 
and ZB, and which he considers new, at all events if we except 
terbium and pos-ibly the elements of what was formerly called 
holmium. His method fails to show any spectrum in solutions 
of yttria which by my method give the yttria bands with the 
greatest brilliancy ; while conversely his method shows a fluor- 
escent spectrum in solutions of earths separated as widely as 
possible from yttria, chemically as well as spectroscopically. My 
experiments on both these methods tend to the conclusion that 

| our bands are not due to the same cause, although M. de Bois- 
baudran’s experiments have led him to the opposite conclusion. 
The band of ZB (543) falls between the double green band G8, 
and the band of Za (573) would come very near the citron line 
G6. 

In the hands of a practised experimentalist like M. de Bois- 
baudran this method may give trustworthy indications, but I 
must confess that in my opinion the test is one beyond the range 
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of practical analysis, owing to the enormous difficulty of getting — 
the phenomena described by the discoverer. Unless the strength 
of spark, the concentration and acidity of solution, and the dis- 
persion and magnifying power of the spectroscope bear a certain 
ratio one to the other, the observer is likely to fail in seeing a 
spectrum even in solutions of earths which contain considerable 
quantities of Za and Z8. In my own case I not only have had 
the advantage of personal instruction in Paris from M. de Bois- 
baudran himself in the best method of getting these reversion 
spectra, but on returning to London I brought with me some of - 
the identical earths which give these spectra at their best. 
spite of these advantages I have sometimes experimented off and 
on for weeks without being able to see more than a feeble 
glimmer of the bands described by M. de Boisbaudran. 

Again, when everything is most favourable and the reversion 
bands are at their strongest, they are but a faint and hazy 
shadow of the brilliant lines given by the bombardment process. 
M. de Boisbaudran, speaking of the relative sensitiveness of our 
two methods, says that the bombardment process 7” vacuo is 
incomparably more delicate than his reversion test, and I esti- 
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mate the relative sensitiveness of the two methods to be in the © 
proportion of about I to Ioo. 

You have probably anticipated in your minds a question which 
is likely to occur at this point of the inquiry. If such results 
have been obtained by submitting yttrium to this novel method 
of analysis, what will be the result of fractionating some other 
reputed element ? 

Yttrium, as I have explained, is an exczedingly stable mole- 
cular group, capable of acting as an element, just as calcium, — 
for instance, acts as an element : to split up yttrium requires not 
only enormous time and material, but the existence of a test by 
means of which the constituents of yttrium are capable of recoz- 
nition. Had we tests as delicate for the constituent molecular 
groups of calcium, this also might be resolved into simpler 
groupings. It is one thing, however, to find out means of 
separating bodies which we know to be distinct and have colour 
or spectrum reactions to guide us at every step; it is quite 
another thing to separate colourless bodies which are almost 
identical both in chemical reaction and atomic weight, especially 
if we have no suspicion that the body we are dealing with is a 
mixture. 

(I mention calcium because it is one of several other elements 
which I have put through the fractionation miil. Many hundred 
operations have given me just sufficient encouragement to make 
me wish I had time to push this work to the end.) 

One of the chief difficulties in the successful carrying out of an 
investigation in radiant-matter spectroscopy is the extraordinary 
delicacy of the test. This extreme sen<itiveness is a drawback 
rather than a help. To the inexperienced eye 1 part of 
yttrium in 10,000 gives as good an indication as I part in [0, 
and by far the greater part of the chemical work undertaken 
in my hunt for spectrum-forming elements was performed 
upon material which later knowledge shows did not contain 
sufficient to respond to any known chemical test. It is as if the 
element sodium were to occur in ponderable quantity only in a 
few rare minerals seldom seen out of the collector’s cabinet. 
With only the yellow line to guide, and seeing the brilliancy 
with which an imponderable trace of sodium in a mineral de- 
clares its presence in the spectrum, I venture to think that a 
chemist would have about as stiff a hunt before he caught his 
yellow line as I have had to bring my orange and citron bands 
to earth. ; 

Chemistry, except in few instances, as wate--analysis and the 
detection of poisons, where necessity has stimulated minute 
research, takes little account of ‘‘ traces,” and when an analysis 
adds up to 99°999, the odd o‘oor per cent. is conveniently put 
down to “impurities,” ‘‘ loss,” or ‘* errors of analysis.” When, 
however, the 99°999 per cent. constitutes the impurity, and this 
exiguous ‘oor is the precious material to be extracted, and 
when, moreover, its chemistry is absolutely unknown, the diffi- 
culties of the problem become enormously enhanced. Insolubility 
as ordinarily understood is a fiction, and separation by preci 

diel nate tie 
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pitants is nearly impossible. A new chemistry has to be slowly 
built up, taking for data uncertain and deceptive indications, 
marred by the interfering power of mass in withdrawing soluble 
salts from a solution, and the solubility of nearly all precipitates 
when present in traces in water or in ammoniacal salts. What 
is here meant by ‘‘traces” will be better under tood if I give an 
instance. After fifteen months’ work I obtained the earth 
yttria in a state which most chemists would call absolutely pure, 

_ for it contained not more than 1 part of impurity (samaria) 
in 250,000 parts of yttria. But this one part in a quarter of a 
million profoundly altered the charac’er of yttria from a radiant- 
matter-spectroscopic point of view, and the persistence of thi: 

_ very minute quantity of interfering impurity entailed another ten 
months’ extra labour to eliminate these final ‘traces,’ and to 

ascertain the real reaction of yttria pure and simple. 
The radiant-matter test applied to these phosphorescing bodies 

proves itself to be every day more and more valuable, and one 
of the most far-searching and trustworthy tools ever placed in 
the hands of the experimental chemist. It is an exquisitely 
delicate test, capable of being applied to bodies which have 
been approximately separated, but not yet completely isolated, 
by chemical means; its delicacy is unsurpassed even in the 
region of spectrum analysis ; its economy is great, inasmuch as 
the test involves no destruction of material ; and its convenience 
is such that any given specimen is always available for future 
reference. Likewise, the quantity of material is limited solely 
by the power of the human eye to see the body under examina- 
tion. Beyond all these excellences is ils trustworthiness. I 

_ should perhaps exceed the legitimate inference from experience 
were I to claim that this test is infallible ; but this I may say— 
during the five years in which the test has been in daily use in 
my laboratory, I never once have been led to view its indications 

_ with suspicion. Anomalies and apparent contradictions have 
cropped up in plenty ; but a little more experiment has always 
shown that the anomalies were but finger-posts pointing to fresh 
paths of discovery, and the contradictions were due to my own 
erroneous interpretation of the facts before me. 

SCIENTIFIC SERIALS 

Rendiconti del Reale Istituto Lombardo, July.—On some new 
substituted derivatives of benzine, by E. G. Korner. In order 
to complete the still defective aromatic series, the author has 
prepared a number of these derivatives, studying them in con- 
‘nection with the relative isomerous compounds. The list in- 
cludes a hydrochlorate, (B)HCI,H,O; asulphate, (B)2H,SO,; 
orthoiodacetanilide, C;H,I . NHC,H,0 ; and nitro-orthobiiodo- 
benzine, probably C,H,. I. 1. H. NO,.—On the effects of the 
sulphate of copper against the parasites of the grape-vine, by 
Prof. Gaetano Cantani. It is shown that this remedy, which 
has already been successfully tried in France, should also he 
introduced in Italy, if not to supersede, at least jointly with, the 
milk of lime.—Chemical and experimental researches on human 
milk, by Prof. G. Sormani and T. Gigli. It appears from the 
authors’ experiments that a mixed or normal diet yields far 
etter results than an exclusively animal or vegetarian régime. 

Meteorological observations made at the Brera Observatory, 
Milan, during the month of July. 

Botanische Fahrbiicher, von A. Engler, Siebenter Band, 
Weft iv.—Contributions to the morphology and classification of 
the Cyperacee, by Dr. F. Pax. The author regards the Cyper- 
aceze as reduced types cf a series which is more advanced phylo- 
genetically than the Juncaceze. As regards their relations to the 
Graminez, he concludes that the affinity is not so direct that the 
one family could be derived from the other.—On the flower and 
inflorescencé of the Centrolepidaceze, by Prof. Dr. G. Hieronymus. 

Contributions to the flora of the Cameroons, by A. Engler. 
list of plants collected by Dr. Buchholz in the Cameroons 

in 1874, with descriptions of the new species.—On the origin 
+ of the weeds on arable land and waste places in Germany, part 1, 
| by F. Hellwig.—Abstracts of important papers. 
| Heft v. opens with part 2 of the above paper by Dr. Hellwig. 
The first part is chiefly occupied with the general consideration 
of the subject, and lists of the plants in question ; while the 
seccnd contains a detailed account of the origin of the plants 
Named in the foregoing lists.—The orchids collected by Dr. 

_ Naumann on the expedition of H.M.S. Gazelée, by F. Kranzlin. 
The volume closes with a valuable list of works published during 

1885, on classificatory botany, &c. This, together with the 
frequent analyses of the more important of those papers which 
are published in languages not usually familiar to ordinary 
ia greatly enhances the value of Dr, Engler’s excellent 
serial. 

Bericht iiber die Thatigheit der botanischen Section der Schles- 
ischen Gesellschaft, 1885, compiled by Prof. Dr. F. Cohn.— 
The Botanical Section of the Society held nine meetings during 
the year 1885, at which the following original papers were 
read :—Dr. Engler, on the vegetation of the German possessions 
in South Africa.—Dr. Pax, on the genus Acer.—Herr Limp- 
richt, on the formation of pores in the cortex of the Sphagna.— 
Dr. Eidam, on an Entomophthoraceous fungus found on frogs’ 
dung.—Dr. Schroter, on the mycological results of a journey to 
Norway.—Dr. Pax, on the morphology and classification of the 
Cyperacex.—Dr. Engler, on the family of the Typhaceez,—The 
report closes with a statement of the results of the investigation 
of the Phanerogamic flora of the district in 1885, arranged by 
R. von Uechtritz. 

Beitrage cur Biologie der Pflanzen, von Dr. F. Cohn, Vierter 
Band, Zweites Heft.—Investigation;s on the tendrils of the 
Cucurbitacee, by Dr. Otto Miiller, of Breslau (3 plates). The 
author concludes, chiefly on anatomical grounds, that the irritable 
part of the tendril of the Cucurbitacex is of foliar nature.— 
Investigations of the Flage//ate, by Dr. Arthur Seligo (1 plate). 
—Basidiobolus, a new genus of the LExtumophthoracee, by 
Dr. Ed. Eidam (4 plates). The author regards the resting 
spores of this genus as true zygospores, though the gametes are 
of unequal size, and expresses the opinion that the Ay/omo- 
PAthoree fnd their natural place in the Zygomyrcetes, as directly 
related to the AZucoring. 

SOCIETIES AND ACADEMIES 

SYDNEY 

Royal Society of New South Wales, August 4.—Ch- 
Rolleston, President, in the chair.—The Society’s Medal and 
Prize of 25/. was presented to Mr. S. Herbert Cox, F.C.S., 
F.G.S., for his prize essay on ‘‘ The Tin Deposits of New South 
Wales.” The principal deposits occur in New England as im- 
pregnations, segregation veins, and lodes in granite, also as gash 
veins in Silurian slates, and as a network of veins or stockwork 
in haplite. The granitic eruption occurred not later tham 
Carboniferous times, and no sedimentary strata appear to have 
been deposited until the Tertiary period, when the leads of 
alluvial tin were formed, together with their associated gravels. 
Denudation on an enormous scale has gone on, and the Silurian 
slates which rest on the granites have only been preserved as 
outlying patches included in folds in the granite. Dykes of 
feldspar and quartz porphyry traverse both the granite and slates, 
but the date of this eruption is probably Tertiary, although 
evidence appears to point out that this acidic only preceded 
the ensuing basaltic eruption by a short time. The more fluid 
basalt flowed for considerable distances, frequently burying the 
gravels of the river-beds with the tin they contained, and pre- 
serving these ‘‘deep leads” from subsequent denudation. True 
lodes appear to be rare, but some remarkable impregnated areas 
exist in greisen ; ‘‘segregation”” veins of small size are found 
in the granite, and in the slate ‘‘gash” veins up to 4 inches im 
width occur, but these are certainly not true lodes, Fortunately, 
wolfram occurs in separate veins from the tin ; copper and iron 
pyrites, fluor-spar, tourmaline, white mica, and topaz are com- 
mon ; beryl forms a rock with quartz, through which tinstone is. 
impregnated. In the alluvial deposits, tinstone is found asso- 
ciated with diamonds, sapphires, zircons, &c. The greater 
quantity of the tinstone hitherto raised has been from the allu- 
vial, and the ‘‘deep leads” which are still being worked, and 
will probably be greatly developed in the future, closely corre- 
spond in their course with the shallow ones, They are worked 
to depths of 140 to 180 feet, and are frequently found below 
solid floes of basalt. Very good crushing and smelting plants 
have been erected, and although the conditions of the district 
vary greatly in different parts, it may be taken as certain that a 
yield of 5 per cent. tin in lodes, and from 4 to 1 ewt. per cubic 
yard in deep alluvial deposits, pays for extraction. ‘The total 
output of tin between 1872 and 1883 is 64794 tons of ingots 
and 13'268 tons of black tin.—A paper by the late Rey. P. 
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MacPherson, M.A., was also read, on the aboriginal names of 
rivers in Australia philologically examined. 

PARIS 

Academy of Sciences, October 27.—M. Jurien de la 
Graviere, President, in the chair.—On Dr. Speerer’s views re- 
garding the solar spots and protuberances, by M. Faye. In a 
paper recently contributed to the Pro-eedings of the German 
Astronomical Society, M. Spcerer adopts the view that the 
faculee and spots are due to the currents of hydrogen which 
forms the solar chromosphere. But to the ascending currents, 
the cause of which is unexplained, is attributed a descending 
current which, by penetrating amid the facule to the body of 
the sun, gives rise to a spot. The hydrogen thus drawn in 
reascends round about the funnel of the spot, and, by mingling 
with the ascending currents, effects a complete circulation. 
The author points out that these ideas are completely analogous 
to his own, and would be identical, had M. Spcerer studied the 
mechanical cause of this remarkable circulation, which is here 
attributed to the irregular velocities of the horizontal currents 
producing on the solar surface gyratory movements with a ver- 
tical descending axis like those of the terrestrial streams and 
atmosphere.——A comparative study of the actions of walking 
and running, together with the mechanism of the transition 
between these two movements, by MM. Marey and Demeny. 
In this paper, which complements the author’s previous com- 
munications on animal kinematics, numerous differences are shown 
to exist between slow and rapid pace, the latter being character- 
ised by moments of complete detachment from the ground and by 
other equally important features scarcely visible to the naked eye, 
but which are now clearly revealed by the chronophotographic 
and dynamographic processes. The paper is furnished with six 
diagrams illustrating the contrasts between both motions and the 
transitions from one to the other.—Considerations on the 
nervous system of the gastropods, by M. H. de Lacaze-Duthiers. 
In supplement to previous papers on several aberrant types of 
gasteropods, the author here continues his analysis of the facts 
connécted with the central nervous system of these organisms. 
Special care is taken to distinguish between the groups of ganglia 
of primary importance from others which, notwithstanding their 
size and numbers, really play only a secondary part in the 
nervous system of the gasteropods.—Wheat culture at Ward- 
recques, Pas-de-Calais, and at Blasinghem, Department du 
Nord, in 1886, by MM. Porion and Dehérain. In continuation 
of previous reports of the results of experiments carried on for 
many years in the north-west of France, the authors here 
announced that the most profitable varieties of wheat are those 
which, besides yielding the largest returns, are best able to sup- 
port strong manures without lodging. Preference above all is 
given to the square-eared variety (4/ @ éi carré), which they 
hope may be brought into general use in order to meet the | 
growing competition of foreign growers.—Observations of Fin- 
lay’s comet made at the Lyons Observatory (Brunner equatorial 
o'16m.), by M. Gonnessiat.—Observations of the same comet 
made at the Observatory of Nice (Gautier equatorial), by M. 
Perrotin.—Note on the errors of division in Gambey’s mural 
circle, by M. Périgaud. These errors being once clearly 
determined, the author considers that the Gambey circle with 
the new mercury bath allowing a continuous observation 
of the Nadir, may be advantageously used in astronomic re- 
searches where great precision is required.—On a question con- 
cerning the single points of plane algebraic curves, by M. E. B. 
Guccia.—On the glycerinate of soda, by M. de Forcrand. In 
this paper the author completes the study of the glycerinate of 
soda, begun by E. Letts in 1872, and subsequently prosecuted 
by M. Berthelot.-—On the preparation of the sulphur of calcium 
with violet phosphorescences, by M. A. Verneuil. By the 
application of the principles laid down by M. E. Becquerel in 
his researches on phosphorescence, the author has succeeded in 
effecting the synthesis of this substance, which has been long 
known in commerce, but the preparation of which had hitherto 
remained a secret.—On the comparative volatility of the methylic 
compounds in the various families of the negative elements, by 
M. Louis Henry. In this paper the author restricts his in- 
quiries to the monocarbonic derivatives, and more especially to 
the methylic derivatives. He finds that, at equal atomic weight, 
the diminution of volatility determined in methane by the sub- 
stitution of a negative element for hydrozen, is all the 
greater the more this element is removed from hydrogen.— 
Law determining the position of the embryo in insects, by M. 
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Paul Hallez. From his studies of Aydrophilus piceus and 
Locusta viridissima, the author arrives at a general law appli- 
cable to insects and probably also to other classes, which he thus 
formulates :—The cellule ovum is disposed in the same direction 
as the maternal organism, with a cephalic and a caudal 
pole, a right and a left side, a dorsal and ventral face 
coinciding with the corresponding faces of the embryo.— 
Contributions to the natural history of the Orthonectidz, by M. 
R. Koehler. During his researches on Amphiura sguamata at 
the Zoological Laboratory at Cette, the author has found on these 
animals both male and female of the curious parasite, Rhopa- 
lura, already studied by Giard and Julin.—On the exhalations 
of carbonic acid in infectious diseases determined by aérial and 
non-aérial microbes, by M. S. Arloing.—Geological constitution 
of the district of Croix-Rousse (Lyons), by M. Fontannes. 
The tunnel 2400 metres long now in progress under the terrace 
between the Rhone and the Saone at Lyons has afforded an 
opportunity of studying the geological features of the district, 
which appears to consist mainly of Pliocene sands overlying 
gneiss with remains of .Wastodon arvenensts, above which follow 
Pliocene alluvia with Zvephas meridionalis, Quaternary alluvia, 
and Glacial deposits (moraines, loam, &c.). 
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OUR GUNS 

Vv BERNE oh attempts are made to manage scientific 
matters by means of committees failure is sure to 

result. Some of our Continental friends, the French 

especially, are fond of working in pairs, and excellent 
results have been arrived at by such means, but the 
method does not appear suitable to the English intellect, 

hence all our great achievements in science have been 

attained by single individuals. As soon as a committee 

gets to work, darkness seems to fall over the intellects of 
its members, and not only are the most absurd blunders 

perpetrated, and errors of judgment committed, but they 
are persevered in long after outsiders have detected and 
exposed them. We need only mention the Longridge 
wire-gun and the Moncreiff carriage as instances of the 

defective judgment which kept back the introduction of 

these useful and original inventions for some thirty years. 
But the blindness of the Ordnance Committee, or of the 

Unknown Being who is responsible for our guns, is still 
more curious and distressing with reference to the strains 

which guns must be constructed to withstand. We look 
in vain for any information on this head from the recent 

reports of committees or from the lectures of their inspired 
representatives, while such information as we have reveals 

the fact that, at the time when our new breech-loaders 

were designed, the knowledge of pressures which the 
Unknown Designers had was absolutely erroneous, and 

that the errors were of so elementary a character that it 

requires no special knowledge of the subject to detect 

them. If the indicator-diagrams of a steam-engine, and 

a statement of the work performed by it, were laid before, 
at any rate, the two civil members of the Ordnance Com- 
mittee, with a request that the pressures in the cylinder 

should be investigated with a view to ascertaining whether 
they were correct, these gentlemen would, at once, com- 
pare the indicated power with the work done, and if 
the former were less than the latter they would, without 

hesitation, declare that the pressures said to have pre- 
vailed in the cylinder were toolow. Now, attached to the 

official drawing of the first 10-inch breech-loading gun was 

a pressure-curve purporting to represent one-fourth the 

bursting pressure when firing a projectile of 500 lbs, 
weight, and imparting to it a muzzle velocity of 2100 feet 
per second. The mean pressure, measured from this curve, 
is 8°8 tons per square inch, the travel of the shot in the 

bore is 22 feet, hence the work done by the powder would 
be 15,205 foot-tons. The muzzle energy of the shot is a 

little more, namely, 15,284 foot-tons. But besides the 

energy communicated to the shot, the 300 lbs. weight of 
powder gases have to be set in motion, the friction of the 
gas checks has to be overcome, rotation has to be im- 
parted to the shot, the atmosphere has to be displaced, 
and the aggregate of this work can be shown to amount 

to at least one-third of that required to drive out the shot, 
a fact which the pressures recorded in the experiments 
made with the 7iumderer gun clearly proved. Colonel 

Maitland, in his lecture on our new guns at the United 
Service Institution in June 1884, rightly pointed out that 
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the area bounded by the pressure-curve represented the 
work done in the bore; how is it, then, that it never 
occurred to any one on the Ordnance Committee to com- 
pare the work done with the effect produced? Such a 
comparison would have shown 20,400 foot-tons of work 

done by an indicator-diagram measuring only 15,205 foot- 

tons! The check pointed out should have been applied 

as a matter of common prudence, because it is notorious 
that then, as now, our direct knowledge of the pressure of 
powder gases in the bores of guns was very limited. 

We are aware that it has been explained that the 

pressure-curve we have been discussing does not repre- 

sent powder-pressures, but pressures one-fourth of those 
which would burst the gun; but such an explanation does 

not mend matters, for it reduces the factor of safety of 

the gun—already assumed at the dangerously low limit of 
four—to th ree, which no one, surely, would contend to be 
sufficient ! Se aang I 

-:We are obliged to revert to the question, Why has 
not an actual pressure-curve been made public, and why 
did not the Coldingwood Committee commence their 
report by showing that the 12-inch 43-ton gun was de- 

signed of sufficient strength? The answer, we are afraid, 
is that our gun-builders do not know what pressures they 

have to contend against, that our guns are being made 
by rule of thumb; in fact, their proportions are slowly 
arrived at by the costly method of trial and error. 

Again, Colonel Maitland, in his lecture, gives a diagram 

showing, graphically, the pressure resulting from firing 

quick-burning, medium, and slow-burning powders. We 

must assume, the curves being given for the purpose of 
comparison, that they represent the effects of the same 
weights of powder burned under exactly similar condi- 
tions ; therefore the areas of the figures bounded by the 
curves, as Colonel Maitland tells us, represent the work 

done in the gun, and measuring the areas of each curve 

up to only 14 calibres’ length of bore we find that the 
slow-burning p owder does more than twice the work of 

the medium-burning, and two and a half times that of the 

quick-burning powder! Surely Colonel Maitland would 
not wish us to draw such conclusions ; and yet they are 

necessarily deduced from a diagram which must have 
represented the views of the Ordnance Committee only 

two years ago, and after Capt. Noble had shown, in his 

admirable lecture on “The Heat-Action of Explosives,” 

delivered at the Institution of Civil Engineers, that the 
potential energy of all powders was very nearly the same ; 
a view recently indorsed by Sir W. Armstrong, who 
stated that rather more of the slowest-burning powder was 

required to produce a given ballistic effect. We venture 

to say that, had the questions in review been under the 
control of a single, competent, fully-responsible man; 
the anomalies which we have pointed out could never 
have arisen, the aid of practical mathematicians would 
have been invoked, and the warnings of Sir W. Arm- 
strong and others would not have been disregarded. 

The public, no doubt, is weary of the constant dis- 

cussion of past blunders, and the repeated allusions to 

them would be unjustifiable were it not for the vital 

bearing which these have on the future, and a most valu- 
able result will be obtained if our efforts, and those of 
other writers, should be the means of destroying our 

ce 



3g 

absurd system of administration altogether, or at any 

rate of dispelling the fatal complacency in which the 

Ordnance Department wraps itself, and which found a 
voice when Colonel Maitland declared two years ago “ that 
our ballistic knowledge has long been fuller and more 
complete than that of any of the Continental authorities” ! 

But it is proverbially easy to find fault, especially with 
Government departments, though by no means so easy 

to propose practical remedies for defects of administra- 

tion which force themselves so irresistibly upon the 
nation as do the shortcomings of our naval and military 

management. Fortunately, however, no great originality 

is required on the part of the would-be reformer. He has 
only to observe how great private firms manage their 
business, and carry on operations quite as extensive and 

complicated as any of the branches of Her Majesty’s 
service. What private firm could exist, secure the con- 

fidence of its customers, or the soundness of its work, if 

its head were appointed for five years, and selected, not 

because he had received special training in the business 
which he is about to manage, but had done good service 

in some other situation for which he had been trained ; or, 

worse still, if the selection were made because the man 

selected was a good fellow and on the best of terms with 
all the members of the firm! Has any great firm ever 
started as a company ? 

its origin to the personal qualities of some one man, and 

chose that have survived the death of their founder, have 

been carried on by men of distinguished ability selected 
usually by him. We do not speak of enterprises requiring 

so little originality as railway, gas, or water companies, 
but even in them the chairman rises by a species of 
natural selection to a position of prominence, the natural 

homage due to a master mind. Would any sane man 
propose, for a moment, that the chairmen of such com- 

panies should be changed every five years, and farther, | 

that in order that they might suffer no loss they should 

| are more extensive in kind and much more varied in exchange offices, that is, the railway chairman, at the 

expiration of his term, should become chairman of the 
gas or water company, and so on? 

Yet this is precisely the way in which our dockyards 
and arsenals are managed. Officers, most of them most 

estimable and excellent gentlemen, who happen to be in 
favour with the superior powers, receive these desirable 
appointments, and often travel from one to another till 

they are obliged to retire from the service altogether. 

They would be more than human if they refused the 

Has not every one of them owed | 
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offers made to them, and it is unreasonable for the public | 

to cover them with abuse on account of shortcomings 

which are due to the system, and not to the individuals. 

We cannot, for a moment, admit that any of the com- 
mittees are corrupt in the slightest degree, directly or 
indirectly, or that they have not done their best to carry 

out the work intrusted to them; neither are we disap- 
pointed with the results of our absurd organisation, any 
more than we should be with the misfits which would 
result if we insisted on our tailor becoming our boot- 
maker also. 

Take the case of the Ordnance Committee. It is com- 
posed of officers who, including the President, are being 
continually changed, and it also numbers two apparently 
permanent civil members. Not one of these gentlemen | 
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has been brought up to the business of steel-making or 
gun manufacture, not one of them has made himself a 

name in the branch of manufacture and metallurgy which 

the Committee directs, not one of them would be com- 

petent to go abroad and start a steel-works and gun 
factory unaided by the contractors and subordinate 
experts about them—how can they be competent to deal 

either with the complicated theories or the practical 
details of gun manufacture ? and when failure occurs, who 
is to blame? 

Judging by Colonel Maitland’s lecture and Sir F. Bram- 
well’s expositions, the Committee, as a body, and as 
individuals, are not only satisfied but even complacent, 

for they find that other nations are in almost as bad a 

muddle as we are ourselves. It is perfectly obvious that 
there must be individual responsibility. The head of each 

department must be a permanent officer directly respons- 

ible for the design and execution of such things as the 
military or naval forces require, and these heads should 

be selected from the most able men to be found within or 

outside the services, men who have already achieved a 

reputation in the special departments for which they are 
required. 

And there are precedents for this. The Post Office ;— 
can anything exceed the admirable manner in which that 
branch of administration works, and keeps in the fore- 

front of progress? It is needless to say that it is not 

worked by shifting committees. Or, take the steam 

department of the Admiralty. We never hear of 

serious complaints of the main engines or the countless 
subordinate machines of our war-ships; our Navy is 
ahead of all others in respect of adapting every useful 

invention, every scientific appliance ; but then Mr. Wright 

is a permanent chief, and he is not hampered by a com- 
mittee composed, shall we say, of carpenters appointed 
for short terms of office. And yet the changes wrought 

in Mr. Wright’s department during his long term of office 

detail than anything the Ordnance Department have had 
to contend with. The steam-engine has been completely 

altered, surface condensation has been introduced, the 

steam-pressure has been increased eight-fold, compound 

and triple expansion has been introduced, the whole 
system of torpedo warfare has come into being with all its 
complicated appliances, the electric light has been 

adopted, and in addition the design and supervision of the 
Dockyard machinery has fallen to his share. The public 
never hears of Mr. Wright: had we not mentioned his 
name, most of our readers would have been ignorant as 
to who was the meritorious officer to whom we were 
referring ; his very virtues have been the cause of his 

obscurity; his is not an heroic part, and he has never 
drawn public attention to himself by making a mess of 
anything. 

And next, let us look abroad. We have no hesitation in 
stating that the most successful gun factory in the world 
are the Abouchoff Works near St. Petersburg. That 

establishment, since 1866, has been under the direct per- 
sonal control of Admiral Kolokolzoff, and during that 

period the guns turned out have not varied either in 
design or material; they have been increased in length 

and constructed to produce higher muzzle energy ; but it 

oe 
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is an absolute fact that the projectiles which fit the guns 

of 1866 can be fired from the guns of to-day, and wice 
versé. None of the Abouchoff guns have ever burst or 

injured a single man! The Committee on the Co//ing- 

wood accident ascribe the disaster in part to the unequal 
composition of the material. Admiral Kolokolzoff pro- 
vides against the possibility of this by using nothing but 
crucible steel. His casting-house contains about 2000 

crucibles ; each holds a small charge of steel, the composi- 
tion of which is determined with the utmost care and 
exactness. The consequence is that his material is abso- 
lutely uniform, and, in addition, he is the only man that 
has adopted Whitworth’s method of fluid compression. 
He does not use crucible steel because he has no other 
means of casting: he has Bessemer converters and 

Siemens-Martin furnaces; but for the highest-class 

work he prefers the crucible metal, because of its 

necessary uniformity when prepared with proper care. 
Had we had a man of the Admiral’s capacity per- 
manently at the head of our Gun Factory, had we sub- 

sidised any important steel-works as liberally as the 
Elswick firm has been assisted, we could also, twenty 

years ago, have had ingots of 40 tons weight of crucible 

steel of any quality desired. The Abouchoff works began 
to make 12-inch guns about the same time as we did, but 

their gun of the same proportions as those of the Cod/ing- 
wood weighs 503 tons against the 43 tons of our dis- 

credited weapon. Our amended guns will weigh the 
same as the Russian. How is this to be accounted for, 

if we be, as Colonel Maitland asserts, far ahead of our 

neighbours in the science of gunnery ? 

Let us now contrast the Russian record with the history 
of our own guns. Sir William Armstrong introduced 
what he, in his address to his shareholders, calls, with 

some pride, his own gun—our first breech-loader. It was 
a built-up gun, upon the principles advocated by Mr. 

Mallet in his work on artillery in 1856, and the breech 

mechanism was a close imitation of that of the guns on 

board the Chinese junk which was moored off Essex 
Street during the Exhibition of 1851. At that time the 

Broadwell ring, or, rather, gas-check, such as we know it 
applied to muzzle-loaders, had been used at Woolwich, 

but had probably been forgotten ; at least it was not 
applied to the Armstrong breech mechanism, which 
failed from its avowed danger when applied to the 
larger calibres of guns. We then gave up breech- 
loading and reverted to muzzle-loading, and finally 
we have come back to breech-loading, and adopted 

steel some twenty-five years after the Russians had 
completely solved whatever difficulties there may have 
been in the process of using it. In muzzle-loaders we 

revert to the gas-check, and so we have at least three 
classes of projectiles in use instead of one only. How is 

it that we have got into all this confusion? The only 

possible answer is that it is caused by our absurd system 

of having no permanent responsible scientifically educated 
officer at the head of each department of the Arsenal. 
The newly appointed chief knows nothing of what his 

predecessor did or what his experiences had been, for 

experience cannot be readily communicated from one man 
to another; he is, in fact, not a chief, but, for more 

than half his time, the slave of his permanent sub- 
ordinates. 
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HAINAN AND ITS PEOPLE 

Ling-Nam, or Interior Views of Southern China, in- 
cluding Explorations in the hitherto untraversed Island 

of Hainan. By B.C. Henry, A.M. (London: S. W. 
Partridge and Co., 1886.) 

PORTIONS of this book have already appeared from 

time to time in the two magazines in the English 
language published in China, the Chizza Review and the 

Chinese Recorder, but they well deserved the more per- 
manent book form, for the author, like many other mis- 

sionaries, has travelled widely in parts of China which 

are rarely visited by Europeans. Mr. Henry, too, writes 
from a full mind; he has made the most of his great 
opportunities, and accordingly he has contributed here a 

very real and solid addition to our knowledge of the 

Middle Kingdom. In reading it we are constantly re- 

minded of a work written a good many years ago by 

another missionary, which has now almost attained the 
dignity of a classic, viz. Dr. Williamson’s “Journeys in 
North China”; both are of the same useful, substantial 
kind, and for a long time to come both will have to be 

referred to for information in regard to the respective 

districts with which they deal. Mr. Henry refers solely 
to Southern China, as the name Zzzg-Nam (“ South of 

the Ridge”) implies, and to the Kwangtung or Canton 
province. He describes various journeys through the 

central and northern parts of this large and populous 
province, along the principal streams. As we read o 

town after town with populations of 100,000 and over, we 
begin to understand how populous China is. But then, 
with the exception of the valley of the Yangtsze, the two 
great southern provinces of Kwangtung and Kwangsi are 

the most thickly peopled of the whole empire. Even 

those who have travelled in parts of the Canton province 
will be surprised to learn from Mr. Henry of the mag- 
nificent scenery of the north and north-west. The idea 

of the passing traveller in and around Canton and 
the neighbouring cities is that the whole province is 
a vast plain in a high state of cultivation; but in 

the upper courses of the tributaries of the West River 
Mr, Henry found scenes worthy of the wildest moun- 
tain regions. Here also, on the borders of Hunan, 

he came in contact with one of those tribes which 
are found like scattered fragments over the whole of 

China south of the Yangtsze—amongst, but not of, the 

Chinese, with their own communities living generally in 
fastnesses amongst the mountains, preserving in a great 
measure their ancient habits, and but slightly contam- 

inated by the proximity of their Chinese conquerors. 
Their name is legion, and they are sure to furnish 

abundance of work for ethnologists in the future. In the 

present instance the people are called the Iu, and are 

described by Mr. Henry as lower in stature than the 
Chinese, with a similar complexion, although some are 

almost copper-coloured. They do not shave the head, 

but wear the hair coiled up behind, men and women 
having long hair. They wear immense silver earrings 
and necklets, while the hair is decorated with ornaments 
made of the pith of the wood-oil tree and cocks’ feathers, 

Their territory is forbidden ground to the European, the 
Chinese taking care that the restriction is rigorously 
cnforced. The meagre Chinese accounts of this people 
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add little to our knowledge of them ; but it appears that 
they have no written language, although a few understand 

Chinese. Their language is distinct from any Chinese 
dialect. Beyond these few details nothing is known of 

the Iu, and they and their country appear destined to 
remain a mystery for some years to come. 

But beyond question the most interesting and valuable 
chapters in the book are those dealing with the island of 
Hainan. This has been hitherto in great measure a 

terra incognita. The late Mr. Swinhoe succeeded in 
going a few days’ journey from the coast, and vessels 

occasionally touched at one of the ports. But it was not 
until a few years ago that its position was properly 

settled ; before that time it was twelve miles out on all the 

charts. Mr. Henry, with a Danish gentleman who had 

already made a circuit of Hainan on foot, travelled into 
the heart of the island, and making a long detour returned 

to the port of Hoihow on the north, He thus travelled 

through a considerable part of the mountainous region in 

the centre, which is the abode of the Lis, or aboriginal 

population, and had ample opportunity for studying their 
habits. The information given in this book about the 
island and its people is, as far as we know, the first | 

detailed and definite account published in any European 
language. The whole northern half of the island he 
describes as a plain, level to a great extent, but mostly 
undulating, and broken ina few places by isolated hills 
and low ridges. The central and southern portions are 

mountainous, the highest elevation being reached in ranges 

called the Five-Finger and Li-Mother ranges, from which 

all the larger streams take their rise. The flora of the island, 

though but slightly investigated, is known to be of great 

variety and interest. Mr. Henry noticed about 100 

species of plants which he recognised as well known, while 
he brought back 200 species which are now in process of 
determination. From what is now known, the flora seems 

more nearly allied to that of the islands of the south than 

to that of the adjacent mainland. The number and variety 
of Hainan birds is suprising. Mr. Swinhoe noted 172 spe- 
cies, 19 of which proved new to science, and were first 
described by him; but as his journey was only of a few 
weeks’ duration, and chiefly along the coast, it is probable 
that many new discoveries in ornithology will be made 
when the interior is better known. Of the mammals even 
less is known, and the variety of fish around the coast is 
endless. The meteorology, too, is noteworthy. Hainan is | 

the home of the typhoon, and earthquakes are of frequent 
occurrence. In the latter case the axis of disturbance runs 

directly across the island from one side to the other. Of 
the people Mr. Henry is able to give us much more in- 

formation. The Chinese immigrants have peopled the 

coast opposite the mainland, and all the low-lying lands 
up to the base of the hills, which latter are inhabited by the 
Lis. But between the two is a people speaking a Loi dialect, 
the origin of which is unknown. They are like the Chinese 
in many respects: they wear the same dress, live in the 

same kind of houses, eat the same food, and intermarry 

freely with them, but they hold to their peculiar dialect 
with remarkable persistence. There is a theory that 
these people are descendants of Miao-tsze, brought ages 

ago from the highlands of Southern China to act as 

mediators between the Chinese and the aborigines of 

Hainan. How far they resemble any tribe on the main- 
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land remains to be determined, but they are wholly dis- 
tinct in physique, language, and customs from any of the 
Li tribes. The ubiquitous Hakkas from Canton have 
also established themselves in Hainan, pursuing agricul- 
ture under the most forbidding circumstances, and convert- 
ing the jungle into cultivated fields with their usual tenacity 
and success. But the main interest of the Hainan portion 

of the book centres around the Lis. Here, as everywhere 
else that they have come into contact with aborigines, the 

Chinese have adopted the simple classification of “ tame” 
and “wild,” “ripe” or “green,” to distinguish those who have 
succumbed to Chinese influence and those who have not 
They wear the hair twisted into a knot on the top of their 

heads. The women are all tattooed with blue lines over 
the face. The process of tattooing is very simple. An 
incision is made with a sharp knife to the shape 
of the pattern given; and, while fresh, ordinary 

Chinese ink is introduced, which gives a blue tinge, and 
in a few days the wound begins to heal. The Chinese 

say that the same pattern is preserved for generations in 
the same family, not the slightest variation being allowed, 

lest the husband’s ancestors should not recognise the 

wife after death. Ina Chinese account of the Lis, trans- 

lated by Mr. Henry, it is said that their custom is not to 

cry when their parents die, but to swallow quantities of 

raw meat, which is their mode of expressing great grief,— 
a curious circumstance, which possibly may be accounted 
for by the statement made in the same account, that the 
Lis originally belonged to a race of birds and beasts, and 

that being derived from an egg they remained im- 
pervious to Chinese civilisation. However this may be, 

Mr. Henry found them a simple, kindly, hospitable 
people, who appeared to think nothing too much trouble 

when assisting the stranger. No idols, or other religious 

symbols, or indeed trace of a religion at all, was found 
amongst them, although the traveller looked carefully for 
them. A curious custom among them is for the young 
people to have authority in the house, and every question 

of food, lodging, or purchase of articles is referred to 
them. The father and mother appear to efface themselves 
inside the house. At meals the whole family is united. 

They greet a guest by extending the arms, placing the 

open hands with the finger-tips touching, or nearly so, 
and draw them inwards with an inviting motion. They 

bid farewell in a similarly graceful fashion, extending the 
open hands with the palms upwards, and slightly inclined 
outwards, in a movement as if handing one on his way. 

Their features are rather square, the nose not being so 

flat as that of the Chinese, and the eyes of a different 
type. No sign of graves was seen anywhere, and 
all inquiries failed to elicit any intelligible account 
of what they do with their dead. The substance 
of all that the travellers could learn was that they place 
the body without a coffin in any secluded spot, taking 
care to replace the earth, and cover it over so that it may 

not be recognised. They are free from many of the 
superstitious and idolatrous practices of the Chinese ; 

they have no ancestral worship, and no knowledge of 
geomancy. They seem to be divided into fifteen or six- 

teen tribes, which are known under different names, and 
differ more or less in dress; language, and customs, but 
all evidently belonging to one homogeneous race, bound 

| together by common ties, and as a rule living on friendly 
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terms with each other. Mr. Henry thinks they are 
probably of Malay origin, but his argument, based on the 
names by which they call themselves, appears somewhat 
weak. It is more probable that we shall know nothing of 
the ethnology of the Lis until that of the Lolos, the Miaousy 
Ius, and many other tribes of Southern and South- 
Western China and Tonquin, has been studied. Whether 
the Lis have a common origin with one or all of these, or 
with the aborigines of Formosa, must for the present 
remain in the region of conjecture. But there can be 
no manner of doubt that, in the words of Mr. Henry, 
Hainan promises much of interest to the traveller and 
scientific investigator, in its striking natural features, in 
its imperfectly known flora and fauna, and in the ques- 
tions that arise as to the race, religion, and probable 
destiny of its aboriginal people. 

GIGLIOLI’S “ AVIFAUNA ITALICA” 
Avifauna Italica. Elenco delle specie di uccelli sta- 

tionarie 0 di passaggio in Italia, colla loro sinonimia 
vulgare, e con notizie piu specialmente intorno alle 
migrazioni ed alla nidificazione. Compilato dal Dottore 
Enrico Hillyer Giglioli, &c. 8vo, pp. 626. (Firenze, 
1886.) 

A SHORT time ago (NATURE, June 24, p. 168) we 
noticed the new “ Check-List ” of North American 

birds issued by the American Ornithologists’ Union, and 
took occasion to refer to the corresponding “ List of British 
Birds” compiled by a Committee of the British Ornitho- 
logists’ Union, and published by that Association in 1883. 
We have now before us a copy of a similar publication 
upon the birds of Italy, prepared, however, under some- 
what different circumstances. 

At the International Ornithological Congress held at 
Vienna in 1884, which was attended by delegates from 
nearly all the civilised nations of the world (with the 
strange exception of Great Britain !), Italy was worthily 
represented by Prof. E. H. Giglioli, of Florence, well 
known as one of the most learned and enterprising zoo- 
logists of that country, and for the excellent series of 
Italian vertebrates which he has collected together in the 
museum under his charge. In consequence of the re- 
commendations contained in the report presented to the 
Italian Government on the results arrived at by the Con- 
gress, it was determined to constitute an “ Ornithological 
Office” in Italy under the Ministry of Agriculture, and 
Prof. Giglioli was made Director of the new Department. 
In compliance with the resolution passed at the Interna- 
tional Ornithological Congress, one of the new Director’s 
first tasks was the compilation of a standard list of 
Italian birds, or “ Avifauna Italica,” as it is here shortly 
termed. 

In preparing their various lists of native birds, the 
delegates at the Congress were invited to follow as a 
model the catalogue of Austro-Hungarian birds, lately 
issued by Messrs. vy. Tchusi zu Schmidhoffer and y, 
Homeyer. But Prof. Giglioli could not altogether 
acquiesce in this recommendation, and, perhaps wisely, 
preferred to adopt the systematic classification already 
employed for his series of birds in the collection of 
Italian vertebrates at Florence already spoken of, which 
is in fact by far the most nearly complete collection of 
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the kind existing in the Italian kingdom. Besides the 
correct scientific appellation of each bird, and what is 
considered as its standard Italian name, Prof. Giglioli 
has also taken great pains to give all the vernacular 
terms by which each species is known in the many and 
various Italian dialects. These are in some cases very 
numerous, as will be seen on reference to such species as 
Lanius excubitor and Merops apiaster, and, although of 

less interest to foreign naturalists, will make the list of 
greater value to the native student of Italian birds— 

whose assistance is specially required in ascertaining 

many yet unknown particulars concerning the range, 

times of migration, and mode of nesting of the various 
species. 

As regards the limits of the Italian avifauna, it would 
seem that Prof. Giglioli is an “ Irredentist” of the most 
extreme type. Not only does he include Corsica and 
Malta within the Italian zoological region, for which, 
no doubt, he has every show of reason, but also the 
Trentino, Istria, and Dalmatia. It is difficult to under- 
stand why the line should be drawn at Dalmatia, or why 
it should not also just as well include Montenegro, 
Epirus, Greece, and even Macedonia! This so-called 
“Ttalian Region” is divided by Prof. Giglioli into three 
provinces, namely,a Northern Continental, anda Southern 
Continental Province, separated from each other by the 
line of the Apennines, and an Insular Province, consist- 
ing of Sardinia, Sicily, and the Maltese Islands. 

Not only has our author been very liberal in the extent 
of country assigned to the Italian Ornis, but, in our 

opinion, he has also somewhat unduly increased the 

number of species included in the avifauna by the ad- 

mission of some of very doubtful authority. The occur- 
rence of Aguila nipalens?s within Italian limits, for 
example, does not seem to be supported by any certain 
evidence. The same may be said of Caprimuleus asiati- 
cus, Chelidon cashmiriensts (!), Cottle obsoleta, Dendro- 

cygna javanica, and at least half a dozen other species 

in Dr. Giglioli’s list. It would seem, therefore, that the 
number of species (443) assigned to the “ Avifauna 
Italica” in the present work may have to be slightly 

diminished, although, on the other hand, future re- 
searches will doubtless result in the discovery of many 

additions to the series of occasional visitants. 
Strange to say, one of the most recent and noteworthy 

additions to the list of permanently resident Italian birds 
has been made by an English ornithologist. In 1883 
Mr. J. Whitehead discovered in the pine-forests of Central 

Corsica, a nuthatch perfectly distinct from every other 
known European species, and for the nearest ally of 
which we must go to Asia Minor. This nuthatch has 

been named after its discoverer, Sitta Whiteheadi. It is 

quite possible, therefore, that not merely more stragglers 
from other parts of Europe, but even new endemic spe- 
cies, may still have to be added to the Italian List. 

After finishing his general catalogue, Prof. Giglioli goes 
into a general discussion of the Italian avifauna, and gives 

the number and names of the various categories into 
which the 443 species assigned to it may be divided. 
The permanent residents are stated to be 207 in number, 
the summer visitants to be 69, and the winter visitants 36. 

Those of regular passage are only 9 in number ; those of 

irregular passage, 8. Besides these, 28 are set down as 



594 NATURE [ Oct. 21, 1886 

of irregular appearance, 80 as stragglers, and 6 as doubt- 
ful. Two “ ornithological calendars,” one giving the times 
of “migration” and the other those of “ nidification,” 
add considerably to the value of this useful work, which 
must not only of necessity be in the hands of every Italian 

ornithologist, but which every student of the European 

Ornis, or of any constituent parts, should have for refer- 

ence. We trust that the good example thus set by Eng- 
land, America, and Italy will lead to the publication of 

other similar hand-books. 

OUR BOOK SHELF 

The Law of Storms, considered practically. By W. H. 
Rosser. Second Edition. (London: Norie and Wilson, 
1886.) 

WE welcome with much pleasure the second edition of 
this useful little work on storms practically considered. 
The first edition, briefly noticed by us at the time (vol. 
xiv. p. 504) appeared ten years ago. Since then the 
researches of meteorologists have materially advanced 
the science, notably in establishing on a firmer basis the 
law of the in-moving spiral circulation of the wind in 
cyclones, and defining with some exactness the limits of 
variation of the angle of inclination of the winds as they 
blow inwards toward the centre of storms. In this view 
especially the last part of the work has been recast, 
recent investigations being summarised with no little 
ability, and the results thereafter applied to navigation. 
The book, which is professedly a practical one, is | 
specially and admirably adapted to give seamen the best 
available information in handling their ships in storms. 

Ueber Manatherium delheidi, eine Strene aus dem Oligo- 
cain Belgiens. Von Dr. Clemens Hartlaub, Zool. 
Jahro., vol. i. (1886). 

Dr. CLEMENS HARTLAUB’S excellent contributions to our 
knowledge of the recent Sirenians have lately been 
noticed in these columns (July 8, p. 214). We have now 
before us his essay on an extinct form of the same 
peculiar group of mammals. The luxuriance of fossil 
forms of the Oligocene of Belgium is well known to all 
zoologists. Upon materials gathered from the Superior 
Rupelian beds of Hoboken, near Antwerp, which have 
already produced remains of Cvassztherium and Hali- 
therium, Dr. Hartlaub founds a new genus of Sirenians, 
nearly allied to the living Manatee, which he pro- 
poses to call anatherium. Its dentition, so far as it is 
at present known to us, does not materially differ from 
that of JZanatus, of which, indeed, it may have been the 
immediate progenitor ; and the necessity for its generic 
separation from its modern representative is perhaps not 
altogether evident. The species is named M/anatherium 
delheidi, from M. E. Delheid, in whose cabinet of Belgian 
fossils the remains upon which it is based are contained. 
Fossil species of true JZamatus have been described by 
Leidy and other authors in America, and M. Filhol has 
assigned some African remains to the same genus. But 
Manatherium delhetdi is at present the only European form 
described as belonging to this exact type of the Sirenians. 

LETTERS TO THE EDITOR 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[Zhe Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it is impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts. | 

The Tangent Scale in a Galvanometer 

On account of the correspondence which has recently taken 
place in this and other journals regarding the use of the tangent 

scale in a galvanometer, when the plane of the coil makes an 
angle with the direction of the force in the magnetic field, the 
following extract from Sir William Thomson’s patent, No. 4617 
of 1883, and the accompanying remarks, may clear up some of 
the points that have been raised :-— 

“*In using this instrument I sometimes cause the zero to be 
at one end of the scale, so that, when the potential is at the pre- 
scribed definite amount, the pointer is at the centre mark of the 
scale of tangents. The deflections are thus more easily ob- 
served, on account of the large size of the divisions.” 

This extract is quite explicit as to taking the zero at one end 
of the scale, and it is abundantly evident, from the text of the 
patent and from the illustrative drawings, that the scale referred 
to is a tangent scale. The essential feature in this use of the 
tangent scale is that the strength of the current is proportional 
to the difference between the tangents of the angle correspond- 
ing to zero and that corresponding to the deflection due to the 
current. 

The total length of the scale, as shown in the patent already 
referred to, and used in this Laboratory for over two years, is 
120°. Lately, however, the length of the scale has, with con- 
siderable advantage, been increased to 147°°8, thus giving twice 
the sensibility obtainable with the 120° scale. 

As regards Prof. Carey Foster’s letter to NATURE of October 
7 (p. 546), a tangent galvanometer arranged to use the tangent 
scale in this manner is essentially adapted to measure currents 
which flow through its own coil in one direction only, but in 
these instruments, as designed by Sir William Thomson, the 
necessary accuracy is secured by the following procedure. The 
index (which has a range of about 95° on each side the middle 
point of the tangent scale) is caused to point to a mark exactly 
go” from the middle point of the scale, and the relative positions 
of the coil and the scale are then adjusted, so that, when the 
index points to the go° mark, the strongest current which can be 
safely sent through the coil produces no sensible deflection. 

J. RENNIE 
Physical Laboratory, the University, Glasgow, October 16 

On the Connection between Chemical Constitution and 
Physiologi¢al Action 

In the address delivered by Dr. Brunton on this subject before 
the Section of Therapeutics and Pharmacology at the last 
meeting of the British Medical Association, a copy of which 
was published in NAtTuRE, August 19, p. 375, he observes, in 
alluding to the adoption of more scientific methods in pharma- 
cology :—‘' This may be said to have begun about twenty years 
ago, when the researches which my predecessor in this office, 
Dr. Fraser, made with Prof. Crum Brown upon the connection 
between physiological action and chemical constitution inaugur- 
ated a new era in pharmacology. ... We might first date the 
beginning of this age from Blake’s attempts to show that a 
connection exists between the forms in which the various bodies 
crystallise, and the mode in which they act on an animal body. .. . 
Nevertheless, I think we may fairly say that it was the experi- 
ments of Crum Brown and Fraser which fairly started pharma- 
cology in the new direction in which it has since been steadily 
advancing.” Now it can, I think, be shown that in these 
remarks Dr. Brunton has not only misunderstood the scope of 
my experiments, but that he has been led into error on account 
of his having no definite idea of the meaning of the term 
chemical constitution, which he has evidently confounded with 
that of chemical composition. The same confusion of these 
terms is not only apparent all through the address, but is also 
found in the paper on the subject by himself and Dr. Cash, 
published in the Zyansactions of the Royal Society, 1884. 

The term chemical composition is well understood, but the 
meaning of the term chemical constitution is not so well de- 
fined. Perhaps the difference between the two terms may be 
pointed out in the shortest space by an example. If we take 
the salts of iron, for instance, we know that the salts of the 
protoxide have a chemical constitution analogous to the other 
members of the magnesian group with which they are iso- 
morphous, and that this r:semblance in constitution connotes 
not merely that they crystallise in analogous forms, as Dr. 
Brunton seems to imagine, but also that they form many analo- 
gous chemical compounds which resemble those of the other 
members of the same group more closely than the compounds 
of any other group. By the addition of oxygen to the protoxide, 
not only is its chemical composition changed from FeO to 

POCew oe. 
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Fe,O,, but at the same time a base is formed, the compounds 
of which are totally different from those of the ferrous oxide, 
but which resemble in their chemical properties the salts of 
alumina, Al,O3, with which they are isomorphous. Here there 
is evidently a change, not merely of composition, but of con- 
stitution ; the addition of oxygen has not only altered the rela- 
tive weight of the constituents, but has completely changed the 
structure of the molecule in a definite direction, and impressed 
on it a constitution analogous to that of the molecule, Al,O;, 
with which it is isomorphous. Now, when I had shown that 
this change in the constitution of the salts of iron was attended 
by a marked change in their physiological action, when I 
had proved that the physiological action’ of the ferrous salts 
was analogous to that of the salts of the other members of the 
magnesian group, which they resemble in chemical constitution, 
and that the physiological action of the ferric salts was analogous 
to that of the salts of alumina with which they are iso- 
morphous, and when it was proved that an analogous con- 
nection existed between the chemical constitution and physio- 
logical action of the compounds of the elements of all the more 
important isomorphous groups, I think nothing but a complete 
misapprehension of the meaning of the terms chemical constitu- 
tion and isomorphism could have led Dr. Brunton to allude to 
my researches as an ‘‘atéempt to show that a connection exists 
between the form in which various bodies crystallise and the 
mode in which they act on an animal body.” The same error 
as regards the meaning of the term chemical constitution has led 
Dr. Brunton to fail to comprehend the bearing of the experi- 
ments of Crum Brown and Fraser on the question, on which, 
in fact, they throw no light, although evidently regarded by him 
as a beacon for subsequent observers. These gentlemen found 
that by the addition of an ethyl or methyl molecule to strychnia 
its physiological action was profoundly modified, and concluded 
that this was owing to the chemical constitution of the substance 
being changed. As they worked with a reagent, strychnine, of the 
chemical constitution of which we are still ignorant, it was im- 
possible for them to know if the addition of an ethyl or methyl 
group had made any change in its chemical constitution. The 
probabilities are that no such change had taken place, as the 
new compounds were addition and not substitution compounds. 
It is not merely for asserting a claim to priority that I make this 
communication, although I think seu cuigue a very good rule ; 
but I wish to point out the causes which in my opinion are not 
only retarding the progress of physiology in this direction, but 
which are tending to throw it back to where it was before the 
publication of my earlier experiments nearly fifty years ago. 

October 6 JAMES BLAKE 

Relation of Coal-Dust to Explosions in Coal-Mines 

If is a stubborn and grievous fact that the loss of life by 
explosions in coal-mines has risen in the last decade, although 
the number of explosions has fallen. This points clearly to some 
essential defect in the remedies adopted. The remedies in use 
apply apparently to one class of explosions only, hence the de- 
crease in the number of explosions. But, unhappily, there are 
many to which they do not apply, and those the worst ; hence the 
larger number of lives lost. Some research, which has much 
engaged me of late, and which I hope soon to make public, has 
led to the conclusion that possibly the reason of this is about to 
be, or is even already, detected. 

Many, well competent to judge, have thought that too much 
attention has been given to gas, and too little to dust. This is 
a growing conviction, both in Germany and in England, and of 
late years the dust has had considerable attention. A work, 
recently published (September 1886) by Messrs. W. N. and J. 
B. Atkinson (Government Inspectors of Mines), entitled ‘* Ex- 
plosions in Coal-Mines,” strives, and I think fully succeeds in 
establishing that many of the most disastrous colliery explosions 
in the last six years have been practically ‘‘ dust explosions,” 
My conclusion, from certain simple physical and chemical ex- 
periments, and from a most careful microscopic examination of 
coal-dust from various seams worked in this field, is that the 
Messrs, Atkinsons’ view is right, and, moreover, that the atten- 
tion hitherto given to coal-dust has not only been useless, but 
absolutely pernicious, since it las lulled into a state of false 
security. 

I have been down several typical coal-pits in this district (the 
Durham field), such as Seaham, Murton, Silksworth, Pelton, 
&c., and in some of them I have seen the water-pipes along 

stop-cocks, and have found the dust on such roads so damp as to 
be rendered harmless, if it had not been so already, but the fine 
dust which coats the upper faces of the roof-timbers was there 
untouched, lying often to the depth of half an inch. Now, the 
bottom dust, as we may call the former, I am prepared to prove 
is almost if not quite universally harmless; and the per dust, 
as we may call the latter, I am equally prepared to prove is in 
the vighest degree dangerous, and especially a certain por- 
tion of it, which I propose to call ‘‘focculent dust.” Lastly, 
I claim to be able to establish that the main source of 
the really dangerous dust is that portion of the coal called 
variously ‘‘ dant,” ‘‘mother of coal,” and ‘‘ mineral charcoal.” 
The upper, and especially the flocculent dust, possesses physical 
and chemical properties wanting, or existing in the most 
shadowy form, in the bottom dust; and the microscopical 
aspect emphasises these differences, as well as shows the rela- 
tion of the former to what is very appropriately called ‘‘ mineral 
charcoal.” 

It would pass beyond the limits of a letter to enter into parti- 
culars, but the observations and opinions of others may be 
hereby evoked, and this good work of saving life and property 
be materially furthered by your kindly admission of this letter to 
your pages. I will now only add that this ordinary upper dust 
and this flocculent dust removed, or rendered innocuous, it is 
my firm conviction that the number of explosions will rapidly 
fall, and also the loss of life be greatly reduced. This is the 
goal of my effort. Some practical men may indicate means, 
and perhaps I, who am a student, may be permitted to suggest 
that keeping the ventilating air-current saturated with aqueous 
vapour, rather than direct watering, would, if it be practicable, 
both lessen the amount of this dangerous dust, and also facilitate 
its removal. ARTHUR WATTS 

Bede College, Durham, October 12 

Volcanic Ash from New Zealand 

A SAMPLE of the ash ejected during the recent eruption in 
New Zealand has just reached me through the kindness of Mr. 
W. Ferguson, Harbour Engineer, Wellington. It was collected 
sixty miles from the seat of the volcano. 

The ash is of a gray colour, of a somewhat darker shade than 
that from Krakatdo. The dark-coloured constituents of the 
New Zealand ash consist principally of black scoriaceous frag- 
ments and ferruginous particles of indefinite character ; those of 
Krakatao consist mainly of magnetite and hypersthene, well 
defined. The following minerals are contained in the New 
Zealand ash :-— 

Flagioclase Feldspar, very fragmentary, limpid, showing poly- 
synthetic striations in the polariscope, and sometimes medial 
twinning line. The few well-formed cry:tals observed recall 
the tabular forms from Krakatao (described in my paper, Proc. 
Roy. Dublin Soc., vol. iv. p. 291). There is a notable absence 
of the cellular vesicular covering observed in the Krakatdo feld- 
spar, and so sugge tive of the pulverisation of a ready-formed 
pumice. 

Hornblende, in elongated prisms, sometimes fibrous longi- 
tudinally or striated ; colour dark green, pleochroic green longi- 
tudinally to brown ; extinction makes a small angle, less than 
15°, with the prism axis; occurs occasionally included in the 
feldspars. It is scarce. 

Biotite and a golden-coloured mica are common in well- 
formed crystals of hexagonal outline, remaining dark between 
crossed Nicols. 

Tryon Pyrites, free and in embedded grains; striated pale 
yellow octahedral forms. Scarce. 

Magnetite, in lustrous black octahedral forms. Not abundant. 
Sulphur, in small broken pale-yellow fragmerts ; burns with 

the characteristic smell, held over a lamp, Scarce. 
Glass, remaining dark between crossed Nicols; variously 

coloured and often containing crystallites arranged fluxionally. 
Common. 

Of these minerals, mica, hornblende, and sulphur are, so far 
as my observations go, not present in the Krakatao ash. Com- 
paring it with samples from Krakatdo gathered at a comparable 
distance from the scene of eruption, the New Zealand ash suggests 
a more hastily formed material, the minerals in common being 
less perfectly developed in the New Zealand ash. I have not 
noticed as yet in this ash the hypersthene conspicuous in that of 
Krakatdo. There are some organic remains, calcareous frag- 
ments of shells. J. Joy 

the main haulage roads supplied at convenient distances with | _ Physical Laboratory, Trinity College, Dublin, October 18 
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An Abnormal Starfish 

A FEW weeks ago I dredged, off the north end of Arran, 
an interesting specimen of Porania pulvillus, Gray (= Goniaster 
templetoni, Forb.). It is rather more than 5 cm, in diameter, 
and one of the five short rays (that opposite to the madreporite), 
when viewed from the aboral surface, is seen to be distinctly 
bifurcated about 1 cm. from its termination. On examining the 
oral surface, it is found that the ambulacral groove of the ab- 
normal ray divides into two branches at a distance of 2 cm. from 
the edge of the mouth. One of these branches runs along one 
of the forks of the ray to its extremity without further complica- 
tion, but the other branch, belonging to the second fork, divides 
again 2 mm. from the first bifurcation, so as to form two tracts, 
which unite with one another 3 mm. further on, thus inclosing 
a small piece of the ordinary integument in an ambulacral area. 
Finally, this ambulacral area divides once more close to the tip 
of the ray. Consequently, there are three bifurcations of the 
ambulacral area in a space of not more than 1 cm. in length. 
As there are no signs of injury or disease on the specimen, the 
abnormal condition seems to have been caused by a tendency to 
dichotomous division like that seen in the rays of Crinoids and 
of the Astrophytidee. W. A. HERDMAN 

University College, Liverpool, October 9 

Peculiar Growth of the Common Acorn-Shell 

A PECULIAR mode of growth of the common acorn-shell 
(Balanus) is met with at Hastings. These crustaceans are 
known to attach themselves sometimes by a shelly basis to rocks, 
&c. In this instance they seem to have worked together to form 
a common shelly tube, as seen in the accompanying life-size figure ; 
still overcrowded, they have also lengthened their outer valves, thus 
spreading themselves out like the umbels of certain plants, as 

many as fifty individuals being sometimes borne on one of these 
tubes. The columns supporting the pier are completely covered 
with them up to high-water mark. Except a comparative few of 
a later generation which—as will be seen in the figure—have 
attached themselves to the tube, and are in the normal condi- 
tion, they all appeared to be dead, but of this I am not certain. 

FRANCIS P, PASCOE 
1, Burlington Road, W., October 18 

Lunar Rainbow—Halo round the Sun in Connection with 
the Storm of October 15 and 16 

On the evening of the 9th there was a good lunar rainbow 
between 7 and 8 p.m. I have not seen one for some years, 
although about twenty years ago in one winter I saw seven or 
nine, I forget exactly which. 

On the r4th, while coming home between 3 and 4 p.m., I 
saw aremarkable halo round the sun. I had intended making 
a sketch of it, but when I arrived there was pressing business, 
and when I was disengaged it was gone. 

The halo was nearly a complete circle, but somewhat 
pressed in at the sides. Inside. there was a dark mass 
with a hard defined edge, with the least trace of faint 
mock suns at the left and right hand lower edges of the 
circle; outside, the sky was remarkably clear, of a green- 
ish-blue colour, The evening and up to midnight was 
very hot, which was suceeeded first by heavy rain, then wind 
that lasted for over forty-two hours ; during this time there was 
considerable heat ; afterwards for about six hours it was fine, to 
be succeeded by heavy rain, and cold ; this afternoon (October 
17) is fine, with half a gale blowing. I should have mentioned 
that after the halo the aneroid went down as low as 28°3. 

Ramelton, co. Galway J. H. Kinanan | the National Botanic Garden at Kew. 

Mimicry in Snakes 

I BEG to remark with reference to Mr. W. Hammond Tooke’s 
letter on mimicry in snakes (NATURE, October 7, p. 547) that I 
stated a case of mimicry in snakes in the year 1869 (see also 
Proceedings of the Zoological Society, 1870, p. 368), and that I 
recently published a short paper on Adeniophis, which again 
treats the case. A. B. MEYER 

October 9 

The Gale 

It may be worth mentioning as a curious coincidence that 
three of the most violent gales of recent times occurred on very 
nearly the same date of the year, namely :— 

Sunday, October 14, 1877. 
Saturday, October 14, 1881. 
Friday, October 15, 1886. 

The first of these was the most destructive in its effects as 
regards this district. W. F. DENNING 

Bristol, October 16 

Adam’s Peak 

WITH reference to the ‘‘ Adam’s Peak shadow” I may per- 
haps mention the following fact :—While at Saas Fee (Canton 
Valais, Switzerland) this summer, we noticed more than once 
that the shadows of the Dom and its neighbours stood out* 
clearly defined in the atmosphere. They were manifestly thrown 
on the cloud and mist that were suspended in the airat the time. 
The phenomenon was in this case witnessed from below. 

Cheltenham, October Wik: 

THE MARINE BIOLOGICAL STATION OF 
BANYULS-SUR-MER ; 

ESTERDAY I had the pleasure of visiting the 
“Taboratoire Arago,” or Marine Biological Station 

of Banyuls, being the second institution of this sort 
founded by M. Lacaze-Duthiers in connection with the 
College of the Sorbonne. I found it in full working 
order, the session, which lasts here from October to 
June, having just commenced. The building is placed 
at the western point of the little bay on which the fishing- 
village of Banyuls is situated, just beyond the Etablisse- 
ment des Bains, and consists of three stories. The ground 
floor is one large sa//e, containing basins which are 
abundantly stocked with marine animals, and is open to 
the public for inspection as an “aquarium.” The lighting 
of these basins appeared to me to be particularly good, 
and the collection contains many Mediterranean forms 
not to be seen in our northern latitudes. The first floor 
contains the working-rooms, library, and museum; the 
upper floor contains the apartments of the Director. In 
M. Lacaze-Duthier’s absence the institution is under the 
charge of M. Henri Prouho, whose official title is “ Pré- 
parateur au Laboratoire Arago.” 

The fauna of Banyuls is probably not nearly so rich 
as that of Naples, but the advantages to English students 
would be, the nearer access (twenty-six hours from Paris) 
and the much more healthy situation. 

If I understand rightly, the subvention awarded to the 
“Laboratoire Arago” by the French Government con- 
siderably exceeds that proposed to be given by the 
Treasury to our new Biological Station at Plymouth. 

P. L. SCLATER 
Port Vendres, Pyrénées Orientales, October 15 

KEW GARDENS 

AP ae well-known scientific traveller, Dr. Schweinfurth, 
has recently paid us a visit in England. The Ber- 

liner Tageblatt of September 12 reports his impressions of 
our botanical institutions as given in a lecture delivered 
the previous day before the “Versammlung deutscher 
Naturforscher und Aerzte.” We extract the account of 

Some trifling 

ie 
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inaccuracies have crept into the report, but we leave them 
as they stand. The impression produced by English 
scenery, vegetation, and gardening on unaccustomed 
eyes is difficult to realise by those to whom they are the 
common-places of every day. 

Dr. Schweinfurth opened his discourse with the remark 
that England under the influence of a summer sun such 
as it had enjoyed this year deserved to be called the 
most beautiful country in the world. Indeed, the 
ordinarily serious and matter-of-fact man of science 
seemed to be filled with enthusiasm when relating his 
observations on botanical institutions in England. He 
assured them that although he had spent weeks in 
London he was only in a position to offer them a frag- 
mentary report on the subject. It is true the amiable 
orator had provided himself with very considerable 
fragments. 

He first of all gave a detailed description of the world- 
wide renowned Kew Gardens, which he compared to a 
botanical “ Ministry for the Exterior,” inasmuch as there 
the reports of all the embassies and agencies flow 
together. The development of this gigantic establish- 
ment presents similar phases to that of the Berlin Botanic 
Garden. Originally a kitchen garden for the Royal 
Court, it has during this century expanded to its present 
size of about 250 acres. Independently of its varied and 
enormous botanical treasures, Kew Gardens is one of the 
most beautiful examples imaginable of park-like arrange- 
ment. Everything luxuriates in the most glorious foliage ; 
not a dead leaf nor a dry stalk was to be seen. Everywhere 
the most untiring and intelligent care was evident ; and 
the manner in which the most delicate plants are brought 
to their fullest development must excite the universal 
admiration. The entire administration of this extensive 
establishment is as simple as it is worthy of imitation. 

Kew Gardens contain a vast herbarium which is pre- 
served in a simple light building with open galleries run- 
ning all round, in which work may be done during the 
day, but no lights are permitted. Along the walls are 
placed the cabinets containing the dried plants, which are 
poisoned with a solution of corrosive sublimate. The 
arrangement of the species is geographical. A magni- 
ficent library and an extensive collection of drawings 
greatly supplement the usefulness of the herbarium. 

The way in which the plants are stuck on sheets of 
paper throughout their whole surface was deprecated by 
Dr. Schweinfurth. 

Further, Kew Gardens contain seventeen large plant- 
houses, among which he specially mentioned those de- 
voted to orchids, succulents, and tropical plants, including 
the palm-house, a building of about the same length as 
the Berlin palm-house, though by no means so lofty. Of 
the most beautiful part of the Garden, the colossal rockery 
of Alpine plants impressed Dr. Schweinfurth most, as it 
was in its greatest floral richness at the time of his visit. 

There are also three spacious museums, situated at 
some distance {rom each other, which is a disadvantage ; 
though from the enormous number of visitors—sometimes 
as many as 80,000 in a day—the separation may have 
appeared necessary. One of the museums contains a 
collection of useful vegetable products in various stages 
of development and manufacture. Another building 
contains the picture gallery founded by Miss Marianne 
North, consisting of 800 botanical landscapes from all 
parts of the world. They mostly represent the general 
aspects of plants, and their purely scientific value is 
unequal ; but the great care with which the fruit is always 
painted is worthy of all praise. 

LEPIDOPTERA IN THE SIKKIM HIMALAVA 

pees has long been celebrated among ento- 
mologists as one of the richest localities in the 

world for insects, and especially for Lepidoptera, which, 

owing to the fact of their meeting a ready sale among 
visitors to the station, are collected as a matter of business 
by twenty or thirty of the Lepcha and Bhotea inhabitants 
of Sikkim. 

But though many of the superb insects found here are 
common in collections, little or nothing is known as to 
their distribution, habits, and time of appearance, as no 
resident naturalist has ever done much at collecting or 
observing their habits in person. The number of species 
is so great, many of them so rare or so uncertain in their 
appearance, and the difficulty of studying their habits so 
great, that there is ample room for many years’ work in 
this direction, and the lists which have been published 
by Mr. De Niceville in several recent numbers of the Fow7- 
nal of the Asiatic Society of Bengal, together with the very 
numerous additions to the known species made by Mr. 
O. Miller, show what a rich harvest is still to be gathered 
by one who does not fear exposure to the tropical heat 
and risk of fever in the low hot valleys where most of 
them are taken. 

Having spent several days recently in observing the 
butterflies of Sikkim, I may give some idea of their habits 
and haunts. 

First, and by far the most numerous, are the butterflies 
belonging to the fauna of the Indo-Malay region, which 
inhabit the low damp valleys from the level of the plains 
up toabout 3500 or 4ooo feet. This region is extraor- 
dinarily rich in the genus Papilio, of which there are at 
least thirty species almost confined to it, though some of 
them on hot sunny days fly far up into higher elevations. 
Most of these species are many-brooded, and begin to 
appear in March, continuing till the end of the rains to 
fly in greater or less numbers. Some of them, however, 
are only single-brooded; almost all of these appear 
before the rains, from March to the end of May or June. 
In the hot valleys they fly at all times of the day up till 
4 or 5 p.m., and are only to be procured in quantity and 
in good condition by those who know their habits, the 
flowering trees they frequent, the wet spots in the sandy 
banks of rivers, where they associate in great numbers to 
settle, and the most attractive baits by which to allure 
them within reach of the net. This is the sort of work 
which the Lepcha excels in. He likes the wandering free 
life in the jungles far better than steady work, and, filling 
his boxes in two or three days without much exertion by 
waiting in the favourite haunts of the butterflies, he earns 
a handsome wage by selling his booty at a pice apiece. 
He will not trouble himself to catch the small and incon- 
spicuous Lyceenidze and Hesperidie, unless specially in- 
structed to do so; but, as a fact, these two families are 
the most numerous in species, if not in individuals, and 
would probably together amount to at least 200 species in 
Sikkim, almost all of which, as far as I can learn, are 
found in this zone of altitude. 

Nymphalidz also are very numerous and very varied, 
though more difficult to procure. The females of some of 
them, as well as of some Papilios, remain unknown, or are 
very rare, notwithstanding the abundance of the males. 
They do not fly much, or frequent the open sunny places, 
but remain settled high up on trees, or in dense jungle, 
where it is impossible to penetrate or to use a net. Many 
large and splendid moths of the family Agaristide are 
mostly day fliers,and innumerable Bombyces, Geometers, 
and Sphinges also frequent these hot valleys, and are 
bred or captured in various ways by the Lepchas, but 
seldom by Europeans. During the rains, when they are 
most abundant, the risk of fever at night is too great for 
much lamp work, and breeding is by the natives but little 
understood. The smaller moths, especially the Micro- 
lepidoptera, remain almost unknown, though some of the 
most showy sometimes finda place in the boxes .of the 
Lepchas. 
When we come to the zone of elevation between 3009 

and 6000 feet, we come into a climate which produces the 



598 NATURE [Oct. 21, 1886 

grandest forest in Sikkim, and surely one of the grandest 
in the world. A mixture of tropical and temperate forms in 
highest perfection occurs, oaks, chestnuts, magnolias, 
laurels, and many other giant trees, laden with climbers, 
orchids, ferns, aroids, and other epiphytes, till the 
branches break with their weight, mixed with a number 
of beautiful shrubs and herbaceous plants. But this 
forest is almost everywhere, unless strictly protected by 
the forest department, or growing on slopes too steep for 
cultivation, destroyed by fire or axe, for the purpose of 
cropping with rice, millet, Indian corn, and potatoes, 
which are the principal crops of the natives ; and owing to 
the great extension of cultivation, and the immigration of 
Nepalese into Sikkim and British Bhotan, a tract of 
really virgin forest between 3000 and 6000 feet is be- 
coming quite a rarity. 

Partly on account of this destruction of the native trees, 
which are replaced in abandoned cultivation by worthless 
weeds, such as artemisia, and by quick-growing soft- 
wooded trees of no value, the species of butterflies pe- 
culiar to this zone are much fewer in numbers, both of 
species and individuals, than lower down, and some of 
the finer and larger species of Adolea, Limenitis, and 
Athyona, which formerly were not rare in Sikkim collec- 
tions, appear to be now very scarce or extinct in their old 
haunts. A little higher up, however, we find a forest of 
much the same character, though denser, darker, and the 
trees much more overgrown with moss. At 7000 and 
8000 feet rhododendrons appear, and a dense undergrowth 
of hill-bamboo, called “ maling,” which forms the principal 
fodder for ponies in Darjeeling, in some places makes the 
forest quite impenetrable. Here the sun shines but rarely 
during the rainy season, and even in the cold weather 
mist is very prevalent. This forest is the home of 
some of the most sup2rb insects in the world. 

Let us walk up a few miles above Darjeeling into 
the great forest which covers Sinchul on a_ sunny 
morning early in June, and wait on one of the highest 
peaks, where a small bare space can be found. Flying 
over the tops of the trees with a rapid soaring flight 
we shall see that grand insect TZecnopalpus tmpe- 
rtalis, peculiar to these forests, and if lucky enough 
to attract him to the ground by a bait, or able to reach 
his resting-place, we may catch one or two in a morning. 
But his female so rarely flies from ber leafy perch that 
in sixteen years I only know of three or four examples 
having been taken, and these one may say by accident in 
unexpected places. Papilio Krishna and P. Minercus, 
again, frequent the same forest ; but of the former, though 
males are in places abundant, the female is hardly, if 
ever, taken. Herda duma, Picris Horsfieldi, Neptes Zaida, 
and other species, have the same peculiarity, that the 
females are hardly ever seen ; and only long and patient 
waiting in spots where sunshine is of rare occurrence, 
will enable the most sharp-sighted collector to obtain 
them. Some beautiful, though sombre-coloured, Satyride, 
such as Lofhoessa goalpara, Yama, and others, Kaphi- 
cera satricius, Lethe scanda, Dinarba and Stdonis, are 
peculiar to these shady, damp forests, and flit along the 
roads when disturbed in dull weather as well as in sun- 
shine; but however active the search, the number of 
species and of individuals seen in a day will be small 
compared to the results of a day in the tropical valleys. 
Higher up still, from 9000 to 12,000 feet, the outer ranges 
of Sikkim are very poor in diurnal species, though rich 
in Geometra, and Micro-Lepidoptera, as the climate is 
too damp and sunless in summer to encourage the 
appearance of species of Palearctic genera, which are in 
places so abundant on the more sunny, grassy hills of the 
North-West Himalaya. 

In the interior, however, where the climate is drier, and 
where Coniferee and rhododendrons form the principal 
features of the forest from 8000 to 11,000 feet, there are a 
number of European genera and species which I have at 

present only procured through native collectors, but 
which I hope to see for myself before long in life. 
Papilio Machaon, Colias Fieldit, Picris brassica, Vanessas, 
Argynnts Lathonia, the lovely A. gemmata, are common 
in these higher, drier, and more flowery regions, whilst 
Parnasstus, Aneis, Melitea, and other Alpine genera are 
also found in certain places. The moths of the interior 
hills are too little known for me to say much about them, 
but there are great numbers of species of European 
aspect, and many novelties amongst them may be ex- 
pected whenever the Tibetan frontier is crossed. 

H. J. ELWES 

SKETCH OF THE EARLY HISTORY AND 
SUBSEQUENT PROGRESS OF PAL&O- 
BOTANY 

ACR the many memoirs included in the Fifth 
Annual Report of the U.S. Geological Survey, just 

distributed, none evinces more laborious research than 
the sketch of palzeobotany, and no part of this will prove 
more valuable, both from its exhaustive treatment and its 
wealth of references, than the section with the above title. 
The matter divides itself naturally into a history of the 
scientific, and of the pre-scientific period. To the latter of 
course belong the speculations of the early Greek philo- 
sophers, whose ideas were far more correct than those held 
fifteen or sixteen centuries later, for they at least recog- 
nised that petrifactions had once been living things, and 
that the mountains in which sea-shells were embedded 
had once been under the sea. These doctrines were it 
appears the popular belief of the Romans, and continued 
to be held until the spread of Christianity caused them to 
be rejected, and that long period of stagnation to set in, 
when all natural science was weighed down and sub- 
ordinated to the religious cosmogony. 
We do not find, however, any direct and unequivocal 

references to fossil plants or wood in either Greek or 
Latin writers, though such must have been far from un- 
common objects in limestone districts, and the history of 
paleeobotany cannot therefore be said to have commenced 
before the thirteenth century, when Albertus Magnus 
described most unmistakably the occurrence of petrified 
wood.” Little further mention, however, is made of any 
fossil vegetable organism until the latter half of the 
sixteenth century, when we find several writers describing 
and discussing the origin of petrified wood, which seems 
to have added fuel to a controversy that had already for 
centuries been raging concerning the genesis of petrifac- 
tions. Building upon Aristotle’s doctrine of spontaneous 
generation, scholastic writers had come to affirm that 
it was equally possible for stones to grow of any required 
form as for living animals and plants. Avicenna in the 
tenth century had conjured up a ws J/afidifica, and 
Albertus Magnus in the thirteenth century had imagined 
a virtus formativa. Bauhin dreamed of some subtle 
Spirit of the Universe, while Libavius opined that fossils 
grew, like living things, from germs or seeds. Balthasar 
Klein obtained a petrified stem, one side being stone, the 
other coal, an object which excited the liveliest curiosity. 
He sent the specimen to Matthiolus, who, after studying 
it, came to the conclusion that coal was a third and final 
step in the process of transmutation, and that just as 
wood turned into stone, so stone in turn became trans- 
formed into coal. Klein’s own views about it seem, 
however, to have been more rational. The discovery in 
the mines of Joachimsthal of a petrified trunk with the 
bark on added to the interest already aroused, and kept 
alive the discussion. 

In 1565, leaf-impressions incrusted in tufa were 

' From the Fifth Report of the U.S. Geological Survey, by Lester F. 
Ward, condensed by J. S. Gardner. 

2 For all references the Fifth Report of the U.S. Geological Survey, 
p. 388 eZ seg., must be consulted. 
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described by Kentmann, and in 1664 the existence of leaf- 
impressions in true rock was for the first time published 
by Major. In 1699, Lhywd, a Londoner, figured and 
described a number of ferns from the Coal-Measures, 
which can even now be recognised. These he was in- 
clined to consider due to the swccus fetrificus, a petrifying 
juice whose action was controlled by the wis dapidifica, 
both petrifying forces having been invented by Kircher 
in 1655, when he propounded his theory of sewznaria de 
corpuscula salina as the true faith regarding petrifactions. 
Sperling believed in a special stone-making spirit, and 
Camerarius (1712) held that in the beginning God had 
supplied the earth’s interior with these varied forms, just 
as he had placed grass and herbage on its surface. Still 
others were content to regard fossils as mere freaks of 
Nature. Such-like ideas held the field, and only began 
to give way during the early years of the eighteenth cen- 
tury, for we find that, as late as 1733, infinitesimal par- 
ticles were believed by a Dr. Arnold to have been brought 
together at the Creation to form dead outlines or images 
of all the living creatures upon or within the world. 
During all these dark ages, however, there were not 
wanting writers who held more rational views as to the 
nature of fossils, and even combated the supernatural 
explanations of the dominant schools. It was due to 
fossil vegetables, according to Brongniart, that these 
crude ideas came to be abandoned. All these theories 
were Swept away by the “ Flood theory,” the first germ 
of which is apparently to be found in Luther’s comment- 
ary on Genesis, where he expresses the belief that surviv- 
ing indications of the Deluge would be found in the form 
of wood hardened into stone around the mines and 
smelting-mills. Several writers between Luther’s time 
and the close of the sixteenth century held the same 
view, but the Flood theory was for a time drowned in 
the more fantastic speculations then in vogue, not to come 
to the surface again until another century had passed. In 
1695 Woodward published a work on fossils, in which he 
maintained that all the solid parts of the earth’s crust 
were loosened by the Flood and mingled promiscuously 
in its waters, and that at its close everything sank back 
to the surface according to its specific gravity, the re- 
mains of animals and plants assuming the positions in 
which they are found petrified. The chiefest expounder 
of this hypothesis, however, was Scheuchzer, whose great 
work on fossils, in 1709, laid the foundations of palzo- 
botany, though he subsequently rendered himself even 
more notorious by describing a large fossil Salamander 
as Homo diluvii testis. His work, however, aroused so 
deep an interest that for many years collectors and 
writers were busy searching for and describing fresh evi- 
dences in support of the Diluvial theory. It had indeed 
for some time no serious rival, and remained all but uni- 
versally accepted down to the second half of the eight- 
eenth century, when dissentients first ventured to make 
themselves heard. The last two decades of the eighteenth 
century were destined to witness a collapse of the Dilu- 
vial theory as rapid as its rise inthe first decade, though 
Hugh Miller even found supporters of it in our own 
time. 

During the seventeenth century the occasional pro- 
tests of the rational minority, among whom we find 
Steno, made few disciples; but during the eighteenth 
their arguments were felt with increasing force. The 
Deluge hypothesis, faulty as it was, was a great actual 
advance, for it at least recognised the real nature of the 
objects, and turned discussion towards the means through 
which fossils came to be embedded. ‘Though several 
authors wrote in a truly scientific spirit during this 
century, it was Blumenbach who first taught with 
authority that the beings to whose former existence these 
fossil forms were due were not only antediluvian, but 
pre-Adamitic, and that, moreover, there had been a series 
of faunas and floras inhabiting the earth before the age 

NABER E 599 

ofman. The change in opinion, however, had long been 
preparing, and prominent among the questions that led 
up to it were: Are these the remains of the same kind of 
plants that are now found growing upon the earth? and, 
When did the originals live that have been preserved by 
changing into stone? Only two generations since the 
answers would have been universally that they were 
plants that grew but a few thousand years ago, and that 
they either grew where found, or had been brought from 
other countries by some such agency as the Flood, or else 
had been destroyed by these agencies and become 
extinct. Scheuchzer regarded them as plants which 
could still be found living, citing a number of genera as 
examples. Among many others who embraced this view 
was Lehmann (1756), who laboured hard to prove that 
the impressions of Axnularia sphenophylloides were 
flowers of Aster montanus, caught in full bloom, and 
petrified 272 sz/w. The exotic theory, as it may be called, 
first appears in a note of Leibnitz, 1706, on the occurrence 
of impressions of Indian plants in Germany ; and in 
1718 Antoine de Jussieu discussed the resemblances of 
the coal plants of St. Chaumont to ferns of the tropics, 
Parsons (1757) stated that the Sheppey fruits were abso- 
lutely exotic, and Dulac soon after compared the coal 
plants of St. Etienne to American species. These 
instances are only a few among many, for similar views 
became commonly held. Volkmann (1720) and others 
held what may be described as a degeneration theory, 
believing that antediluvian vegetation was of a higher 
order, and free from thorns, thistles, and other scourges, 
while comprising many fruit-bearing trees of which our 
modern ones are the degenerate representatives. The 
same authors held at the same time mixed views, think- 
ing that many of the petrified plants might have become 
extinct during the Deluge or other physical changes, and 
it was probably this idea that led to the more critical 
investigation of the stratified rocks, and brought the 
question as to when the originals lived within the region 
of practical science. 

THE RECENT EARTHQUAKES AND 
VOLCANIC ERUPTIONS 

ERRIBLE as has been the tale of destruction to life 
and property during the last six years owing to the 

exceptional activity of the subterranean forces in nearly 
every part of the globe, we cannot avoid the reflection 
that scientific men in the future will feel that there have 
been at least some compensating advantages for these 
sad losses. Never before, perhaps, have greater oppor- 
tunities been afforded to us for collecting the real facts, 
and for testing, verifying, or correcting hypotheses con- 
cerning these interesting phenomena; and never, certainly, 
have such organised efforts been made to deal adequately 
with the great opportunities which have been afforded 
to us. 

After the earthquakes at Agram, a Commission ap- 
pointed by the Hungarian Government was sent to 
examine the district, and the result was a Report of great 
value and interest, in which the exact details of the actual 
phenomena observed were carefully sifted from the mass 
of vague rumours and gross exaggerations with which 
they had become involved. Admirable monographs on 
the terrible earthquakes of Ischia in 1881 and 1853 have 
been prepared by Prof. Mercalli, of Monza, and by our 
own countryman, Dr. Johnston-Lavis. The tremendous 
catastrophe which occurred in the Sunda Straits three 
years ago has already given rise to a vast mass of litera- 
ture bearing on the subject. Commissions, including 
very competent observers, were sent to the district by the 
Dutch and the French Governments, and the former of 
these has already completed and published its very valu- 
able Report. We may be certain, too, that the more 
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recent events, in New Zealand and Charleston respect- 
ively, will not be allowed to sink into oblivion until every 
effort has been made to gather to a focus all the light 
which they are capable of affording to us on the great 
problems of vulcanology and seismology. 

No one can have studied the reports of the late eruption 
of Tarawera in New Zealand without being impressed by 
the energy and enterprise exhibited by the local Press of 
the colony. The first mail after the outbreak brought us 
very full and detailed accounts collected by correspondents 
who, braving no inconsiderable risks, travelled over the 
scene of the catastrophe to collect information, and these 
accounts were amply illustrated by maps, sketches, and 
photographs. It must always be remembered, however, 
that the requirements of journalism and science are dif- 
ferent, and to some extent antagonistic: the former 
demands, above all things, speed ; the latter, accuracy. 
It is often only when the work of the newspaper corre- 
spondent is well-nigh forgotten that the scientific man 
finds himself in a position to deal with the vass mass of 
unsifted materials—good, bad, and indifferent—which is 
poured out before him in such wonderful profusion ; to 
him relations of events can never be “stale” if they are 
capable of being authenticated and of supplying accurate 
data for the legitimate inductions of science. 

In the case of the Tarawera eruption, as in that of 
Krakatao, it must be always a subject of regret that the 
topographical and geological surveys of the scene of the 
outbreak which were made prior to the event appear to 
have been far from perfect. Tarawera is situated in the 
midst of a barren region, in the very heart of the native 
reserve, and it was moreover most jealously guarded from 
the intrusions of white men by the superstitious Maoris, 
who used it as the place for depositing their dead. Dr. 
Hector, the accomplished Director of the New Zealand 
Geological Survey, confesses that he had never been able 
to ascend the Tarawera Range, but that from an examina- 
tion of its flanks he concluded that it was composed of 
highly acid (rhyolitic) lavas in cow/ées and dykes, and that 
large quantities of obsidian and pumice were also present. 
He was thus led to conclude that Von Hochstetter was 
right in mapping the mountain as belonging to his recent 
volcanic series. Mr. Percy Smith, the Assistant Surveyor- 
General of New Zealand, who like Dr. Hector was upon 
the spot within a few hours of the outbreak, had been 
more fortunate in obtaining some knowledge of the upper 
part of the mountain before the eruption. In the year 
1574 he ascended the mountain three times, and found its 
summit to be destitute of any trace of a crater, but to 
consist of a table-land about three miles long by half a 
mile wide, divided into two portions by a saddle, and 
covered by angular fragments of rhyolite, apparently 
shivered by the action of frost. 

There unfortunately still exists some doubt upon the 
question as to whether Tarawera has ever been in erup- 
tion during the period that New Zealand has been 
occupied by the Maoris. On the one hand, it has been 
asserted that no traditions of any previous outbreak are 
preserved among the natives; but, on the other hand, 
the names given to the parts of the mountain are said 
to indicate a knowledge on the part of those who first 
applied them of its voleanic character, and moreover the | 
extreme sacredness attaching to the locality seems 
certainly to point to the conclusion that there had been 
something remarkable in its past history. 

Certain it is, however, that, up to June ro last, Tarawera 
was not by any means regarded as a spot upon which a 
volcanic outburst might be expected to break out. But 
after a series of violent earthquakes occurring on the 
midnight preceding that day, and lasting for about three- 
quarters of an hour, a great fissure opened, beginning 
with an orifice on its northern summit and gradually 
extending south-westwards to a distance of four miles 
during the next hour anda half; distinct ejections took 
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place from at least seven vents along this line of fissure. 
The highly heated condition of the materials thrown 
from these vents, which set on fire trees at a great distance 
around the mountain, certainly points to the conclusion 
that molten lava was ejected from the volcano during this 
its earliest stage of eruption. But that this lava rapidly 
became consolidated and no longer incandescent on its 
surface appears to be clearly established by the observa- 
tions of Dr. Hector, who, watching the steam cloud on 
two successive clear nights, was unable to detect any 
trace of a reflected glow upon it. After the first tre- 
mendous outburst, this eruption appears to have been 
almost entirely a hydrothermal one, and to have slowly 
but gradually declined in intensity. 

Immediately after the completion of the first fissure, 
there opened a second one throwing out enormous . 
volumes of steam. This second fissure, which eventually 
attained a length of nearly eight miles, running in a _ 
nearly north-and-south direction, was that which passed 
through the famous lake of Rotomahana. Its ejections 
seem to have been purely hydrothermal in character, and 
by the masses of ash and mud thrown out, the beautiful 
sinter terraces have been apparently converted into mud- 
volcanoes. There still remains some doubt as to whether 
the second fissure is not to be regarded as a branch of 
the first-formed one. The eruptions from a number of 
vents formed along this second fissure have also been 
gradually diminishing in intensity; but the quantity of 
steam and of more or less finely comminuted rock ejected 
from them has been enormous. 

According to the latest accounts which have reached 
us from the district, the ash, which covers the whole 
country like a great mantle of snow, effectually prevents 
the completion of the necessary geological observations 
upon the scene of the eruption. Indeed, Dr. Hector, 
after a preliminary survey, felt that no useful detailed 
work could be done until the rains have removed this 
covering of loose dust and rendered the country more 
easily accessible. Mr. Percy Smith has, however, 
ascended Tarawera, and reports the existence of a great 
fissure four miles long and five hundred feet wide, of 
which there seems to have been no trace when he 
ascended the mountain on former occasions. 

It is evident from this brief outline that a number of 
problems of the greatest interest await solution in con- 
nection with the recent display of volcanic energy in New 
Zealand. Never before, perhaps, have better opportunities 
been afforded of studying the phenomena attending the 
formation of the fissures along which volcanic ejections 
take place. It is remarkable, too, that, although the 
quantity of materials erupted was very great, there were 
few if any regular cones of the ordinary pattern built up 
along the fissures. There also remains much to be learnt 
concerning the actual nature of the materials ejected at 
different stages of the outburst, and the way in which 
they were distributed: all the materials at first thrown 
out still remain buried under the later ejectamenta. 

Upon these and many other problems of the greatest 
importance we may rely on the geologists of New Zealand, 
both officials and amateurs, for obtaining all possible 
evidence during the next few months; and when their 
researches have been completed the New Zealand erup- 
tions of 1886 can scarcely fail to prove among the most 
instructive which have ever come under the observation 
of vulcanologists. 

That the terrible catastrophe at Charleston will be 
similarly utilised by the numerous and able geologists of 
the United States we cannot for a moment doubt. The 
telegram despatched by Major Powell during the recent 
meeting of the British Association at Birmingham shows 
how fully alive he was to the importance of carrying on 
systematic observations in the district ; among his staff 
of excellent geologists constituting the United States 
Geological Survey he will experience no difficulty in 
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selecting observers admirably qualified for this investiga- 
tion; nor need we fear that the United States Government 
will be wanting in their accustomed liberality in publish- 
ing the Reports on the subject when they are prepared. 
Nor will the unofficial geologists of the country and 
private associations be behindhand in contributing to 
the mass of information gradually accumulating upon the 
question of the nature and origin of the terrible event. 

ON LION-BREEDING' 

{ee Gardens of the Royal Zoological Society of 
Ireland have become famous among zoological 

gardens for their breed of lions. While here and there 
among the zoological gardens of the world a lion cub is 
born, none save those of Dublin can boast of a period of 
lion-cub production of nearly thirty years’ duration, or of 
the extraordinary success of the birth of 131 cubs. This 
being so, we are indebted to Mr. V. Ball for a history of 
the subject, which has been published in a recent part of 
the Transactions of the Royal Irish Academy. The 
subject is one of interest in several ways, and the follow- 
ing short abstract of the details will call our readers’ 
attention to it. 

In 1855 a pair of lions from Natal were purchased for 
these Gardens. The exact relationship of these appears 
to have been unknown, but their first litter was born in 
1857. From 1857 to 1885 we find a total of 131 cubs 
born, of which twenty-one were either born dead or 
died shortly after birth, and 110 were reared, eighty-six 
of these latter being sold, greatly to the profit of the 
Society and to the advantage of very many of the zoo- 
logical gardens of Europe, Asia, and America. These 
131 cubs were the offspring of nine lionesses and four 
lions ; of the latter, one, “ Natal,” was the father of forty- 
two cubs; and another, “Old Charley,” who was a son 
of “Natal’s,” was the father of forty-six; while of the 
former, one, “ Old Girl,” who was born in the Gardens in 
1859 as one of a litter of five, was the mother of no less 
than fifty-five cubs, of which forty-nine were reared. 
This prolific lioness died at the age of 16 years, 
apparently of old age. 

The facts given by Mr. Ball in one of his very carefully 
compiled tables seem to indicate two periods of the year 
at which lionesses in a state of semi-domestication pro- 
duce their young. While the absence of any well-authen- 
ticated information as to the period of the year in which 
lion cubs are born when ina state of nature is quite remark- 
able, yet Mr. Ball ventures the fairly safe surmise that 
considering the period necessary for the rearing and edu- 
cation of a cub to be at the least a year, for the cub is often 
learning to kill its prey when over a year old, it is most im- 
probable that lionesses have more than one litter ina year 
when ina wild state; but he thinks it probable that the geo- 
graphical surroundings of the parents may alter this period, 
and that it may be in the autumn season in the tropics, 
when the great heats and droughts of summer are over, 
and in the spring season in more temperate climes, where 
the summer warmth would be of service to the young off- 
spring ; and he very ingeniously speculates that the two 
periods of maximum production, as observed in the 
lionesses in the Dublin Gardens, may have been inherited 
from two corresponding periods, the result of climatal 
conditions in a wild state. Another remarkable pheno- 
menon comes to light on comparing the curves of produc- 
tion, when modified into curves of conception, with the 
monthly curves of temperature for Dublin. In doing so, 
the maximum curve in the one case is found to closely 
approximate to the maximum curve of temperature, ze. 

t “Observations on Lion-Breeding in the Gardens of the Royal Zoological 
Society of Ireland,” by V. Ball, M.A., F.R.S., Director of the Science 
and Art Museum, Dublin, and Hon. Sec. of the Royal Zoological Society 
of Ireland. Yvansactions of the Royal Irish Academy, vol. xxviii. Part 24, 
-August 1886. 
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June and July; and the second maximum curve corre- 
sponds to the period of lowest temperature, z.e. December 
and January: but it will be remembered that then the 
animals are kept in well-heated houses, so that this 
period, as to temperature, may, though the temperature be 
artificial, be compared to the other, when it is natural. 

The cubs when born are noted as distinctly spotted 
with dark brown on a ground colour which is rather 
light brown than fulvous; from about one to three 
months they are perhaps most distinctly defined ; and, 
though along the back the spots are somewhat quadran- 
gular in shape, there is no indication of actual bars or 
bands. 

In reference to the sexes of the cubs, Mr. Ball is able 
from accurate information to record the sex of 130 of the 
cubs, and we find 74 were males and 56 females, giving 
a majority of 14 males in every 100 cubs. This is an 
interesting and novel addition to our knowledge of the 
natural history of the large Carnivores. 

No lion or lioness lived in the Gardens for a longer 
period than 16 years, and it seems probable that 12 to 14 
years is the average duration of lion life. The cases 
so often referred to of lions living to an age of 20 to 30, 
or the case of “ Pompey,” who died in the Tower in 1760 
at the age of 70, stand on no scientific or even reliable 
evidence. 

Under the heading of “The Cause of Success in 
Breeding,” we find some valuable suggestions as to the 
keeping of these splendid Carnivores ; but we searched in 
vain for the secret of success. Horse-flesh is evidently 
not dear in Dublin, as the annual cost of the food of an 
adult lion, being for the most part horse-flesh, only came 
to 152 in 1885. A series of tables accompanies the 
memoir, and some illustrations of the cubs of the lioness 
“Queen,” born April 1885, from drawings by Mr. 
Thomas. 

NOTES 

AN article in Nature for May 6 (p. 7) drew attention to 

the fact that this present year is the tercentenary of the introduc- 

tion of the potato into England, and discussed some of the 
points of its history. Apart from the purely historic aspects of 

the question, ‘‘ Whence did our potato first come ? ” it was shown 
that in connection with the suggestion of cross-breeding to 
strengthen against disease it is very important to know which 
is the species that for three hundred years we have been culti- 

vating. With a view to drawing the attention of cultivators to 
the subject, it is proposed to hold a Tercentenary Potato Exhi- 
bition at the St. Stephen’s Hall, Westminster, from Wednesday, 
December 1, to Saturday, December 4, and to appoint one of 

those days fora Conference, when some of the unsettled questions 

may be discussed. The Exhibition will consist of four sections :— 
(1) An historic and scientific collection, to include early works 

on botany, in which the potato is figured ; maps showing the 

European knowledge of the New World three hundred year 

ago, and the proximity of potato-growing districts to the ports 
most frequented ; early books on travel and voyages in which 

references to the potato occur; works and papers in which 

attempts to define the different species are made ; illustrations 
of the species and varieties ; contemporary references to the 
voyages of Hawkins, Drake, Grenville, and Raleigh. (2) Illus- 
trations of potato disease, and works on the subject. (Sections 

I and 2 will be arranged under the advice of a committee of 
scientific gentlemen who have consented to give their co-opera- 
tion.) (3) Methods for storing, preserving, and using partly 
diseased potatoes, &c. (4) A display of tubers of all the various 

varieties grown. (In this section gold, silver, and bronze medals 

will be awarded. Each exhibit must be accompanied by a state 

ment of date of planting, locality, nature of soil, &c.) 
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Mr. JoHN WHITEHEAD, well known to ornithologists for his 
discovery of a new species of Nuthatch in Corsica, has been 
travelling in Borneo during the last two years, and has sent 

home a large collection of birds. Unfortunately the disturbed 
state of the country in the Brunei district has prevented Mr. 

Whitehead from accomplishing the chief object of his expedition, 

the ascent of Kina Balu, and he has therefore been obliged to 
restrict his labours to *the neighbourhood of Labuan and the 

country round Sandakan. These districts have been well worked 
for years by Mr. Alfred Everett, Mr. Treacher, Mr. Pryer, and | 

other naturalists, and Mr. Whitehead’s collection, although very 

complete, did not contain anything new to science. He is now 

travelling in Java, and purposes to explore some of the mountain- 

ranges in the interior. 

Mr, GEORGE REID, a well-known contributor to the pages 

of Mr. Allan Hume’s journal, Stray Feathers, has just fin- 

ished a ‘‘Catalogue of the Birds in the Provincial Museum, 

N.W.P. and Oudh, Lucknow.” Mr, Reid is the member of 

the Committee of Management in charge of the Natural His- 
tory Department of the Lucknow Museum, and the value of the 
bird-collection depends upon the series which Mr. Reid has | 
himself given to the Museum, his donation amounting to 1287 
specimens out of a total of 2646. The Museum appears to 
possess a very complete collection of birds from the neighbour- 

hood of Lucknow, and it is encouraging to see that Mr. Reid, 

in re-organising the natural history portion of the Museum under 

his charge, has recognised the first duties of a local institution, 
and has commenced by making a good collection of the birds 

of the province, of which Lucknow is the capital. Mr. Reid 
will be glad to entertain the idea of exchanges with other 

Museums. 

THE concluding part of the late John Gould’s ‘‘ Supplement ” 
to his “‘ Monograph of the Trochilidze” will shortly be issued 

by Messrs. Sotheran. This work, which was left unfinished at 

Mr. Gould's death, has been completed by Mr, Bowdler Sharpe, 

who has also nearly finished the great work on the ‘‘ Birds of 
New Guinea,” which had not long been commenced by the 

author before he died. 

Messrs. TAYLOR AND FRANCIS will shortly publish a work 

by Mr. T. Mellard Reade, F.G.S., entitled “The Origin of 
Mountain-Ranges.” In addition to containing a systematic 
theory of mountain-building, with detailed experimental illustra- 
tions, the structure and geological history of the great mountain- 
masses of the globe will be discussed. The work will also 

contain many maps and sections of mountain-ranges, and a con- 

toured map of the North Atlantic Ocean, together with numerous 
sketches of mountain-structure and scenery, from Nature, by 

the author. 

Pror. R. H. RicHarps, of Springfield, Massachusetts, has 
invented an ingenious and effective application of the zoétrope 

for the illustration of the relation between certain isomeric forms. 

The apparatus exhibits the gradual passing of a cube into 
an octahedron, a dodecahedron, &c. It can be used also for 

exhibiting the growth of hemihedral forms of crystals. 

A pRoyecr is on foot for tunnelling the ‘‘Great Divide.” 
The Divide is the Rocky Mountains, and the point proposed to 
be tunnelled is under Gray’s Peak, which rises no less than 

14,441 feet above the level of the sea. At 4441 feet below the 

peak, by tunnelling from east to west for 25,000 feet direct, 

communication would be opened between the valleys on the 
Atlantic slope and those of the Pacific side. This would shorten 

the distance between Denver, in Colorado, and Salt Lake City, 

in Utah, and consequently the distance between the Missouri 
River, say at St. Louis, and San Francisco, nearly 300 miles ; 

and there would be little more required in the way of ascending 

or descending or tunnelling mountains. Part of the work ms 
already been accomplished. ‘The country from the Missouri 19 

the foot of the Rockies rises gradually in rolling prairie till an 
elevation is reached of 5200 feet above the sea-level. The 
Rockies themselves rise at various places to a height exceeding 

11,000 feet. Of the twenty most famous passes, only seven are 
below 10,000 feet, while five are upwards of 12,000 feet, and 

one, the Argentine, is 13,000 feet. Of the seventy-three im- 
portant towns in Colorado, only twelve are below 5000 feet, ten 

are over 10,000 feet, and one is 14,000. The point from which 

it is proposed to tunnel is 60 miles due west from Denver, and 

although one of the highest peaks, it is by far the narrowest in 

the great backbone of the American continent. 

AT a meeting on Tuesday of the Committee of the subscribers 
to the British School of Archeology at Athens, Prof. Jebb said 
the School had been erected and paid for, Mr. F, C, Penrose 
had been appointed Director, and a provisional income of 400/. 
a year for three years had been raised; but additional funds 

were required. Prof. C. T. Newton, in urging the importance 
of having a great School of Archeology, suggested that there 
should ultimately be raised a special fund for the payment of the 

travelling expenses of the students at Athens. On the motion 

of Prof. Jebb, a Managing Committee was appointed. 

On Saturday last, after six in the evening, several shocks of 

earthquake were felt in Alsace and many other parts in the 
nearest Alpine valleys, in the Vosges, and in the Black Forest. 

At Strasburg there had not been any earthquake for almost 200 

years. The direction of the movement was from north to south. 

Several of the shocks were rather severe. 

A TELEGRAM from Halifax, October 14, states that a shock 

of earthquake lasting ten seconds had been felt at Sydney, Cape 

Breton Island, Canada. 

Tue Rey. J. H. Abrahall writes from Combe Vicarage, 

Woodstock, that on September 30, while near Blenheim Park, 

walking westwards about 7 p.m., he was aware of a sudden 

splendour above him on his left. Turning towards it, he 

saw a meteor moving eastward. It pursued a level path 
beneath the Milky Way about a sixth of the distance from 

the zenith to the horizon. It was bigger than Jupiter, and of a 
yellow hue. A reddish flame curled, crest-like, backward from 

its top. Its course was slow, and it quenched the light of the 
stars it passed over. It soon vanished, leaving no luminous 

train. 

We have already referred to two successive instalments of 

Mr. Taylor’s papers on the aborigines of Formosa, which have 
appeared in the China Review of Hong Kong. The third and 

last is now before us. It first describes the Pepo-huans, who 
are really not aborigines at all, but who stand between the 
savages and the Chinese settlers, speaking the language of both. 
They are believed by themselves and the other tribes to be the 

result of mixed marriages between whites and Chinese, who 

have traded to the country or been wrecked on the coasts, and 
aboriginal women. They are a simple, harmless, peaceful 

people. The Diaramocks, who inhabit the mountain-ranges 

which form the north-western boundary of the Tipuns (already 

described), are a fierce and intractable race, addicted to canni- 

balism. Little is known about them, as they hold aloof from 

other tribes. They are supposed to be the true aboriginal 

inhabitants of Formosa. ‘There is also said to be a tribe of red- 

haired savages, living amongst the central mountains, but no 

authentic information has been gained respecting them. The 

inhabitants of Formosa generally are described as inquisitive 

and intelligent. The Chinese have a proverb to the effect that 

when the savages take to wearing trousers there is no opening 
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Jeft fora Chinaman. The custom of head-hunting which prevails 
in some districts is mainly intended to prove the valour of the 
young men. On the whole, Mr. Taylor has given us a large 
number of details, classified under various tribes, which were 

not known before. 

In the September number of the Meteorologische Zeitschrift, 
Prof. Hann gives the results of many years’ observations on the 

temperatures of the various parts of the Vienna forest. The 
forest valleys have a considerably lower temperature than the 
open land outside. This difference is smallest in winter and 

greatest insummer. But there is no similar effect during the 

course of the day, for the afternoon difference is not the greatest. 

It is actually least in the warmer hours of the day, and greatest 

in the cooler part. In the early morning and evening the 

influence of the forest in lowering the temperature of the air is 
greatest. 

THe last number (vol. ly. Part 2, No. 2, 1886) of the Fowrnal 
of the Asiatic Society of Bengal has for its first paper a list of 
butterflies taken in Kumaon, a district in the middle portion of 

the Himalayas, lying between Garhwal and Nepaul, by Mr. 

Doherty, of Cincinnati, who spent several months towards the 
close of last year in the expedition. Mr. Doherty’s failure in 
the higher regions bordering on Tibet leads him to advise entomo- 
logists that the three summer months are the only good ones 

for collecting, either on the desert plains of Tibet, or in the deep 

valleys of the Himalayas sheltered by the outer range from the 

violence of the monsoon rains. Dr, Barclay contributes two 

papers—one on a second species of Uredine affecting the Hima- 

layan spruce-fir (Adées Smithiana, Forbes), the first being 

described in the first paper of the present volume ; the second 

paper by the same writer relates also to new species of Uredine 

parasitic in the deodar (Cedrus deodara, Loudon). Mr. Atkin- 

son concludes his six papers on the Indian Riynchota, which 

have been compiled in order ‘‘to provide those who may become 

interested in this order of insects with some guide to their classi- 

fication and arrangement, and was at first devoted to the correction 
of our only English list, but this became so unsatisfactory that it 

was found better to revise the whole on the basis of Stal’s numerous 
and elaborate essays.’ The number of species described under 
each family is: Czcadide, 115; Cercopide, 67; Membracide, 

33; Fasside, 38; Fulgsride, 224. These figures, Mr. Atkin- 

son adds, could probably be doubled in a few years, for the 
number of Fassida alone awaiting examination should add 
several hundred species to the Indian fauna. Dr. King adds three 

apparently new Primulas from the higher parts of the Eastern 
Himalayas to the Primulacee of Sir Joseph Hooker in his 
«Flora of British India.” Finally M. de Nicéville has a paper 

‘© On the Life-History of Certain Calcutta Species of Satyrine, 
with special reference to the Seasonal Dimorphism alleged to 

occur in them.” 

ANOTHER consignment of German carp (Cyfrinus carpio) is 

to be imported by the National Fish Culture Association to meet 

the growing demand for this species, which is superior to its 
congener of this country. The Association, through its secre- 

tary, Mr. Oldham Chambers, has urged upon those possessing 

disused waters to introduce the carp, both the mirror and leather 
species, therein. Although the German carp belongs to the 
same genus as the English, the former is being imported to 

improve the latter, which have deteriorated in flavour and con- 

dition owing to lack of cultivation. The fish will be committed 
to the charge of the Marquess of Exeter’s pisciculturist, who has 
proceeded to Germany for the purpose of bringing them over, 

together with other species. 

AN amusing incident occurred last week at the Colonial and 
Indian Exhibition Aquarium, where a remarkable raven from 

the Isle of Mull is now on view. On being fed it is the habit of 
this bird to hide the remnants of its repast in various parts of its 
habitat, and exhume them when prompted by hunger to renew 
the meal. One day a rat invaded the spot, and commenced to 

excavate for the hidden articles of consumption. Enraged at 
this proceeding, the raven fell upon the rodent, and gored it to 

death after a severe struggle on both sides. 

Messrs. WHITTAKER AND Co. will issue in the course of 
next week ‘‘ On the Conversion of Heat into Work, a practical 

Hand-book on Heat Engines,” by Mr. Wm. Anderson, M.I.C.E. 

THE additions to the Zoological Society’s Gardens during the 
past week include a Rhesus Monkey (A/acacus rhesus 6) from 
India, presented by Mr. T. L. Brewer; a Macaque Monkey 
(Macacus cynomolgus 8) from India, presented by Mr. Walter 
C. Horsley ; a Bonnet Monkey (acacus sinicus g ) from India, 

presented by Mrs. Samuel Lloyd ; a Common Squirrel (Sczwres 
vulgaris), British, presented by Miss F. Westrup ; two Grey 

Seals (Halicherus grypus) from the Island of Canna, N.B., 

presented by Mr. R. Thom; a Varying Hare (Lepus variabzlis) 
from Perthshire, presented by Mr. T. West Carnie ; a Goshawk 

(Astur palumbarius) from France, presented by the Baron 
D’Epremesnil ; a Golden Plover (Charadvius pluvialis), British, 

presented by Mr. G. Smith ; ten Common Vipers (’zfera berus), 

British, presented by Mr. C. F. McNiven ; two Black-footed 

Penguins (Spheniscus demersus) from South Africa, purchased. 

OUR ASTRONOMICAL COLUMN 
Tue Brnary STAR 7 CyGni.—Mr. J. E. Gore (who has 

taken up this branch of astronomy with great vigour) has 
published in the Astronomische Nachrichten, No. 2749, elements 
of the orbit .of + Cygni. Using the measures of Dembowski, 
Burnham, Frisby, and Tarrant, he finds :— 

P = 53°87 years Qa—nosmor 
T = 1863°99 A = 205° 26’ 

€ = 0°3475 a= 119 
y = 44 40! w= — 6°68. 

These elements represent the observations fairly well. It must 
be remembered, however, that the measures only extend over a 
period of ten years, and the orbit must therefore be considered, 
as Mr. Gore states, to be provisional only. 

Tue Lick OBSERVATORY.—We learn from Sczence, vol. viii. 
No. 190, that the following plan has been devised by Prof. 
Holden for the working of the great telescope :—‘‘ We mean to 
put the large telescope at the disposition of the world by in- 
viting its most distinguished astronomers to visit us one at a 
time, and to give to them the use of the instrument during 
specific hours of the twenty-four. Each day there will be 
certain hours set apart when the Observatory staff will relin- 
quish the use of the equatorial to distinguished specialists who 
will come from the United States and from Europe to solve or 
to attack some one of the many unsolved problems of astronomy. 
In this way we hope to make the gift of Mr. Lick one which is” 
truly a gift to science, and not merely a gift to California and to 
its University.” 

Comet BARNARD (1886 f).—Dr. J. von Hepperger has pub- 
lished the following elements and ephemeris for the comet dis- 
covered by Mr. Barnard on October 4 :— 

T = 1886 December 24°3064 Berlin M.T. 

r-2 = 78 56 20 ) 
Q = 140 17 55; Mean Eq. 1886’0. 

t= 93 33 32 J 
log g = 9791236 

Error of middle place (O — C). 
ddcosB =- 8 @dp=-t. 

Ephemeris for Berlin Midnight 
1886 R.A. Decl. Log A Logy Bright- 

i RE ’ ness 

Oct. 22 11 16 13 3 57'6N. 0°2961 0°1434 1°86 
26) Tl) 27eIG a Auer 0'2747 071296 2°21 
30 Il 39 16 5 53°2 0°2520 0'1093 2°66 

Noy. II 52 28 7 17 .N. 0'2281 O'0916 3°22 
The brightness on October 6 is taken as unity. 
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Io Sacirt.— Mr. S. C. Chandler has discussed, in the 
Astronomische Nachrichten, Mr. Gore’s observations of this 
star, together with some of his own, and some observations 
made for the Harvard and Oxford Photometric Catalogues. 
The result of his inquiry is to give M = 1885 December 
4d. gh. 36m. G.M.T. + 8d. gh. trom. (E- 391), the duration 
of increase being 3‘00d., and of decrease 5°38d., and the mag- 
nitude at maximum being 5°6, and at minimum 6°4. Mr. 
Chandler considers it likely that the period will prove to be 
within two minutes of the truth. Mr. Espin’s value, however, 
is th. 28m. shorter. 

THE OBSERVATORY OF RIO DE JANEIRO.—M. Cruls, in a 
communication to the Paris Academy of Sciences, states that 
the long-talked-of transference of the Rio Observatory is about 
to be commenced. The site chosen lies nearly on the same 
parallel as the present Observatory, but two minutes farther to 
the west. The Brazilian Observatory possesses, from its proxi- 
mity to the tropic, an advantage over all others, in that for forty 
days in the year the sun’s zenith distance does not exceed 1°. 
M. Cruls anticipates that in the new edifice he will be able to 
undertake, with success, observations of terrestrial magnetism, 
and of atmospheric electricity, and he would wish to set up a 
delicate seismograph for recording slight movements of the soil. 
He trusts also that the Observatory will bear its share in the 
great photographic survey of the heavens proposed by Admiral 
Mouchez. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 OCTOBER 24-30 

(FoR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed. ) 

At Greenwich on October 24 

Sun rises, 6h. 41m. ; souths, 11h. 44m. 16°6s.; sets, 16h. 47m. ; 
decl. on meridian, 11° 50’ S.: Sidereal Time at Sunset, 
18h. 59m. 

Moon (New on October 27) rises, 2h. 37m. ; souths, gh. 19m. ; 
sets, 15h. 48m, ; decl. on meridian, 4° 45’ N. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m. h, m. ars 

Mercury) <:.. 8 22) .<. (20479... 17 12) ).-seetSeaolS. 
Venus ... 5 41 7) 00 O) fee 101370 bP eOMS STO. 
Mars 10 44 14°37) cc. | 1S) 301et. mee aeOlS. 
Jupiter... 5 33 Tio 3...) 16133) sane AS 
Saturn... 21 24” 5u26) s..56 1325 21 18N. 

* Indicates that the rising is that of the preceding evening. 

Oct. h. 

30 Io... Mars in conjunction with and 6° 5’ south 
of the Moon. 

Variable Stars 

Star R.A. Decl. 
. hes) im: ome h. m. 
U Cephei © 52'2.... 51 16N.... Oct..2ayaamgn 77 

” 28, 4 30 m 
ReCetie. 252072) t=) 10° 42)S. sen ay) 208 MT 
Algol 3 (0°8\.2..40 31) Ni -:. 5,1 s24nzomens) vz 

» 27, 19 52 m 
A Tauri 3 54:4°... 12 I0)N.-.. 55 25392283077 

93 29, 21 22 m 

UiOphinchi. = —..07 T0l8i.. 1 20 Nene 55 AO 72 
and at intervals of 20 8 

BlLyre... ... ... 18 45°9... 33 14 N. ... Oct. 30, 21 30 m 
S Vulpeculze LOMAS Tien 27 LOO) ce) tas) ees M 
R Sagittze 5 ie Eee MOMENI o55) op. ZH m 
5 Cephei > 220240) .-2) 57 5 OV No ees ss RZ SSE EOLLT 

33) 2O,n2LgO) 772 
M signifies maximum ; #7 minimum. 

Meteor Showers 

The present week offers fewer active radiants than the one 
just past. The following radiants are, however, represented :— 
Near 8 Canis Minoris, R.A, 105°, Decl. 12° N.; and from 
Cancer, R A. 133°, Decl. 21° N. Both yield swift meteors, 
especially the latter. October 24 and 29 are fireball dates. 
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GEOGRAPHICAL NOTES 

THE last volume of the /zvestia of the Caucasus Geographical 
Society (vol. viii. 2) contains a great variety of geographical 
information. General Stebnitzky contributes a most interesting 
paper on the figure of the earth, being a discussion of results 
obtained from pendulum-observations in connection with the 
opinions expressed by M. Faye. An excellent map of the 
province of Kubaii, on a scale of 13 miles to an inch, is accom- 
panied by a sketch of the colonisation of the province, which 
already has a Russian population of more than one million 
inhabitants. M. Koshkul gives a short description of the 
“*Naphtha Mountain,” in the Transcaspian region. The tele- 
graphic determination of the longitudes of Tiflis, Shemakha, and 
Baku acquires the more interest, as it allows of the determination 
of the general error (14”°3) of the Caucasian triangulation and the 
deviations from the vertical line, due to local causes at these 
three places. A list of points whose positition has been deter- 
mined by the triangulation made in the Transcaspian region, as 
also in Khiva and Bukhara, is given by MM. Pervas and 
Gedeonoff, and will be most welcome to cartographers. Among 
the notes we notice the following :—On the Caucasians of 
Kuban, due to M. Zagursky, whose researches on the languages 
of the Caucasus are always so great a help to ethnography ; a 
list of the Caucasian population in Kubaii in 1883, from which 
we learn that from Kubafi alone no less than 13,600 Circassians 
have emigrated since 1871 ; M. Chantre’s craniological measure- 
ments are summed up by M. Zagursky ; and M. Lessar contri- 
butes a paper on the north-western frontier of Afghanistan. 
The ‘‘ Appendix” shows where the chief attention of the Cau- 
casus Geographical Society is now directed. They contain 
translations of a work dealing with Armenia (the ‘‘ Toros 
Akhpar” guide through Armenia, by the Archbishop Garegin 
Srvandzyantz) ; of the Turkish ‘‘Salname” for the Erzeroum 
Vilayet ; of notes on Syrian-Khaldeans, by a native from Hosra- 
bad; and of Mr. Charles Wilson’s lecture on Asia Minor, 
delivered before the London Geographical Society. 

THE first fascicule of the full Reports of the Polar Meteoro- 
logical Station at the mouth of the Lena has just been published. 
It is the first fascicule of the second part, and contains the 
meteorological observations made since September 1, 1882, to 
August 31, 1883, compiled by M. Eigner, and published under 
the supervision of Dr, R. Lenz; the second fascicule of the 
same volume will contain the meteorological observations in 
1883 -84 ; while the first volume is reserved to magnetical obser- 
vations, and the third will be devoted to the non-obligatory 
observations, among which the aurorz will occupy a prominent 
place. The meteorological observations now published, com- 
prise the pressure of air, the temperature, elasticity of vapours, 
relative moistness, force and duration of wind, nebulosity, snow 
and rain, as also the temperature on the surface of the soil and 
the snow, and at depths of 40, 80, and 160 cm., these last two 
missing for the months of July and August 1883, in consequence 
of an accident to a thermometer. All observations are given 
in full, that is, for every hour,*as also the monthly ayer- 
ages. The daily range of all elements is also represented by 
curves, whose scale is exactly that accepted for the publication 
of the French observations at Cape Horn; the work is accom- 
panied, moreover, by a map of the mouth of the Lena, and of 
the station itself, as also by a drawing representing the sta- 
tion amidst the tundra, on the banks of a branch of the Lena. 
A full description of the instruments and their corrections is 
given both in Russian and in German. 

THE October number of the Proceedings of the Royal Geo- 
graphical Society has for its leading paper one by Sir Francis 
de Winton, on the Congo Free State, the conditions of its 
administration by Europeans, and its probable future. In this 
latter respect Sir Francis de Wintonis naturally inclined to look 
on the favourable side. Of more strictly geographical interest is 
the letter from Mr. Grenfell recounting his latest explorations 
in the missionary steamer Peace, of the tributaries of the Congo, 
between Leopoldville and Stanley Falls, with very detailed 
maps. 

Petermann’s Mittetlungen for October contains a long paper 
by M. Nikitin, the chief geologist of the Russian Geological 
Committee on Glaciers in Russia. His object is to lay down 
the limits of the traces of glacial action in that country. Lieut. 
von Frangois’s journeys in the southern Congo basin are the 
subject of the next paper ; and, finally, there is a brief account 
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of the Cunos or Tule Indians of Darien, from the reports of a 
missionary sent to labour among them to Bishop Thiel, of Costa 
Rica, who has communicated them to Herr Polakowsky. 

THE current JA7/2tthei/ungen (Band xxix. Nos. 7 and 8) of the 
Geographical Society of Vienna contains letters from Dr. Lenz 
and Herr Baumann, from the Congo, and part of an account by 
Dr. Holub of his present journeyings in South Africa. Of 
special interest are two papers on the Hauslab cartographical 
collection. One describes the general extent and contents of 
the collection, which is in three parts: (1) books ; (2) engrav- 
ings; (3) maps. The last contains about 4500 sheets, and is 
especially rich in old specimens of cartography. Two of these 
form the subject of a second paper : they are a globe, the author 
of which is unknown, but which probably dates from soon after 
Columbus; the other is a chart of the Mediterranean dated 
1513. 

THE FIFTY-NINTH MEETING OF GERMAN 
NATURALISTS AND PHYSICIANS, BERLIN, 
SEPTEMBER 18-27 

[FRoM OUR BERLIN CORRESPONDENT] 

“THE present has in every respect been the most important of 
these annual meetings. Even in the number of visitors it far 

exceeds any similarreunion since the foundation of the Society, as 
many as 2224 members, and 1931 associates, or 4155 altogether, 
having entered their names, while no less than 1496 ladies took 
part in the general proceedings and social gatherings. It may 
here be remarked that the constitution of the German Naturalists’ 
Society differs essentially from that of the British Association, 
as it exists only so long as the meeting lasts, and consists of 
members—that is, of persons who have published treatises, other 
than dissertations for academical honours, on general scientific 
and medical subjects—and of ordinary associates. ‘Two or three 
sittings are devoted to the formal proceedings, such especially as 
the choice of the following year’s place of meeting, and of the 
two leaders, whose duty it is to summon the next assembly, and 
arrange the work on hand. The general sittings are occupied 
with matter of universal interest, and are attended in common 
by all members, associates, and ladies. The more strictly 
scientific work, however, is distributed amongst the several Sec- 
tions, thirty on this occasion, each of which is presided over by 
a freshly elected chairman, and set apart for the discussion of 
papers by specialists. After the last general sitting, at which the 
annual meeting is officially dissolved, it ceases for the time being 
to exist. Enjoyingno special source of income, and keeping no 
permanent records, it possesses in the officers appointed to 
arrange for the next gathering the only germ of a new and 
equally ephemeral existence. ‘To this temporary organisation 
corresponds the manner in which its proceedings are issued. An 
official journal, published only while the gatherings are held, 
contains the proceedings of the general sittings zz extensoe, those 
of the various Sections in shorter or more detailed reports. It 
may here be mentioned that, at the suggestion of the administra- 
tion, a Commission was on this occasion appointed for the 
purpose of reporting tc next year’s meeting any proposals for a 
modification of the statutes. Reference was made more espe- 
cially to such a change as would confer on the German Natur- 
alists’ Society a more stable existence ; in fact, an organisation 
somewhat similar to that of the British Association. 

Of the 4155 members and associates present, Berlin was 
represented by 1444, other places by 2711 (including 429 
foreigners), as under: Europe, 347; America, 54; Asia, 18; 
Africa, 6; Australia, 4. Most of the leading representatives of 
German science were present, although illness unfortunately 
prevented the attendance of Von Helmholtz, Kirchoff, and 
Wislicenus, the first and last of whom had undertaken to deal 
with some matters of general interest. 

Under the presidency of the two administrators, Prof. Rudolf 
Virchow and Prof. A. W. Hofmann, the first sitting was held 
on Saturday, September 18, when an audience filling the 
spacious Circus Renz was addressed by Herr Virchow on the 
development of the Society from modest beginnings, and its 
present importance for the mutual interdependence of the various 
branches of the natural and therapeutic sciences. He dwelt on 
the progress made since the first meeting in Berlin, in 1828, 
under the presidency of Alexander von Humboldt, which had 
been attended by Oerstedt, Berzelius, Gauss, Weber, Johannes 
Miiller, Mitscherlich, Rose, Magnus, Ehrenberg, but from 

which Goethe had absented himself. The importance of these 
illustrious savants for the development of the physico-chemical 
and biological sciences, and the continuity of their researches 
with the problems now under discussion, formed the conclusion 
of this highly instructive opening address. After receiving the 
felicitations of the representative of the Minister of Public In- 
struction, Von Gossler, of the Berlin Oberbiirgermeister, and the 
Rector of the University, and after the meeting had made choice 
of Wiesbaden for next year’s gathering under Prof. Fresenius 
and Dr. Pagenstecher, Dr. Werner Siemens discoursed on ‘‘ The 
Scientific Character of the Age.” The speaker dilated on the 
spread of the natural sciences through these periodical gatherings 
and through their introduction into the school-room, thus influenc- 
ing the ¢echnigue of the arts, which in their turn react powerfully 
on the social relations, so that, by his command of the forces of 
Nature, man is now enabled to produre the necessaries and the 
pleasures of life in grea‘cr abundance with less expenditure of 
time and labour. He is certainly not able to overcome all the 
evils inherent to the present period of transition ; but our scien- 
tific age promises to discover all the remedies calculated to 
alleviate and cure the ills from which we now suffer. 

At the second general sitting, held on September 22, Prof. 
Pohlmann, of Buffalo, conveyed the greetings of the American 
Association to the German Naturalists, together with a general 
invitation to the International Medical Congress to be held next 
year in Washington. Prof. Ferdinand Cohn, of Breslau, then 
spoke on ‘‘ Vital Questions,” dealing with the nature of life from 
the present scientific stand-point, in reference more especially to 
the simplest living beings, the lowest plants, whose vital func- 
tions he described in attractive language. He considered that 
we had already half solved the riddle of life, inasmuch as we 
had grasped its mechanism and the physical and chemical forces 
which set it in motion. But we have to face other phenomena 
and active forces, which must be clearly fathomed by the more 
fortunate efforts of future re earch, so that the full solution of 
the problem of life may perhaps be deferred to a remote period. 
The next speaker was Herr George Schweinfurth, from Cairo, 
who spoke on ‘‘Europe’s Mission and Prospects in Central 
Africa,” arguing energetically for the possibility and necessity of 
colonising that region. He described the wealth of this con- 
tinent, both in natural resources and available labour, which 
by colonisation alone could be properly utilised in order not 
only to insure a happy and worthy future for the natives of 
Africa, but also to open a wide field of fruitful activity for the 
already crowded populations of Europe. He warmly combated 
the assumptions that its tropical climate closed the door of Africa 
to most Europeans, and that acclimatisation was impossible. 
Under certain precautionary measures, and when Western culture 
has reclaimed Africa by railways, draining, disafforestation, 
tillage, and stock-breeding, just as Europe itself has been re- 
claimed by the hand of man, then the white race will find itself 
as much at home in Africa as the Negro. After the transaction 
of some formal business, Prof. His, of Leipzig, addressed the 
meeting on ‘‘The Development of the Zoological Station at 
Naples, and on the Growing Urgency of a Scientific Central Esta- 
blishment.”’ From the information gained by repeated personal 
visits, he gave a vivid description of the Neapolitan Station, and 
concluded by indicating the chief objects of such a central insti- 
tution as he considered should now be founded. Amongst these 
objects he mentioned the investigation of the anatomy of the 
brain, which could be best carried out in such a central station. 

At the third general sitting, held on September 24, Dr. Lud- 
wig Wolf, of Dresden, reported on his journey to Central 
Africa, describing his route from Leopoldville, on the Kassai, 
and its copious affluent, the Sankuru, through the domain of the 
Bakutu, the Bakuba, the Balula, and Lunda peoples. He gave 
an animated picture of his experiences on this journey, which he 
made as a member of the Wissmann Expedition. He was fel- 
lowed by Prof. Neumayer, of Hamburg, who urged the necessity 
of Antarctic exploration, dilating especially on its importance 
for geology and palzontology. From it he anticipated an 
answer to the question how, as he assumed, the South Pole had 
been a centre of dispersion for living organisms throughout the 
southern, as the North Pole is now generally supposed to have 
been for the northern hemisphere. He further dwelt upon the 
great value of terrestrial magnetic observations in high southern 
latitudes, since in the far north a whole chain of stations had 
recorded the extent of the fluctuations of the magnetic needle. 
Simultaneous observations in the north and south will alone 
enable us to arrive at definite conclusions on the nature of 
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terrestrial magnetism and its relations to the earth-currents, Polar 
lights, and solar energy. Prof. Bergmann, of Berlin, followed 
with some remarks on the relations of modern surgery to the 
treatment of internal ailments. After some formal proceedings, 
the third general sitting, and with it the fifty-ninth gathering of 
the German Naturalists and Physicians, were brought to a 
close, 

In a brief report of this nature it would be impossible to do 
more than refer in the most summary way to the work done in 
the several Sections, of which twelve were devoted to scientific 
and eighteen to medical subjects. Altogether 522 topics were 
discussed, and 155 demonstrations carried out. Most of the 
proceedings will be published in special scientific journals, and 
here it will suffice to mention more especially the remarkable syn- 
thesis of coniine, the poisonous alkaloid of hemlock, effected with 
surprising success by Prof. Ladenburg. Thanks to this achieve- 
ment, the artificial production of a vegetable alkaloid may now 
for the first time be regarded as successfully accomplished. In 
the physiological department the question of the localisation of 
the cerebral functions gave rise to an animated discussion, in 
which Profs. Hitzig, Munth, and Soltz took part. In the 
section devoted to the subject of scientific instruction, Prof. 
Haeckel pleaded strongly for a severer training in this branch 
of knowledge amongst young students. It may be mentioned in 
conclusion that, in connection with this meeting, an exhibition 
of scientific instruments, apparatus, and educational appliances 
was held in the apartments of the Academy of Arts and Sciences. 
There was a good show of instruments of precision, microscopes, 
electric, medical, and other appliances, which attracted a large 
number of visitors during the few days the exhibition lasted, 
from September 16 to 26, 

THE HARVEIAN ORATION 

R. PAVY, F.R.S., delivered the Harveian Oration at the 
Royal College of Physicians on Monday afternoon. After 

giving the directions marked out by the founder of the Oration— 
viz., to commemorate the benefactions that have fallen into the 
possession of the College and to search and study out the secrets 
of Nature by way of experiment—the orator alluded to the aug- 
mentation which the income from the endowment of the Croomian 
Lectureship has recently undergone, by which the amount ayail- 
able is raised from ro/. to 200/, per annum ; and to the sum 
(2000/.) bequeathed by the late Dr. Gavin Milroy. He next 
spoke of the course pursued by Harvey as set forth by Lord 
Bacon, in his ‘‘ Novum Organum,” or ‘‘true directions concern- 
ing the interpretation of Nature.” Instead of giving himself up, 
as others had done before him, to arguing out conclusions from 
accepted axioms, Harvey struck out, Dr. Pavy continued, into 
the hitherto untrodden path of inquiry—that of induction—and 
sought knowledge by a direct appeal to Nature through the 
medium of observation and experiment. ‘‘It were disgraceful,” 
he says, ‘‘ with this most spacious and admirable realm of Nature 
before us, did we take the reports of others upon trust, and go 
on coining crude problems out of these, and on them hanging 
knotty and captious and petty disputations. Nature is herself to 
be addressed, the paths she shows us are to be boldly trodden.” 
In the discovery of the circulation Harvey applied the principles 
of induction and argued upon them in a strictly logical way. He 
showed himself to be a good and careful observer, judged even 
by the standard set forth by John Stuart Mill on the process of 
observing. The experiments which Harvey conducted on the 
arteries and veins, to assist him in his inquiry, were founded upon 
a well-devised plan. Dr. Pavy next spoke of the new departure 
in physiology which Harvey’s discovery established, of the oppo- 
sition with which his views were received, and remarked that the 
high position in his profession he had attained did not suffice to 
secure his escape from the effect of the prejudice against innoya- 
tion entertained by the multitude. Aubrey tells us he had 
‘heard him say that after his book on the circulation of the 
blood came out he fell mightily in his practice ; twas believed by 
the vulgar that he was crack-brained, and all the physitians were 
against him.” Harvey lived, however, to see his doctrine gener- 
ally accepted. The orator next referred to one issue of research 
derived, he said, from the labours of the present day, which has 
already yielded much good and useful fruit and gives promise of 
yielding much more. ‘‘ Belonging to the realm of living Nature 
there are,” he continued, ‘small organisms, the existence of 
which we must have remained unconscious of in the absence 
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of the aid of the microscope. These bodies are known 
by the name of bacteria or bacilli, and, while some differ- 
ence of opinion has existed, it is generally thought that 
they are organisms belonging to the vegetable king- 
dom. There is nothing in their appearance to strike the 
observer that they possess any significance, and yet by recent 
research it has been found that they play a most important part 
as constituents of the living world.” The experiments of Spal- 
lanzani, Schulze, and Swann, were next described by Dr. Pavy, 
the natural conclusion to be drawn from which, he said, ‘ goes far 
towards absolutely establishing that the air contains the germs of 
living organisms, and that it is these that constitute the source of 
the microscopic organisms found to become developed in the 
presence of organic matter, which some have contended take 
rise spontaneously. This view is supported by the researches of 
the present day, and nothing that would bear the scrutiny of 
strict investigation has ever been adduced against it. It stands 
at the foundation of our modern notions regarding the vé/e played 
by bacilli, and thus occupies a position of weighty importance 
with reference to the matter. The step from the action exerted 
by bacteria as agents exciting the decomposition of organic pro- 
ducts to that which brings them before us asa source of disease is 
not a large one. In the one case they lead to change which 
would not otherwise occur, and in the other they disturb the 
order of changes naturally taking place and thus induce an ab- 
normal state; and although there is nothing in their morpho- 
logical characters to show the reason, different trains of 
phenomena—in other words, different diseases—are occasioned 
by different kinds of bacilli. . ‘Through the indefatigable 
researches of Pasteur and others the distinguishing form and life- 
history of certain of these organisms have been clearly made out. 
Placed under suitab'e conditions, it has been found that they can 
be reared or cultivated artificially, and one of the most marked 
and important characters belonging to them is the enormous 
extent of self-propagating power they possess. This accounts for 
the rapid spread that is observed to take place of an infectious 
disease, if allowed to progress without controlling measures being 
brought to bear upon it. We have to deal, then, with something 
that lives and grows by virtue of a power pertaining to itself. 
Permit this living growth—this parasite, in fact—to become dis- 
persed and to enter the system of a living person, and presuming 
it has lodged upon a soil supplying suitable conditions for its 
development, it will thrive and multiply and give rise to a series 
of phenomena which the physician has no power to arrest. Once 
the bacillus is implanted and the disease established, all that the 
physician can do is to see that the patient has fair play—that he 
is kept under the most favourable conditions for battling success- 
fully against his enemy. What is to be philosophically aimed 
at, however, is to check the spread—to bar the transmission of 
the parasite from one person to another, by attacking it outside 
the body ; and this, with the application of the proper measures 
of disinfection, can with facility be done, but naturally the 
facility of preventing extension stands in proportion to the 
degree of limitation at the time existing. The spark of fire is 
with the greatest ease extinguished, but let it kindle into flame, 
and in proportion as the flame spreads the difficulty becomes 
greater to get the conflagration under. This is one way in which 
the attack upon the bacillus may be made, and the ravages 
of disease restrained. Another way, by quite a different line 
of tactics, preseats itself; and the knowledge of this is due to 
the researches that have been recently conducted. The vulner- 
able point to which I am alluding lies not in connection with the 
bacillus itself, but with the condition of the medium upon which 
it may chance to fall. It has been found that the parasite re- 
quires virgin soil for its growth. This observation stands in 
harmony with the result of common experience as regards dispo- 
sition to contract infectious disease. It has been from remote 
times generally known that a person who has passed through one 
attack of an infectious disorder is not liable to the same extent 
as before to become affected on exposure to contagion, An 
influence has been exerted giving rise to more or less protection 
being afforded against a recurrence of the disease. Now it 
happens that by certain means the bacillus may be brought into 
such a weakened state as only to occasion, when introduced into 
the system of an animal, an effect of a mild nature, not dangerous 
to life, instead of the ordinary form of disease ; but the effect pro- 
duced, and this is the great point of practical importance, is as 
protective against a subsequent attack as the fully-developed 
disease. There are two methods by which attenuation in viru- 
lence of the disease-producing organism may be brought about— 

. 
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by conducting their artificial cultivation in a particular way, and 
by transmission through the system of an animal differing in 
nature from that in which the disease naturally occurs. When 
the chain of discoveries reached the point of showing that bacilli 
could be reared outside the body in an artificial soil or culti- 
vating medium, a great advance was made towards obtaining a 
full knowledge about them, as it placed the observer in a more 
favourable position for the successful prosecution of research by 
enabling him to vary and control his conditions in a manner that 
could not otherwise have been effected. Although much has 
been accomplished, it must be said much still remains to be done. 
In the case of a few bacilli the life-history has been pretty clearly 
made out. Cultivated in a certain way they retain their viru- 
lence, no matter through how many successions they pass. The 
last product in a series of successive cultivations is as virulent as 
the parent stock. By modifying the conditions under which the 
cultivation is carried on, the successive products of descent may 
be gradually weakened until they become harmless. Such being 
the case, any desired degree of attenuation may be obtained, and 
by inoculation with a virus brought down to the proper strength 
the non-fatal affection may be occasioned which gives immunity 
from subsequent liability to take the disease under exposure to 
contagion. The knowledge thus acquired has been already 
practically turned to account upon a large scale for checking the 
ravages of that exceedingly fatal disease among cattle known as 
anthrax, or splenic fever, and through the success attained much 
sacrifice of life has been averted. If this can be accomplished 
for one disease, and more than one can be mentioned, is there 
not ground for believing that means will be found for placing others 
of the class in the same position? Attempts are being made in 
this direction. All eyes throughout the civilised world are, 
indeed, at the present moment fixed upon the work of Pasteur 
in Paris with reference to hydrophobia. It would be a great 
achievement for this frightful disease to be brought under sub- 
jection, and certainly the results that have been obtained appear 
to give hopes that an approach to something of this kind has 
been arrived at. Looking at the nature of the disease, there is 
nothing inconsistent with its being dependent upon a bacillus, or 
microbe, as Pasteur calls it. On the contrary, owing its origin 
as it does, when occurring naturally, to inoculation with the 
poisoned secretion of an affected animal, and taking into view 
the facts that have been learnt in connection with its transmission 
by artificial inoculation, evidence points to such in reality being 
the case. If due to a bacillus, why may not this bacillus be 
open to attenuation in the same manner as that of anthrax? If 
thus open to attenuation, why not susceptible of producing a 
non-fatal form of affection? And if this condition has been 
produced and passed through, why should not protection be 
thereby given against the subsequent development of the disease 
as a result of the primary inoculation from the bite of the rabid 
animal? Such a train of reasoning is quite legitimate, and for 
the application of the principle of action to which it leads, there 
is this advantage on the side of hydrophobia, that from the pro- 
longed period usually taken for incubation after the introduction 
of the poison in the ordinary way, time is given for the artificial 
inoculations by subcutaneous injection to produce their effect 
and to render the system refractory to the further development 
of disease. I have been an eye-witness of Pasteur’s work. It 
is from the nerve centre, the seat from which the symptoms of 
the disease start, that he obtains his virus, Employed for in- 
oculation in a fresh state it produces a fatal disease, and the 
disease has been transmitted successively on through a number 
of animals, with the result that the last affected animal yields as 
strong a virus as the first. Kept in a pure, dry air, attenuation 
advances, and after a certain time the nerve centre loses its 
disease-producing power. Used for inoculation at a given period 
of preservation it produces an effect which renders an animal 
resistant to the influence of inoculation with the virus in a fresh 
state, and Pasteur contends that it acts similarly when the virus 
has been introduced in the ordinary way. ‘The treatment of 
persons bitten by rabid animals by inoculation with attenuated 
virus has now been on its trial a considerable time, and a large 
experience gained. Judgment, it must be stated, still stands in 
suspense ; but it must also be said that the results obtained tell 
decidedly in favour of the view advanced. The other method 
by which it has been recently experimentally found that the 
virulence of bacilli can be weakened is by transmission through 
an animal of a different nature from that in which the disease 
naturally occurs. This, in reality, represents the principle at the 
foundation of the system of vaccination, discovered by Jenner at 

the close of the last century. It may now be regarded as an 
accepted conclusion that vaccine-lymph is the virus of small-pox 
modified by transmission through the cow. Jenner's discovery 
consisted in showing that the result of vaccination with the 
lymph of cow-pox affords as much protection against small-pox as 
an attack of small-pox itself. This was the fact he educed, but 
the knowledge possessed in his time did not permit of its being 
looked at in any further way than as a simple fact or truth of 
Nature. Viewed, however, with the light that has been thrown 
upon it by the researches of the present day, we see not only the 
fact, but also its explanation : we see that the principle of action 
of the procedure proposed by Jenner, which has conferred such 
incalculable benefit upon mankind, is based upon the attenuating 
effect upon the small-pox virus of the human species by trans- 
mission through another animal ; and knowing this, the prospect 
is presented of its being rendered susceptible of application for 
the control of other diseases. Whether this should prove so or 
not, at all events advantage is gained by the knowledge acquired. 
Need I say anything more to exhort you, in accordance with the 
duty that has devolved upon me? Surely the acquirement of 
knowledge, giving us as it does greater power in the exercise of 
our calling, and thereby promoting the high and noble object of 
rendering our lives more useful to our fellow-creatures—surely 
this is a sufficient incentive, following the words of Harvey, 
‘to search and study out the secrets of Nature by way of 
experiment,’ ”” 

NOTE ON THE ASTRONOMICAL THEORY OF 
THE GREAT [CE AGE* 

THE following calculation has convinced me that Mr. Croll’s 
theory affords an adequate explanation of the Ice age. I 

compute the total quantity of heat received by each hemisphere 
of the earth during summer and winter respectively as follows :— 

Let 2//a® be the quantity of sun-heat falling perpendicularly 
on an area equal to the section of the earth at the mean distance 
a@ from the sun in the unit of time. 

Let 5 be the sun’s north declination, 
by the northern hemisphere will be 

Then the share received 

Tal ; 
—(I + sin 4), 
ee 

and by the southern 

Let é 
—(1 — sin 4). 
a~ 

At the distance 7, and in the time @, the heat received in the 
northern hemisphere will be 

ye4 : 
(1 + sin 6). a; 
aa) 

but we have 
7°d0 = hat, 

whence the expression becomes 

ree : 
—(1 +sind). a6; 
h 

but we have . 
sin 6 = sin @. sin e, 

where « is the obliquity. 3 
The total heat received by the northern hemisphere from the 

yernal to the autumnal equinox is 

mG Sn, ee : 
/ —(I + sin esin @) . d@0 = —(m + 2 sin e). 
ok h 

We have thus the following theorem :— 
Let 2Z be the total sun-heat received in a year over the whole 

earth ; then this is divided into shares as follows :— 

: m+ 2sine 
Northern hemisphere, summer, car a 

T 

i mw — 2sine 
of winter, £ = 5 

20 

with identical expressions for the summer and winter in the 
southern hemisphere. 

I Paper read at the Royal Irish Academy on May 24, 1886, by Sir Robert 
Stawell Ball, LL.D., F.R.S. Communicated by the Author. 
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If we make e = 23° 27’ we find that the heat received during 
the summer (equinox to equinox) of each hemisphere is 627 £, 
while the heat during the winter of each hemisphere is 373 £. 
More briefly still. If each hemisphere receives in the year a 
quantity of sun-heat represented by 365 units, then 229 of these 
are during summer, and 136 during winter. These figures are 
independent of the eccentricity of the earth’s orbit. 

The length of the summer is defined to be the interval when 
the sun’s centre is above the equator. The length will of course 
vary with the eccentricity and with the position of the equinoxes 
on the orbit. We need only take the extreme case where the 
line of equinoxes is perpendicular to the major axis of the orbit. 
The maximum difference between the length of summer and of 
winter is thus 

365 days x eccentricity. 
I take the maximum eccentricity of the earth’s orbit to be 

0°0745, 
this being the mean of the values by Leverrier, Lagrange, and 
Stockwell (see Croll, ‘‘ Climate and Temp.,” p. 531), and, 
therefore, the greatest difference between summer and winter 
will be about 33 days, z.e. one season is 199 days, and the other 
is 166 days. 

The total quantity of heat received during the year on each 
hemisphere is practically independent of the eccentricity ; but 
the mode in which that heat is received at the different seasons 
will vary, and thus give rise to the following extreme cases :— 

GLACIAL 
(Summer) 229 heat units spread over 166 days. 
(Winter) 136 » » 199 5, 

INTERGLACIAL 
(Summer) 229 heat units spread over 199 days. 
(Winter) 136 166 ,, 

We hence deduce the following, where unity represents the 
mean daily heat for the whole year on one hemisphere :— 

” ” 

GLACIAL 
Mean daily sun-heat in summer (short) ... 1°38 

9 3 winter (long) vee BOS 

INTERGLACIAL 
Mean daily sun-heat in summer (long) 1°16 

50 0 winter (short) “SI 
PRESENT (NORTHERN HEMISPHERE) 

Mean daily sun-heat in summer (186 days) 1°24 
op 8 winter (179 days)... 0775 

These figures exhibit a thermal force of great intensity. The unit represents all the mean daily heat received from the sun by which the earth is warmed up from the temperature of space. The heat unit in fact maintains a temperature perhaps 300°, or 
even more, above what the earth would have without that heat. Each tenth of a unit may thus roughly be said to correspond to a rise or fall of mean temperature of 30° or more. The long 
winter of 199 days, when the average heat is only two-thirds of 
a unit, leads to the accumulation of ice and snow, which form the Glacial epoch. The short winter of 166 days, where the temperature is ‘06 of a unit above that of our present winter, 
presents the condition necessary for the mild interglacial epoch. 

THE BRITISH ASSOCIATION 

SECTION H—AnTHROPOLOGY 

The Native Tribes of the Egyptian Siidan, by Sir Charles Wilson, K.C.B.—These may be divided into four distinct groups—the Hamitic, Semitic, Nuba, and Negro ; but the first three only were dealt with in this paper. The largest tribe in the Sudan is the Kabbabish. They extend from Dongola to the confines of Darfiir; they speak a pure Koranic Arabic, and have a tradition that they came from Tunis ; they are possibly of Berber descent, but the Sheikhs are apparently of Arab origin. They are divided into two great branches and several minor clans, One clan, Kawahleh, appears to be of Arab origin. 
Lhe Celtic and Germanic Designs on Runic Crosses, by Prof. W. Boyd Dawkins.—The author said that although it is gene- rally assumed by archeologists that the early Irish manuscripts, such as the illuminated Gospels of St. Cuthbert and St. Chad, 

are of pure Irish art, and that consequently the interlacing 
“‘rope-” or ‘‘basket-work”, pattern is distinctly Trish and 
Celtic, such an assumption is not warranted by experience. A 
consideration of the distribution of the designs on ornaments and 
monuments in the British Isles and in France, Scandinavia, and 
Germany, lead to the conclusion that the art was probably 
derived from the centres of civilisation in South Europe, princi- 
pally Greek and Etruscan, and it has clearly been proved by 
Chantre to have been introduced into France from Italy. The 
square interlacing pattern does not occur in France or the 
British Isles in association with any remains of a date anterior to 
the movement of the Germanic tribes against the Roman Em- 
pire, and as it is only found in regions into which the German 
tribes penetrated, it may be concluded that it is distinctly Ger- 
manic, and not Celtic, still less ‘‘ pure Irish.” 

The Scientific Prevention of Consumption, by G. W. 
Hambleton.—There are two distinct objects to be accom- 
plished in the prevention of consumption. On the one hand we 
have to secure an adequate amount of breathing capacity in 
proportion to the rest of the body, and on the other to prevent 
either compression of the chest or injury to the lungs. This can 
be done by adopting those measures that tend to the develop- 
ment of the breathing capacity, and suppressing or obviating those 
conditions that compress or injure the lungs. By adopting 
measures is meant placing men, women, and children under 
conditions of habitation, clothing, education, and urging upon 
them habits that tend individually and collectively to develop 
the lungs. 

Dragon Sacrifices at the Vernal Equinox, by George St. 
Clair, F.G.S.—The object of this paper was to show that human 
sacrifice, which prevailed extensively in early times, was a 
custom connected especially with the vernal equinox, and that 
the offerings were made to appease a mythical dragon which 
made its demand at that time. The dragon of mythology was 
identified and defined, and it was shown in what sense he opened 
his jaws at the spring season of the year. Human sacrifice was 
practised more especially at the spring of the year, or (in other 
instances) in honour of deities who once presided over equinox 
constellations, Artemis and Cronus, to whom. this homage 
was chiefly shown, were both connected with the zodiacal sign 
Scorpio, and, according to M. Ernest de Bunsen, Scorpio was 
the starting-point of the primitive calendar. If the festival of 
Saturn did not get displaced or misplaced through the precession 
movement, it was still a festival in honour of the god of the 
under-world, and that meant death and the grave. Tradition 
says that human sacrifices were abolished by Hercules. As 
Scorpio rises with Hercules, and ceases to be a dark sign, the 
mythology is consistent with itself, 

Evidence of Pre-Glacial Man in North Wales, by Dr. Henry 
Hicks, F.R.S.— The author in this paper described the 
conditions under which a number of flint instruments were 
discovered during the researches carried on by Mr. E. B. Lux- 
more and himself in the Ffynnon Beuno and Cae Gwyn Caves, 
in the Vale of Clwydd, in the years 1884-86. Last year a 
grant was made by the British Association for the purpose of 
carrying on the explorations, chiefly with the object of obtaining 
further evidence as to the age of the deposits in the caverns, 
The results obtained this year are highly confirmatory of the 
views which he (Dr. Hicks) had previously held, and have a 
very important bearing on the antiquity of man in Britain. It 
was found that the main entrance to the Cae Gwyn Cave had 
been blocked up by a considerable thickness of Glacial beds, 
which must have been deposited subsequently to the occupation 
of the cave by the Pleistocene mammals. A shaft was dug 
through these beds in front of the entrance to a depth of over 
20 feet, and in the bone-earth, which extended outwards under 
the Glacial beds on the south side of the entrance, a small well- 
worked flint flake was discovered. Its position being ahout 18 
inches beneath the lowest bed of sand, it seemed to be clear 
that the contents of the cavern must have been washed out by 
marine action during the great submergence in mid-Glacial times, 
and then covered by marine sand and an upper covering of boul- 
der-clay. He believed that the flint implements, lance-heads, and 
scrapers found in the caverns were also of the same age as this 
flint flake, and hence that they must have been the work of 
pre-Glacial man. 

The Recent Exploration of Gop Cairn and Cave, by Prof. 
Boyd Dawkins.—This was a paper on the exploration of Gop 
Cairn and Cave, near Gop Hall, New Market, St. Asaph, 
now being carried on by Mr. Pochin, Mr. P. G. Pochin, 
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and the author. The cairn commonly known as ‘‘ Queen 
Boadicea’s ‘Tomb’? was composed of blocks of limestone, 
about 40 feet high, 300 feet long, and 200 feet broad. A shaft 
was sunk near the centre of the cairn, but the only remains 
discovered were a few refuse heap bones of hog, sheep or goat, 
ox or horse, too fragmentary to be accurately determined. They 
were, however, of the character found almost universally in 
Britain in the burial-places of the Neolithic and Bronze Ages. 
The cairn itself was similar in character to one near Mold, in 
the same district, in which a skeleton was discovered in 1832 
lying at full length, clad in a golden corselet, and adorned with 
300 amber beads. An urn full of ashes and other remains was 
also met with. While the cairn was being attacked, a cave was 
discovered 141 feet to the south-west, and there were found 
bones and teeth of various animals which belonged to the 
Pleistocene age, and similar to those discovered in the caves 
of the Vale of Clwydd. Above these was found a deposit con- 
taining fragments of charcoal and large quantities of broken 
bones of wild and domestic animals. Slabs of limestone burned 
on their upper surface were also found, and pointed out the 
position of the fireplace. The date of this upper deposit was 
fixed by several fragments of pottery, which was in its character- 
istics similar to that of the Bronze Age. Besides these, a large 
number of human bones were found, increasing in number as 
the explorers dug their way to a square sepulchral chamber, 4 feet 
10 inches by 3 feet 10 inches. This chamber was packed with 
human skulls and bones of all ages in the greatest confusion, 
and evidently interred from time to time. Among the bones 
were found two jet ornaments, a beautifully polished flint flake, 
with edges carefully bevelled, and some fragments of rude pot- 
tery of the kind commonly found in sepulchral urns of the 
Bronze Age. The chamber and the deposits showed that caves 
had probably been used for habitation and sepulture in North 
Wales in the Bronze Age, as they had already proved to have 
been used in the Neolithic Age. The human remains threw 
great light on the ethnology of the district in the Bronze Age, 
and proved that in the Neolithic Age the population of that part 
of Wales was of the oval-headed Iberic type, so widely spread 
throughout Europe. All the skulls were of this type save one, 
which possessed all the characteristics usually found in a round- 
headed Celt of the Bronze Age, and the presence of this skull in 
a sepulchre of the Iberic people appears to mark the beginning 
of the fusion of the two races, which has been going on ever 
since, and by which the Iberic type is at the present time 
being slowly obliterated. 

On Bowls Barrow, near Heytesbury, in South Wilts, by W. 
Cunnington.—These researches, the writer stated, had been 
made at the east end of the barrow, where the original cist had 
been found empty, but with a skull near it. Several other 
skulls were also found in a more or less broken condition. 
Covering the floor of the barrow near where the skeletons were 
found was a black unctuous earth, which had been found to 
contain a large quantity of ammoniacal salts. Separated from 
the cist at’ the east end of the barrow several horns of oxen had 
been found, in addition to those that were found there 
some years ago. The skulls and other human remains which 
had been found were clearly primary burials, and were covered 
by large blocks of Sarsen stone, some of which weighed from 
200 Ib. to 300 Ib. 

The Crania and other Bones found in Bowls’ Barrow, by 
Dr. J. G. Garson.—The author said that the skulls are of large 
size, and long and narrow in form. In general outline they 
present two distinct forms, namely, the elongated oval, and 
what is called the coffin-shaped. They all conform in every 
respect to the long barrow type, and are all those of adult 
males. 

Papuans and Polynesians, by the Rev. George Brown. —The 
object of this paper was to show that the two races had a com- 
mon origin. Mr. Brown said he had worked for many years 
among the purest types of Polynesians and of Papuans, and in 
reducing the languages to writing he became convinced that, 
from the point of view of language and from their manners and 
customs, some of the difficulties in assigning to the two races a 
common origin were not so insuperable as they appeared. He 
considered that the basis of the Polynesian race was Papuan 
with an Asiatic admixture. The idea that cannibalism existed 
because of the love of animal food and the inability to gratify 
this appetite in any other way was all nonsense : in ninety-nine 
cases out of a hundred it was only practised as a means of re- 
venge. The author gave a description of the etiquette and 
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general manners and customs of the two peoples, and, summing 
up his argument, said the points of similarity were so much more 
numerous and marked than the points of difference that as they 
inquired further they would find no insuperable difficulty in 
giving them one common origin. 

What is an Aryan? by Sir George Campbell, K.C.S.I.— 
The great difficulty which we had in distinguishing the Aryan 
was that the Aryan race was seldom pure. Almost all the 
Aryans we met with were a very mixed race, but by their fea- 
tures and colour they were easily distinguished from the 
Turanian and Negro races. The difficulty in distinguishing be- 
tween the Aryans and the Semites lay in their features, and if the 
rather high features, which we called Jewish, were the real types 
of the Semites, what were the types of the Aryans? There 
were two distinct branches of Aryans with which he had long 
been in contact—the dark branch found in India and Asia, and 
the fair branch, which included the whole of Enrope and Asia 
Minor. Then in part of Western Asia, in the Hindu Kush, 
there was a whitey-brown variety of the race, which might be 
classed as the intermediates, and this he believed to have been 
the original habitat of the Aryan race. The question, of course, 
was what was the original Aryan—white, brown, or whitey- 
brown? and he was inclined to think that he was a whitey- 
brown, and that his primeval seats were in the higher recesses of 
the Hindu Kush, and that the branch which went into India had 
become darker by admixture with the aborigines, while those 
who went into Europe had become fairer or been completely 
blanched into whiteness by similar admixture with the fair races. 
As to features, he had come to the conclusion that the high 
prominent features which we were accustomed to speak of as 
distinctive of the Semite races were the real original features of 
the Aryan, and that the Jews had acquired them only by ad- 
mixture with the Aryan races. The true type of Semite he 
believed was to be found in the Southern Arab. 

On the Influence of the Canadian Climate on Europeans, by 
Prof. W. H. Hingston, M.D.—After describing the physical, 
geographical, and climatic characteristics of the country, the 
author proceeded to say that the heat of the summer in Canada 
was more easily endured than the moist humid summer weather 
often experienced in Europe. The skin was called into greater 
activity, and the heat of the summer weather acted very strongly 
on the liver, but if European residents adopted the indigenous 
customs ofthe country, lived moderately and temperately,and led 
active lives,their livers would give them no trouble. The cold 
weather in winter stimulated people to activity. The mortality in 
early life was large, because in no country in the world were there 
so many children, but the mortality in adult life was not large. 
With the exception of Malta, the Canadian stations used to be 
considered the healthiest posts of the British army, and there 
were really no diseases peculiar to the country, while many 
which prevailed in England and in Europe had no existence 
there. 

The Life-History of a Savage, by the Rev. George Brown.— 
The author gave an account of the life-history of a native of 
New Britain, an island in the Polynesian group, about forty 
miles north-east of New Guinea. He commenced with the 
birth of the example child, and said that when a child was born 
to the Papuan people who occupied this land, a warm banana- 
leaf was wrapped round his body, and he was fed with the ex- 
pressed juice of the cocoa-nut, and left ever afterwards to be 
‘dressed in pure sunshine.” He described the children’s games 
of the people, and the initiation of the boy as he grew up into 
certain secret rites, and the ceremonies at the various feasts, 
especially on his marriage, and the feast when he was taught to 
curse his enemies. On the occasion of his marriage there was 
an interchange of goods and a distinct payment for the wife. 
Presents were also given by the women to the bride and by the 
men to the husband, and after a broom had been given to the 
former, and a spear to the latter, a stick was given to the man. 
The spear meant that the husband was to protect his wife, and 
the broom that with it the wife was to do her household work, 
and the stick was a symbol of his authority, or, in plain English, 
“Here’s the stick with which to whack her if she does not.” At 
the time of death the cries of the friends of the deceased were 
very piteous and touching. The dead person was cried to to 
come back, was expostulated with for having left his friends, 
was entreated to say how his friends had offended him, and so 
on, the mourners seeming to be speaking in the very presence 
of the spirit of the dead person, Many of the things which we 
should call good they also called good, but they had a definite 
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idea of a future state and also of punishment for one offender, 
the niggardly man. When an old man came near death he 
was placed upon a litter, and carried round to see the old 
scenes amid which he had passed his life—his canoe, the sea, 
and all the old familiar subjects, and then he was taken back 
to wait his time. After death he was placed in a sitting 
posture and taken into the public square, with his weapons by 
his side, and before him the people placed offerings of their 
valuable goods and money. 

Notes on Photographs of Mummies of Ancient Egyptian Kin2s 
recently Unrolled, by Sir William Dawson, F.R.S.—The photo- 
graphs representing the mummies of Seti L, Rameses II., and 
Rameses III. were communicated by Dr. Schweinfurth, of 
Cairo. They are of great interest as enabling us to see the actual 
features of these ancient Egyptian kings, and to compare them 
with their representations on the monuments and with modern 
Egypians. It appears that the features of Seti are scarcely of 
Egyptian type, as represented either by the monuments of the 
older dynasties or by the present Egyptians; though, as Dr. 
Schweinfurth shows in a drawing accompanying the photo- 
graphs, a similar style of countenance still exists among the 
Copts. It also appears that the features of Rameses II. strongly 
resemble those of his father, and are very like those of some of 
his statues. Both Seti and Rameses have narrow and somewhat 
retreating foreheads, and strongly developed jaws, indicating 
men of action rather than of thought ; and both were men of 
great stature and bodily vigour, and seem to have lived to 
advanced ages. 

Prehistoric Man in Manitoba, by Mr. C. N. Bell, F.R.G.S. 
(Winnipeg, Canada).—The author announced the existence in 
the Canadian North-West of sepulchral mounds, and pointed 
out the hitherto unknown fact that there is a continuous line of 
mounds from the mound-centres of the Mississippi River, down 
the Red River, to Lake Winnipeg. Human remains, much 
decayed, were found in the mounds, all buried by being placed 
on the surface under heaps of earth in which patches of charcoal 
and ashes frequently occurred, though no remains of funeral 
feasts, as bones, &c., were met with. Indians, when first met 
with, buried weapons with their warriors, but none were found 
in these mounds, though implements and ornaments of shell, 
bone, and stone were common, as well as pottery, which latter 
was unknown to the Indians of North-West Canada on the 
arrival of white emigrants. One mound had a floor of burnt 
clay and boulders, similar to the sacrificial mounds and altars of 
Ohio. Ornaments were found made of sea-shells, which must 
have been carried 1200 miles from their native waters. These 
mounds, from Lake Winnipeg to the Gulf of Mexico, were of 
the same character, and very likely were made by one race, 
though the whites found great diversity of mortuary customs 
prevailing among the Indian tribes inhabiting that great tract of 
country. 

Notes on a Tau Cross on the Badge of a Medicine-Man of 
the Queen Charlotte Isles, by R. G. Haliburton.—Mr. Hali- 
burton said this badge was noteworthy, as Queen Charlotte 
Isles form one of the most isolated groups of the Northern 
Pacific. They lie off the west coast of British Columbia. This 
symbol was used by the Indians on large sheets of copper, to 
which they assigned a high value, and each of which they 
called a Zau. The connection of that name with the symbol 
is warld-wide. Our f is simply the tau symbol, and is called 
tee or tau. The medicine-men represent the tau sometimes on 
the forehead. ‘The ancients used to mark the captives who 
were to be saved with a tau or cross; Ezekiel refers to this, 
and the word he uses for ‘‘the sign” to be marked on the 
foreheads of them that are to be saved really is the ‘‘tau” or 
‘*cross.”” No one has divined why the scarad was so sacred. 
Ife was led to a solution by seeing an exaggerated ¢aw cross 
on the back of a scarab. On looking into the Egyptian name 
for the scarab he found it to be ove, and that the sutures on the 
beetle form a tau cross. But the same name is applied to the 
same beetle by our peasantry—tor-beetle or dor-beetle. Wilkin- 
son represents a god with a scarab for a head, one of the names 
of which was Zore. The use of the prehistoric or pre-Christian 
cross is world-wide. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

OxrorD.—This term begins under a new official régime. 
Prof. Jowett, Master of Balliol, retires from the Vice-Chancellor- 

Benzoic Compounds, 
Chemistry, and Dr. Watts a course of Organic Chemistry. 
Practical instruction is given by the above, and by Messrs. 
Baker and Marsh. 

lectures on Inorganic Chemistry for the Preliminary Examina- 
tion. 
and Balliol Laboratories. 

Hexapod Arthropoda. 
tive Anatomy. 
course on the same subject. 
Comparative Embryology. 
the Osteology, Odontography, ‘and Distribution of Mammals. 
Practical instruction is given by Prof. Moseley, Mr. Spencer, 
and Mr. Robertson. 

Respiration, and Bodily Motion. 
logy; and Mr. Hatchett Jackson on Elementary Physiology. 
Practical classes are conducted by Messrs. Dixey and Gotch. 

and Peripheral Neryous System, and Digestive System. 
also gives demonstrations on Topographical Anatomy, and has 
a daily class for Dissection. 

den on Vegetable Morphology and Physiology. 

on Minerals occurring in Lodes. 4 

Clarendon Laboratory, has been elected a Fellow of Merton 
College. 

a Fellow of Balliol College. 

cludes his notes on British Rubi, and Messrs. Roy and Bisset 
contribute the second and concluding part of their notes on 
Japanese Desmids (illustrated)—The number for September 

ship, and Dr. Bellamy, the President of St. John’s College, 
succeeds to his place. 
office have seen several important reforms in which he bore a 
prominent part. 

in Honour Classical Moderations, the disestablishment of the 
Examination in the Rudiments of Faith and Religion, the esta- 
blishment of a University course for medical students, and the 
abolition of Pass Classical Moderations in favour of Preliminary 
Examinations for students of law, natural seience, and mathe- 
matics. 
the necessary steps to complete the legislation are already 
taken, and the Statute will doubtless pass Convocation during — 
the present term, 

The Master of Balliol’s four years of 

Among them we may mention the alteration 

The last reform, indeed, has not yet become law ; but 

Scholarships in Natural Science are announced this term for : 
competition at Balliol, Trinity, and Christ Church. 

The following scheme of lectures in Natural Science is 
announced for the present term :— 

Physics. —Prof. Clifton lectures on General Electricity, and 
Mr. Selby on Electrostatics treated Mathematically. Practical — 
instruction in Physics is given in the Clarendon Laboratory by 
Prof. Clifton and Messrs. Walker and selby. 

At Christ Church, Mr. Baynes lectures on Fourier’s Theorem, 
At Balliol, Mr. Dixon lectures on Elementary Light and Heat. 

Chemistry.—Prof. Odling lectures at the Museum on the 
Mr. Fisher gives a course of Inorganic 

At Christ Church, Mr. Vernon Harcourt gives a course of 

Practical instruction is also given at the Christ Church ~ 

Animal Morphology. — Prof. Westwood lectures on the 
Prof. Moseley lectures on Compara- — 

Mr. Baldwin Spencer gives an elementary 
Mr. Hatchett Jackson lectures on 

Mr. Barclay Thompson lectures on 

Physiolozy.—Prof. Burdon-Sanderson lectures on Circulation, — 
Mr. Dixey lectures on Histo- 

Human Anatomy.—Mr. A. Thomson lectures on the Central 
He 

1h qe. Medicine.—Dr. Darbishire gives demonstrations at the Rad- 
cliffe Infrmary, in Physical Diagnosis and Regional Anatomy, 
and Mr. Winkfield gives demonstrations in Surgical Diagnosis. 

Botany.—Prof. Bayley Balfour lectures at the Botanic Gar- 

Mineralogy.—Prof. Story-Maskelyne lectures at the Museum 

Geology.—Prof. Prestwich lectures at the Museum on the ~ 
Principles of Geology. 
Anthropology.—Dr. Tylor lectures on the Development of — 

Culture, Sign Reading, &c. 

Mr. A. L. Selby, B.A., Demonstrator of Physics in the 

Mr. H. B. Dixon, M.A., of Trinity College, has been elected 

SCIENTIFIC SERIALS 

In the ¥ournal of Betany for August Mr. J. G. Baker con- 

commences with an interesting and important paper by Mr. G, 
Massee, on the structure and functions of the subterranean 
parts of Zathrea squamaria, L. (also illustrated). He regards 
the plant as of saprophytic rather than parasitic habit, the 
disks or haustoria on which its parasitism depends being fre- 
quently entirely absent from old plants. In some instances, 
but’ not all, the roots are covered with the mycelium of a 
fungus similar to that described by Kamienski in the case of 

ee ee ee 
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Monotropa.—The instalment of Mr. J. G. Baker’s synopsis of 
the Rhizocarpeze is occupied by a monograph of the forty 
species of AZarsi/ea.—The remaining articles in these and those 
in the October number are of less general interest, or are 
reprints or reports. 

Rivista Scientifico-Industriale, September 15.—Experiments 
on the electric conductivity of vapours and gases, by Prof. 
Giovanni Luvini. The important experiments here described 
have been carried out for the purpose of exposing the commonly 
accepted fallacy that moist air and gases in general are good 
conductors. Having already argued against this view in his 
recent memoir on the origin of atmospheric electricity, the author 
now clearly shows by a series of carefully conducted experiments 
that such bodies as moist air, aqueous vapour, and other gases are 
under ordinary pressure absolute non-conductors. Under pres- 
sures varying from 16° to 100° C. none of the vapours tested by 
him betrayed the least conductivity, all acting as excellent insu- 
lators. He promises to resume the subject in his work on the 
Polar auroras, to which the present essay and the memoir on the 
origin of atmospheric electricity serve as introduction. The 
conclusions so far arrived at, combined with Faraday’s memor- 
able experiments on the causes of the electricity in Armstrong’s 
hydro-electric machine, tend to show that gases and vapours are 
not even electrified by friction with themselves or with solid or 
fluid bodies. Henceforth physicists must reject, as erroneous, 
all such theories respecting the electricity of machines, of the 
air, or the clouds, as rest on the assumed conductivity of 
moist air or on the property of gases to be electrified by friction. 
It is pointed out that, were the saturated atmosphere and clouds 
really good conductors, such a phenomenon as lightning would 
be simply impossible, or at all events extremely rare.—Separa- 
tion of nickel from cobalt, by Pietro Gucci. For the new method 
here proposed and described it is claimed that it is both easier 
and much more expeditious than that of Fischer and Stromeyer, 
also that it determines the presence of the smallest particle of 
nickel in any quantity of cobalt.—New hygrometric formula and 
tables, by Prof. Paolo Cantoni. 

SOCIETIES AND ACADEMIES 

LONDON 

Entomological Society, October 6.—Robert McLachlan, 
F.R.S., President, in ‘the chair.—Mr. W. Bartlett Calvert, of 
Santiago, Chili, was elected a Fellow.—Mr. McLachlan exhi- 
bited a number of seeds of a Mexican species of Huphorbiacee, 
popularly known as ‘‘ jumping seeds,” recently received by him 
from the Royal Horticultural Society. He stated that these 
seeds were known to be infested with the larvae of a species of 
Tortricide, allied to the apple Zortrix. They were first noticed 
by Prof. Westwood at a meeting of the Society held on June 7, 
1858, and the moths bred therefrom were described by him 
as Carpocapsa saltitans, These seeds have since, from time to 
time, been referred to both in the United Kingdom and 
America.—Mr. Roland Trimen exhibited and read notes on 
some singular seed-like objects found in the nests of Termites, 
and also in those of true ants, in South Africa. They were 
apparently of the same species as those from the West Indies, 
described in 1833 by the Rev. L. Guilding as Margarodes 
formicarius, which was usually referred to the Cocctde. They 
were of various shades from yellowish pearly to golden and 
copper colour, and were strung together by the natives like 
beads, and used by them as necklaces.—Mr. W. F. Kirby exhi- 
bited, on behalf of Mr. John Thorpe, of Middleton, a long series 
of buff and melanic varieties of Amphidasts betularia, and read 
notes on them communicated by Mr. Thorpe.—Mr. Kirby also 
exhibited, on behalf of Mr. Nunney, a dark variety of Avgynnis 
aglaia from Caithness, and a tawny-coloured variety of Vanessa 
urtice from Bournemouth.—M. Alfred Wailly exhibited a fine 
series of Saturnias and other Bombyces, mostly bred by him, 
from South Africa; also specimens of Dirphia tarquinia, 
Attacus orizaba, Platysamia cecropia, P. ceanothi, Callosamia 
angulifera, and C. promethea, from Central America. M. 
Wailly stated that several of the large South African Saturnide 
formed no cocoons, the larve entering the earth to undergo the 
change to the pupal state. Mr. Trimen said he was able to confirm 
this statement.—The Rey. W. W. Fowler exhibited a number of 
minute Aca7z which had been doing injury to fruit trees near Lin- 
coli.—Mr. Poulton gave an account of the experiments recently 
made by him with the larvz of several species of the genus Vanessa, 

for the purpose of ascertaining the relations of pupal colour to 
that of the surface on which the larval skin was thrown off, 
which had formed the subject of a paper lately read by him 
before the British Association. He also exhibited the frame 
constructed by him for the purpose of these experiments.—Mr. 
Slater exhibited a specimen of Prtonus coriavius found in Devon- 
shire on fennel, and a specimen of Calandra palmarum from 
Pembroke Dock.—Mr. Enock exhibited AZymar pulchellus, and 
a specimen of Atypus prceus recently taken on Hampstead 
Heath.—Mr. Elisha exhibited a series of Gelechia hippophaélla, 
bred from larvze collected at Deal on Aippophaé rhamnoides,— 
—Mr. Billups exhibited Zchthrus lancifer, a species of Jchneu- 
monide new to Britain, taken at Walmer on August 15 last. 
He remarked that Brischke had bred members of this genus from 
Sesia stheciformis, S. formiceformis, and Leucania obsoleta ; but 
that in this country the genus was little known, only one species 
being mentioned in Marshall’s list of /chnewmonide.—Mr. E. A. 
Butler exhibited living specimens of Chz/acis typhe, received 
from the Rev. E. N. Bloomfield, of Guestling, Hastings ; anda 
pair of Harpalus adiscoideus, obtained in August last, near 
Chilworth, Surrey. —Mr. A. J. Rose exhibited specimens of a 
mountain form of Zycena virgaurea, recently collected by him 
in Norway.—Mr. Champion exhibited Zeratocorvis antennatus 
and Drymus pilicornis, taken near Sheerness.—Mr. W. White 
exhibited a specimen of Chelonia caja with abnormal antenne, 
and read notes on the subject.—Mr. Elisha read a paper on 
the life-history of Geometra smaragdavia.—Mr. C. O. Water- 
house communicated a paper on the tea-bugs of India and 
Java. 

SYDNEY 

Linnean Society of New South Wales, Aug. 25.—Prof. 
W. J. Stephens, M.A., F.G.S., President, in the chair.—The fol- 
lowing papers were read :—Note on Lu-alyptus leucoxylon (F. v. 
M.), by W. Woolls, Ph.D., F.L.S. In the ‘Flora Austra- 
liensis,” vol. iii., two Eucalypts previously regarded as distinct 
species (Z. Jeucoxylon, F. v. M., and £. sideroxylon, A. Cunn.) 
were united under the former name. Dr. Woolls has long 
thought that this step was a mistake, and in his paper he gives 
reasons based upon the examination of specimens of both forms, 
in favour of their specific distinctness, and of the restoration of 
Cunningham’s name to the red-flowering iron-bark of New 
South Wales, the other name being restricted to the white gum 
of Victoria and South Australia.—Contributions towards a 
knowledge of the Coleoptera of Australia, No. III., by A. 
Sidney Olliff, F.E.S. This paper contains notices of several 
new species of Mascio—a genus of Buprestida—of which two 
are named Z. munda and NV. mu’tesima. Additional localities 
for some previously known species are also given, WV. carissima 
being recorded from Sydney.—List of the Orchidex of the 
Mudgee District, by Alex. G. Hamilton. In this paper, which 
is a contribution towards a knowledge of the geographical dis- 
tribution of plants in New South Wales, fifty-seven species of 
orchids are enumerated as occurring in the Mudgee District ; 
and particulars are given concerning their habitats and the 
months during which they flower. In addition a comparison 
of the orchids of this district with those of the county of Cum- 
berland and of the other Australian colonies is also given.—On 
an undescribed species of Chilodactylus from Port Jackson, by 
E. P. Ramsay, LL.D., F.R.S.E., and J. Douglas Ogilby. 
Under the name of Chilodactylus polyacanthus, a new species of 
Morwong is described, and its affinity to C. carponemus, Cuv. 
and Val., is discu:sed.—Dr. Ramsay exhibited a number of very ~ 
rare birds from Derby, North-West Australia, recently collected 
in that district by Mr. Cairns. He particularly drew attention 
to the following :—Poephila acuticauda, Poephila mirabilis, 
Donacicola pecturalis, Emblema picta, Lstrelda annulosa, 
Estrelda ruficauda, Pecilodryas cerviniventris, Smicrornis 
flavescens, Pardalotus rubricatus, Pardalotus uropygialis, 
Malurus coronatus, Malurus cruentatus, Cacatua gymmnopis, 
Climacteris melanura, Geophaps albiventris, Astur cruentus, 
Trichoglossus rubritorquatus.—Mr. Macleay exhibited the fol- 
lowing new or rare reptiles and fishes collected by Mr. W. W. 
Froggatt in the vicinity of Cairns, Queensland :—Snakes : 
Tropidonotus picturatus, Schlegel, Dipsas baydii, Macleay, 
Hoplocephalus assimilis, Macleay, Hoplocephalus nigrostriatus, 
Krefit, Wardoa crassa, Macleay, and Dendrophis bilcrealis, 
Macleay. Lizards: Varanus ocellatus, Gray, Varanius, sp. ?, 
Hinulia, n. sp., four species of Geckotidee unknown, one with 
tail of remarkable width, and several other unknown lizards. 

| Fishes: Dudes Haswellii, Macleay, Aristeus rufescens, Macleay, 
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Serranus lanceolatus, Bleek, a species new to Australia, and a 
species of Eleotris, probably undescribed, remarkable for its 
minute scales. Collected from the same district were a number 
of frogs, among sanich Mr, Fletcher pointed out examples of 
Ayla dolic hopsis, caerulea, H. lesueurii, H. peronii, H. 
nasuta, FH. ee Limnodynastes ornatus, and two other 
species not determined. 

PARIS 

Academy of Sciences, October 11.—M. Jurien de la 
Graviere, President, in the chair.—On a principle in rational 
mechanics, and on a demonstration used by Daniel Bernoulli in 
1757, by M. de Jonquitres. The reference is to the author’s 
recently-explained theory of the hydro-extractor, the funda- 
mental principle of which he now finds was already known to 
Bernoulli, at least so far as concerns the action of the pendulum. 
His demonstration, analogous to that of M. de Jonquieres, is 
contained in his memoir entitled, ‘‘ Principes hydrostatiques et 
méchaniques, &c.,’’ which obtained the prize of the Royal 
Academy of Sciences.—On the persistence of the instinctive 
functions and voluntary movements in bony fishes after extrac- 
tion of the cerebral lobes, by M. Vulpian. In supplement to 
his previous paper on this subject, the author mentions the case 
of a carp operated upon on March 18, 1886, and which survived 
till September 29. During this period it acted in almost every 
respect like any ordinary fish, noticing and avoiding -obstacles, 
seizing and swallowing its food, rejecting non-alimentary sub- 
stances, and soon. With the exception of smell, it evidently 
retained all its senses and instinctive and intellectual faculties. 
This experiment fully confirms the results already determined by 
the researches of M. Is. Steiner, and shows that in fishes instinct 
and will survive the extraction of the cerebral lobes, which in 
reptiles, birds, and mammals are the seat of those faculties. — 
Experimental researches on the nature of vigor mortis, by M. 
Brown-Séquard. The object of these studies is to show that 
the rigidity ensuing after death is due neither altogether 
nor eyen to any great extent to the coagulation of the 
albuminous substances of the muscles, as still maintained by most 
physiologists on the authority of Briicke, Kuhne, and Wundt.— 
On the temperature of the bed of oceanic basins compared with 
that of the continents at the same depth, by M. Faye. In con- 
nection with the reference made to this subject in the opening 
address of the President of the British Association at Birming- 
ham, the author takes the opportunity of generalising the law 
already established by him respecting the more rapid and deeper 
cooling of the earth’s crust under the seas than under the con- 
tinents. Not only is this law applicable to the Polar seas, whose 
lowest depths have a temperature very near zero, but also to 
those which do not freely communicate with the Poles. In these 
waters also the temperature decreases with the depth, the differ- 
ence between them and the continents at the same depths being, 
within about 15°, as great as forthe oceans, —Purification of yttria, 
by M. Lecoq de Boisbaudran. In the process of purification here 
described the earth A, differing little from that of M. Cleve, 
yielded a beautiful phosphorescence of a pink auroral tint, due 
not to the yttria itself, as supposed by Mr. Crookes, but to the 
presence of a minute trace of bismuth derived either from the 
primary substance or from the reagents.—Fiuorescence of the 
compounds of bismuth subjected to electric effluvium 72 
vacuo, by M. Lecoq de Boisbaudran. In this paper the 
author sums up his observations on the pink fluorescence 
referred to in his previous communication. He remarks inci- 
dentally that during these studies he detected traces of bismuth 
in numerous chemical products, several of which were supposed 
to be quite pure.—Summary of the meteorological observations 
made during the year 1885 at four stations in the Upper Rhine 
and Vosges districts, by M. Hirn. The observations here tabu- 
lated give the highest and lowest temperatures from month to 
month at Colmar, Thann, Schlucht, and Munster, the actino- 
metric readings taken at the Colmar Observatory, the atmo- 
spheric pressure, rainfall, and other meteorological data at these 
stations. —On the transformation, of surfaces, and on a class of 
differential equations, by M. E. Picard.—The reciprocal re- 
lations of the great forces of Nature, by M. Emile Schweerer. 
The author’s remarks are in reference to his French translation 
of M. A. Klein’s remarkable analysis of MM. Hirn and 
Clausius’s recent memoirs contributed to Gaea.—Saturation of 
normal arsenic acid with lime-water and with the water of 
strontian, by M. Ch. Blarez.—Contribution to the study of the 
alkaloids, by M. Oechsner de Coninck. Two very sensitive 
reagents are described, which are easily produced, and which 
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are likely to prove very serviceable in the diagnosis of 
the various alkaloids and of the different bases treated by 
the author.—On the genus Zv¢ione, Kossmann, by MM. 
A. Giard and J. Bonnier. In the Porcel/ana longicornis 
of Concarneau the authors have discovered an Lx/oniscus 
closely allied to those met by Fritz Miillerin the Porcellanz of 
the Brazilian seaboard. The study of this species, here named 
Entoniscus miilleri, justifies the division of the genus proposed 
by Kossmann. The term Ax/oniscus being reserved for the 
two species of parasites of the Porcellanz, the Zvtomiscus of 
the crabs would then constitute the genus Ztione.—Diseased 
grapes in the vineyards of La Vendée, by M. Prillieux. The 
vineyards of this district have this year been attacked by a 
species of mildew here fully described. —On some garnet-bearing 
rocks of Puy-de-Déme, by M. Ferdinand Gonnard, It is shown 
that, contrary to the received opinion, the important group of 
garnets, whether as a mineralogical accident, or as an essential 
constituent element of the different grenatites, is largely repre- 
sented in the primitive or plutonic formations of Puy-de-D6éme. 
—On the phosphated deposits of Beauval (Somme), by M. 
Stanislas Meunier. From a careful study of the phosphate of 
lime recently discovered at Beauval, the author infers that the 
phosphated chalk of Picardy belongs to an older geological 
epoch than that of Belgium. 
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HISTORY OF ETHICS 

Outlines of the History of Ethics for English Readers. 

By Henry Sidgwick, Knightbridge Professor of Moral 
Philosophy. (London: Macmillan and Co., 1886.) 

ROM the earliest times of Greek thought the foremost 
philosophic minds of Europe have restlessly sought 

for sanctions of the moral code ; and the last quarter of 
the nineteenth century sees but little unanimity of opinion 
on the subject. The purely intuitional moralist dreads, 
in the determinist ethics of evolution and of utilitarianism, 
the deathblow of virtue properly so called. The followers 
of Bentham and of Spencer foresee the downthrow of 
morality unless some sanction more solid than the in- 

tuitionalist can supply be found for the ethical creed, 
unless “morality be established on a scientific basis.” 

Neither can bring himself to understand how the creed of 

the other can really influence conduct ; and both believe 

in their inmost hearts that the conduct of the other is 
really determined by something that goes deeper than 
the outward profession of faith. 

Amidst the divergencies of ethical opinion, however, 

practical morality has undergone but little modification. 
Notwithstanding the momentous change wrought by the 
introduction of Christianity into Europe the ideal at 

which the good man aims to-day differs but little from 
that towards which the ancient Greek directed his 
endeavours. It is true that the Christian virtue of 
humility takes the place of the Greek Azghmindedness ; 
but it is questionable whether the standard of excellence 
practically set before himself by the bishop who preaches 
the one differs materially from that of the philosopher 
who inculcated the other. This uniformity of practice 
amid diversities of faith, notwithstanding that the practice 
is in a high degree the outcome of the faith, receives 

perhaps sufficient explanation when it is remembered 
that the conduct of the individual is determined by a 
triple service—the service of Self, the service of Man, and 
the service of God. But the service of God—medizval 
monkism notwithstanding—takes practical expression in 
every-day life in the service of Man, while the pure service 
of Self is rendered impossible by the exigencies of the 

social life. In this way conduct is practically reduced to 
a subtle compound of Egoism and Altruism. Whether 
the welfare of others is sought from motives of self- 

interest, or the improvement of self is ennobled by the 
thought that in this way the level of humanity is being 

raised, matters not practically. The material morality is 

the same, however wide may be the essential and formal 
difference. 

But man is an inquiring animal, especially in the scien- 

tific and philosophical varieties of the genus. He cannot 
rest content with the mere possession of moral intuitions, 
he must also endeavour to ascertain their cause and mode 
of origin. He is also in his higher developments essen- 
tially a rational animal. He is not satisfied with the 
promptings of ethical desires, he must also justify the 
resulting conduct on rational grounds. Hence the science 
of ethics, which deals with the questions “ What is right?” 
and “ Why?” 
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In Prof. Sidgwick’s “ Outlines of the History of Ethics” 
we have a remarkably clear and succinct account of the 
answers that have been given to these questions. In 
dealing with the subject as a separate province of thought 
there is this peculiar difficulty, that ethical theory is in a 

very high degree determined by philosophic creed. The 
ethical theory of the Platonist for whom the Universe has 
thought itself out from the abstract to the concrete, in- 
evitably differs from that of the modern evolutionist who 
believes that material and mental groupings have gradu- 

ally advanced from the simple to the complex until the 
extraordinary complexity of the human brain and human 
thought-processes has been reached. Prof. Sidgwick has 

met this difficulty as fully as the space at his disposal 
rendered possible, and by not unduly narrowing the limits 
of his province has presented a tolerably complete bird’s- 
eye view of the history of ethical thought. 

His work begins with an Z¢évoductéon intended to assist 
the reader in grasping and arranging the somewhat com- 
pressed historical matter presented to him in the body of 

the book. The student who comes fresh to the subject 
will probably find the study of this introduction more 
valuable at the end of his first perusal of the work than at 
the outset of his labours. Then follows in Chapter I. a 

general account of ethics, in which the subject is defined, 
and its relations to theology, politics, and psychology are 

clearly indicated. It may be useful to give here the 
“summary view of ethics” with which this chapter 

closes :— 

“The subject of Ethics, most comprehensively under- 
stood, includes (1) an investigation of the constituents 
and conditions of the Good or Well-being of men con- 
sidered individually, which chiefly takes the form of an 
examination into the general nature and particular species 
of (a) Virtue or (4) Pleasure, and the chief means of 
realising these ends ; (2) an investigation of the principles 
and most important details of Duty or the Moral Law (so 
far as this is distinguished from Virtue) ; (3) some inquiry 
into the nature and origin of the Faculty by which duty is 
recognised, and, more generally, into the part taken by 
Intellect in human action, and its relation to various 
kinds of Desire and Aversion; (4) some examination of 
the question of human Free Will. It is connected with 
Theology, in so far as a Universal Good is recognised, 
inclusive of Human Good, or analogous to it ; and again, 
so far as morality is regarded as a Code of Divine ap- 
pointment. It is connected with Politics, so far as the 
well-be ng of any individual man is bound up with the 
well-being of his society; and again with Jurisprudence 
(or Politics), so far as morality is identified with Natural 
Law. Finally almost every branch of ethical discussion 
belongs at least in part to Psychology ; and the inquiries 
into the origin of any moral faculty and the freedom of 
the Will are purely psychological.” 

The three following chapters form the main body of 
the work. The first deals with Greek and Graeco-Roman 
ethics. In this chapter the author brings out clearly the 
Socratic paradox, that men’s ignorance of justice is the 
sole cause of their unjust acts, that, in a word, no one is 
voluntarily bad ; and its justification as the outcome of a 

-pair of apparent truisms, (1) that every one wishes for his 
own good, and would get it if he could, and (2) that those 

who knew how to do just and righteous acts would prefer 

nothing else, while those who did not know could not do 

them if they would. Unfortunately, as a practical fact, 
men too often desire in their moments of passion what in 

DD 
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their hours of reflection they know to be wrong. And 

since action takes the line of least resistance at the 
moment of temptation, there follows remorse in the hour 
of bitter remembrance. In the moment of trial, knowledge 

of right is not absent but submerged. The development 
of ethical doctrine as it passed through the hands of Plato 
and Aristotle, of Zeno and Epicurus, is treated with marked 

clearness and ability. 

In the chapter on Christianity and mediaeval ethics the 

main characteristics of Christian morality occupy a con- 

siderable space, the only writer whose doctrines are 

expounded at any considerable length being Thomas 

Aquinas. . 
The last chapter deals with modern ethics, chiefly 

English. The author, however, tells us, in his preface, 
that he has not attempted to deal with contemporary 

modes of ethical thought—with which he has been 
engaged controversially—except in a very brief and 
summary way. The motive is admirable ; but the fact is 

to be regretted. As a “manual for students” the book 
would have been more complete had contemporary ethics 
formed the subject of a concluding chapter. There are 
many who will take up this book as a summary of the 
subject as a whole from the hands of one of its masters, 
and who will be disappointed to find so meagre an account 
of modern transcendental ethics and of the moral theory 

as “sanctioned” by evolution. The writer who has 
treated the ethics of twenty centuries with such marked 
impartiality could safely have been trusted to preserve a 
due “ objectivity ” of treatment in dealing with the modes 

of ethical thought in his own time. 
All genuine students of human thought and endeavour 

will thank Prof. Sidgwick for having presented them with 
this altered and enlarged edition, in a handy form, of his 

article in the “ Encyclopedia Britannica.” 
@ ire. 

PROFESSOR CHRYSTAL’S “ALGEBRA” 

Algebra: an Elementary Text-Book for the Higher 
Classes of Secondary Schools and for Colleges. By G. 

Chrystal, M.A. Part I. (Edinburgh: Adam and 

Charles Black, 1886.) 

ss HERE are few things where the want of an en- 
lightened scientific public strikes an expert more 

than the matter of scientific text-books.” “ For our teach- 
ing of algebra, I am afraid, we can claim neither the 

sanction of antiquity nor the light of modern times. 

Whether we look at the elementary, or at what is called 

the higher teaching of this subject, the result is unsatis- 
factory. .. . In the higher teaching, which interests me 

most, I have to complain of the utter neglect of the all- 

important notion of algebraic form.” “The logic of the 
subject, which, both educationally and scientifically speak- 
ing, is the most important part of it, is wholly neglected. 

The whole training consists in example-grinding. What 
should have been merely the help to attain the end has 

become the end itself. The result is that algebra, as we 
teach it, is neither an art norascience, but an ill-digested 
farrago of rules, whose object is the solution of examin- 

ation problems.” “The problem for the writer of a 
text-book has come now, in fact, to be this—to write a 

looking through it, can mark a single -passage which the 
candidate for a minimum pass can safely omit. ... When 
our system sets such mean ends before the teacher, and 

encourages such unworthy conceptions of education, is it 
to be wondered at that the cry arises that pupils degene- 
rate beneath even the contemptible standards of our ex- 

aminations.... The cure for all this evil is simply to 
give effect to a higher ideal of education in general, and 

of scientific education in particular. Science cannot live 
among the people, and scientific education cannot be 
more than a wordy rehearsal of dead text-books, unless 
we have living contact with the working minds of living 

men.” 
Such being some of the author’s weighty utterances in 

his famous British Association address to Section A 
(NATURE, vol. xxxii. pp. 446-449), it was with much 

interest we read the announcement that he was writing 
a treatise on algebra, and it is with much pleasure we 
have perused this first instalment of 542 pages. This is 

no ordinary treatise: school text-books abound, and 
more are on the way. This bears traces everywhere of a 
master’s genius; those are but clever arrangements of 

well-known materials. 
This is an elementary volume because “it begins at 

the beginning of the subject” ; it is not written, however, 

for babes. It will have been noticed how the address 

' quoted above insisted upon the “all-important notion of 

algebraic form”: at the commencement Prof. Chrystal 

lays down generally the three fundamental laws, and 

thence proceeds deductively. This he does because this 

idea of algebraic form is “ the foundation of all the modern 

developments of algebra, and the secret of analyticat 

geometry, the most beautiful of all its applications.” The 

following abstract of the interesting preface will best indi- 

cate the writer’s aim. Outside algebra proper the reader 

is expected to be familiar with the definition of the trigo- 

nometrical functions, and to have a knowledge of their 

fundamental addition-theorem. The first object is to 

“develop algebra as a science, and thereby to in- 

crease its usefulness as an educational discipline.” 

Sources of information are indicated, and a most 

admirable feature is the introduction of numerous his- 

torical notes. With regard to some of the early chapters, 

which are specially hard reading for junior students, Prof. 

Chrystal writes that they were “written as a suggestion 

to the teacher how to connect the general laws of algebra 

with the former experience of the pupil. In writing 

this chapter I had to remember that I was en- 

gaged in writing, not a book on the philosophical 

nature of the first principles of algebra, but the first 

chapter of a book on their consequences.” 

The subject is broken up into twenty-two chapters, and, 

as the arrangement—“ the result of some ten years’ expe- 

rience as a University teacher ”—deviates somewhat frony 

ordinary usage, we give the headings :—(1) Fundamental 

laws and processes (association, commutation, and distri- 

bution, with historical note) ; (2) laws of indices, theory of 

degree ; (3) theory of quotients, first principles of theory 

of numbers; (4) distribution of products (= and I,) 

principle of substitution, homogeneity, symmetry, prin- 

ciple of indeterminate coefficients ; (5) transformation 

of the quotient of two integral functions ; (6) G.C.M. 

book so neatly trimmed and compacted that no coach, on \ and L.C.M.; (7) factorisation of integral functions ; 

i 

ee 

es 
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(8) rational fractions ; (9) continuation of theory of num- 
bers (Lambert’s theorem) ; (10) irrational functions ; (11) 
arithmetical theory of surds; (12) complex numbers ; 
(13) ratio, proportion, variation; (14) on conditional 

equations in general (elimination, transformation) ; (15) 

variation of a function ; (16) equations and functions of 

first degree (determinants, contour lines) ; (17) equations 

of the second degree; (18) general theory of integral 
functions (Newton’s theorem, Lagrange’s interpolation 

formula, maxima and minima); (19) solution of pro- 

blems ; (20) arithmetic, geometric, and allied series ; (21) 

logarithms ; (22) theory of interest and annuities. There 

"isa large collection of exercises: with regard to these, 
after reading the address, we are prepared to find that 
the author deprecates the idea of a reader’s working 

through all these at the first reading: they are given for 
the sake of variety, and to be worked at different times of 

reading. Answers are given at the end. We have put 

the writer’s own words in the forefront, that our readers 

may be reminded of what he has said in the past and 

informed of what he has now attempted to do. ‘The 
result is a work of singular ability and freshness of treat- 
ment. It follows no previous leader, it will give rise to 

shoals, possibly, of imitators, but it will bear boiling down 
by the “fifth-rate workmen” whom the Professor lashes. 
It is not a book for our elementary classes, but it will be 
an excellent work to put into the hands of some of our 

sixth-form pupils. It is admirably adapted for thoughtful 
students at our Universities who have not the dread of 

examinations before their eyes, but can afford to go 
deeper into the subject than the ordinary run of our 
students do. The book is excellently printed and is of a 
handy size. We hope the second part is well advanced. 

THE MAMMALS OF CENTRAL AMERICA 

Biologia Centrali-Americana. Mammalia. By Edward 
R. Alston. With an Introduction by P. L. Sclater, 
M.A., F.R.S. 4to. (London: R. H. Porter, 1879-82.) 

ape progress of various portions of the great work 

upon the fauna and flora of Central America 

undertaken by Messrs. Salvin and Godman has been 

from time to time noted in our columns. Each section 
of the extensive and almost exhaustive mass of material 
which the industry and liberality of the projectors and 
editors of the work have accumulated, has been placed in 
the hands of some one specially qualified to render them 

available for the purposes of science. No one could 

have been found more fitting to undertake the description 
of the mammals than the late Edward R. Alston, whose 

lamented and untimely death deprived zoology of one 
whose careful and conscientious method of work gave 
promise of a career of great benefit to the progress of the 
special branch to which he had devoted himself. He 
was unfortunately unable even to complete the work 

under review, which owes its finishing touches to the pen 
of Mr. Sclater. 

Compared with the general mammalian fauna of the 
world, that of the region treated of by Mr. Alston is 
rather limited. 181 species are enumerated, of which 52 

are Bats, and.60 Rodents. Of the P77ates, 10 species 
of Cebide and 1 of Hapalzde are described, all forms 
proper to the Neotropical region. Their extension 

into. Central America is a subject of much interest 
which has been particularly investigated by Mr Sclater , 
whose observations are extended or confirmed by Mr. 

Alston. One species only (Afe/es vellerosus) is known to 
inhabit Mexico, reaching as far north as the 23rd parallel. 
The /zsectivora are represented only by 5 small species 
of Soricide. The Carnivora are more numerous. The 

felide comprise the southern Jaguar, Ocelot, Margay, 
Eyra, and Jaguarondi, the widely distributed Puma, and 
the northern Bay Lynx. The dogs are all northern 
forms, viz., Canis lupus, C. latrans, and Vulpes virgint- 

anus. The Mustelide are well represented by both Neo- 

tropical and Nearctic forms. The two North American 

Bears, Ursus horribilis and U. americanus, both extend 

as far as Northern Mexico, and are therefore included 

within the scope of the work. But the most interesting 

of the Carnivora are the curiously generalised group of 

Procyontde. Of 8 recognised species of this family, 

7 are included in the limits of Central America, the 

Brazilian Masuwa rufa being the one exception. Of 
special interest are the rare and little known Bassaris 

astuta and B. sumachristi (of which a new figure is given), 

and Bassaricyon gabbi. The Ungulata are, as is well 
known, very poorly represented in the actual fauna of the 
American continent, though so abundant and varied in 
former ages. Four deer of the genus Cardzacus, the 

northern Big-Horn and Prong-buck, two Peccaries and 

two Tapirs are all that can be mustered as denizens of 

the Central American region. It should be mentioned 

that the distinguishing cranial characters of Dow’s Tapir 
are carefully worked out and figured. A fair proportion 

of the essentially Neotropical Edentates and Marsupials 
extend beyond the Isthmus of Panama, including the 
three modifications of the Anteater type, an Armadillo, 

three Sloths, and seven Opossums. 
The Cetacea of the coast are not included in the work, 

but there is a full notice of the Manatee, containing 

copious extracts from Dampier’s quaint but graphic de- 
scription of the habits and distribution of the animal in 

his time. As in so many other cases, the correct scien- 

tific designation of this creature is a matter of consider- 
able perplexity. We quite agree with Mr. Alston in 
keeping Manatus for the generic name, but azstralzs can 
hardly be accepted for any of the species at present dis- 
criminated. It was originally applied to a combination 
of the African and American forms, as opposed to dovealis, 

the northern Manatee or Rhytina, and if retained should 
belong to the former, as the African habitat is mentioned 
first by Gmelin (1788) and Tilesius (1812), and is the only 

one given by Shaw (1800). Cuvier (1809) first distinguished 

the African from the American species by their osteo- 

logical characters, calling them respectively “ Lamantin 
du Senegal” and “ Lamantin d’Amérique,” which names 
were subsequently Latinised by Desmarest (1817) into 

M. senegalensis and M. americanus. This last name 
is therefore certainly preferable to 47. australis for the 

West Indian animal. In a recent monograph of the 

genus, Dr. C. Hartlaub (Zoologische Jahrbuch, Bd. 1.) has 
carefully investigated the synonymy, and admits two 

species as inhabitants of the New World, JV. datirostris 
(Harlan) and M. znunguis (Natterer), M7. americanus 
being suppressed as a compound of the two. The Central 

American form is referred by Hartlaub to J. /atzrostris, 
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MM. inunguis being apparently confined to the upper | 

waters of the Amazon and Orinoco ; but we cannot say | 
that we are quite satisfied with the supercession of Cuvier’s 
name for that of Harlan. 

The work is illustrated by twenty excellent coloured 
plates by Wolf, Keulemans, and Smit, representing new 

or little-known species. We cannot conclude our notice 

without again expressing our admiration for the scientific | 
enthusiasm and public spirit shown by Messrs. Godman 

and Salvin in the manner in which they are carrying out 

their great undertaking. Walar. 

PACKARD’S “ FIRST LESSONS IN ZOOLOGY” 

First Lessons in Zoology, adapted for Use in Schools, 

By A. S. Packard, M.D., Ph.D., Professor of Zoology | 

and Geology in Brown University. American Science 
Series, Elementary Course. (New York: Henry Holt 

and Company, 1886.) 

@ = of the principal objects of the American Science 

Series, we are told, is to supply “authoritative 

books the principles of which are, so far as is practical, 

illustrated by familiar American facts.” Another “lack” 
intended to be supplied by the series is that of text-books 
which “ do not a¢ east contradict the latest generalisa- 

tions.” Whatever success Dr. Packard may have attained 

in the first of these objects, we fear he has not always 

kept clear of the many pitfalls into which writers of com- 

pilations in any branch of science are in these days nearly 

sure to stumble. Some of his statements are certainly 

in contradiction to the latest generalisations of zoological 
science. 

On p. 28 we find, in the account of A/7//epora, two forms of 
zooids, distinguished as “nutritive” and “reproductive.” 

The so-called “ reproductive” zooid is nothing of the kind, | 

but simply a tentacle-bearing zooid unprovided with mouth | 
and stomach, Its function is to assist the nutritive or 
gastro-zooids in obtaining nutrition, by directing small 

particles of food towards the latter. Of the reproduction 
of Millepora nothing is yet certainly known, but Prof. 

Moseley has suggested that it may probably give off a 
free-swimming Medusa. 

Again our author, in enunciating the differences of 

animals and plants, states (p. 6) that plants “inhale car- | 

bonic acid gas, and exhale oxygen,” and that animals do 

just the reverse. This seductive and oft-repeated anti- 
thesis is unfortunately not strictly accurate. Both plants 
and animals inhale oxygen and exhale carbonic acid gas. 

But in the case of the chlorophyll-bearing plants this 
process is obscured by an opposite process, by means of | 
which the carbonic acid gas (CO,) is broken up into its 

constituent elements, the carbon (C) is absorbed into 

the plant, and the oxygen (O,) is set free. This 

process is, however, rather a nutritive than a respiratory 
process. 

Speaking of Amphiorus (p. 139) Dr. Packard states 

that the water after passing through the gill-slits “enters | 
the general body-cavity.” This is an error: the water 

enters the Pertbranchial cavity—a perfectly distinct struc- 
ture of quite different origin. Nor has Amphioxrus “two 
eye-spots,” but only one. 

In the chapter (XXIII.) upon the “Lung-fish” (scr. 
Lung-/shes), the African Protopterus annectens seems to 

| have been mixed up with Polypterus bichir, which does 
not belong to this order at all. The former fish is 

correctly figured (p. 168), but is named VPolypterus 

just above, and is stated to be found in the “ Nile,” 

which is the case with Polypterus, but not with Pro- 

topterus. 

| These inaccuracies occur to us as we turn over the leaves 
of the “ First Lessons in Zoology”: we fear it would not be 

| difficult to find others. We must also say that the wood- 
cuts are mostly of coarse execution, and not always well 

drawn. On the other hand, it may be allowed that as 
great, or greater, faults might be found with every other 

attempt that has yet been made to supply a school-book 
of zoology. Weare not acquainted with a really satis- 

factory work of this kind. A good text-book of zoology 
for beginners has still to be written. In the meanwhile, 
Dr. Packard’s “first lessons,” although going rather too 
deeply into certain portions of the subject, may be use 
fully employed for this purpose, without fear of teaching 
much that will have to be unlearnt. 

OUR BOOK SHELF 

Russland: Einrichtungen, Sitten, und Gebrduche. 
schildert von Friedrich Meyer von Waldeck. 

Die Schweiz. Von Prof. Dr. J. J. Egli. (Leipzig: G. 
Freytag, 1886.) 

Ge- 

| THESE volumes are amongst the latest of that encyclo- 
| paeedic work, “ Das Wissen der Gegenwart,” which has 
now passed its fiftieth volume. Although, so far as the 
publication has at present gone, there are more volumes 
devoted to popular descriptions of countries than to any 

‘other, yet general scientific subjects are by no means 
unrepresented. Thus, volumes have appeared on meteor- 

| ology ; insects, useful and injurious ; the sun and planets; 

comets and meteors; electricity and its applications ; 
the nourishment of plants ; sound; the ocean, &c., &c. 
The series is progressing rapidly, we are glad to see, 

_ with very short intervals between the successive volumes, 
from which it is to be presumed that the undertaking is 
meeting with the success which it deserves amongst the 
German people, although, we regret to believe, it would 
ruin any publisher who projected and attempted to carry 
out a series of this scope and magnitude in this country. 
In both of the volumes before us the work appears 
to be done as thoroughly as the space admits. Herr 
Meyer von Waldeck’s book is the second part of a work 
on Russian laws, customs, and manners, and specially 
deals with the system of administration, and national 
defence, the church and clergy, and the grades of society. 
Prof. Egl’s account of Switzerland contains a large 
amount of information compressed with much skill into 
a very small space. It is not merely a tourist’s book, 
although the tourist who would not take a more intel- 
ligent interest in Switzerland after having read it must 
know a good deal about the country ; it is an excellent 
account of Switzerland which might be read with instruc- 

' tion even by persons who never look forward to seeing 
that country. The first paragraph of the first chapter 
deals with the Urzezt, or prehistoric period; the last 

| chapter in the book sketches the history of the St. 
Gothard railway. The numerous excellent illustrations 
must add largely to the attractiveness and popularity of 
the series, which, however, the books well deserve on 

| more substantial grounds. 

light and heat ; the fixed stars ; the earth and the moon; 

Py Ue Ke oy 
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LETTERS TO THE EDITOR 

[The Editor does not hold himself responsible for opinions ex- 
pressed by his correspondents. Neither can he undertake to 
return, or to correspond with the writers of, rejected manu- 
scripts. No notice is taken of anonymous communications. 

[The Editor urgently requests correspondents to keep their letters 
as short as possible. The pressure on his space is so great 
that it ts impossible otherwise to insure the appearance even 
of communications containing interesting and novel facts.] 

On the Connection between Chemical Constitution 
and Physiological Action 

IN his letter to NATURE last week (p. 594), Dr. Blake con- 
siders that I have not only misunderstood the scope of his 
experiments, but have been led into error on account of my 
having no definite idea of the meaning of the term chemical 
constitution, which he thinks I have evidently confounded with 
that of chemical composition. 

In regard to the first of these points, I shall be very sorry if, 
by mishap, I have not rightly understood, or have failed to 
appreciate at their true value, Dr. Blake’s experiments (most of 
which were published before I was born), for I regard him as 
a true pioneer in the field of pharmacology. 

The scope of Dr. Blake’s researches, as defined by himself in 
the Report of the British Association for the Advancement of 
Science for 1846, was ‘‘ fully to establish the law of the analogous 
action of isomorphous substances.”’ 

I should no doubt have described Dr. Blake’s researches 
more correctly had I used the word ‘‘ isomorphous ” instead of 
translating it into popular language, for my translation un- 
doubtedly does not give the full meaning of the word; but my 
whole address was an attempt to make a difficult subject as 
popular as I could, and I thought that I had sufficiently acknow- 
ledged Dr. Blake’s priority by observing that the present epoch 
of pharmacology might be dated from his researches, although 
it was those of Crum Brown and Fraser which fairly started 
pharmacological investigation in a new direction. Perhaps Dr. 
Blake will be inclined to regard my shortcomings in regard to 
him more leniently if he will read over my address again, for, 
if he does so, I think he will see that if on my part I have 
failed to give him due credit, he on his part has completely 
misunderstood the whole drift of my address, which was to show 
the importance of chemical constitution as distinguished from 
chemical composition. T. LAUDER BRUNTON 

The Origin of Species 

Ir has already been pointed out by Mr. Evershed that the 
‘* physiological selection ” of Dr, Romanes is identical with the 
theory outlined by me nearly two years ago in these pages 
(vol. xxxi. p. 4). As all the objections which have been raised 
apply equally to my theory, I may perhaps be allowed to give 
my answer to some of them; it will probably differ in some 
points from that promised by Dr. Romanes in the Fortnightly. 

I quite agree with Mr. Wallace (in the Fortnightly) that it is 
only among the group of animals which have at least one 
common parent that the corresponding variations of the sexual 
organs which are required for physiological insularity would be 
likely to occur. But when he maintains that not more than two 
or three of such a group would reach maturity, and that there- 
fore they would soon die out, he seems to me to forget that it is 
only on the average that the number would be so small. Many 
groups would be small, and would die out; exceptional families 
would be more numerous and more lucky ; just as we can all 
point to human families where twelve or more children have 
reached maturity, though the average number of those who do 
so is under three in a family. 

The survivors, more or less numerous, would generally not be 
scattered far from their common birthplace, so that their chance 
of finding one another would not be very small, especially if the 
sexual instinct was correspondingly modified, and this might 
well be the case from what we know of the connection between 
the psychical and physiological parts of the reproductive function. 
This presupposes some difference of smell, form, colour, &c., to 
enable an animal to distinguish those of its own family from the 
rest of the species, but this probably exists between any two 
animals. 

They might thus be under no great disadvantage compared 
with the parent species, and they would have a counterbalancing 
advantage in the much greater adaptability to circumstances 

NATURE 617 

which a small group possesses. Any useful variation occurring 
ina large group, if not swamped by the effect of interbreeding 
with a large number of unimproved forms, must take many 
generations to modify the whole mass; while a similar useful 
variation occurring in one member of a small and physiologic- 
ally isolated group could modify the whole group ina few gener- 
ations. The existence of a six-fingered man in England would 
not appreciably modify the inhabitants in a thousand years, even 
if it was a slight advantage to have six fingers ; while if a six- 
fingered man was introduced into an island with five other in- 
habitants, a fair proportion of the population would probably 
be six-fingered in three generations. 

It is perhaps worth pointing out that the curious connection 
between colour and fertility, in which Mr. Wallace seeks for the 
explanation of the sterility of species, follows at once as a corol- 
lary from the doctrine of physiological selection. For, apart 
from any special modification of the sexual instinct, all animals 
seem to prefer to breed with those of their own colour, and 
hence avy change of colour in the isolated family would be an 
advantage, and would indeed remove the one disadvantage 
under which such a family lies. So a change of colour, other- 
wise useless, would in such cases be preserved, and be found 
accompanying sterility with the parent species. 

Another of Mr. Wallace’s objections seems to me a strong 
argument in favour of my (and Dr. Romanes’s) theory. He says 
that some animals, not only of different species but of different 
genera, can produce hybrids, and he instances the pheasant and 
black grouse. Now this is just what we ought to find on our 
theory, and ought not to find on any other. If either structural 
divergence or divergence in colour produces infertility, then the 
pheasant and the black grouse should be sterile, since they differ 
more, both in structure and colour, than many sterile pairs. But 
if species are produced sometimes by physiological isolation, but 
sometimes by other causes, such as geographical isolation, spon- 
taneous distaste (not disability) for pairing, or even unaided 
natural selection, then those species which have been produced 
by aid of any of these latter processes will be fertile in spite of 
any ordinary amount of divergence, since nothing has occurred 
to render them otherwise ; while those which have been formed 
by physiological isolation will be sterile even though they have 
hardly diverged at all. We cannot tell, without assuming what 
I am trying to prove, what form of isolation has been at work, 
except in the case of island species; but we can tell that there 
ought to be both very divergent fertile forms and slightly divergent 
non-fertile forms, and this is the case. 

It has also been objected that the gradual increase of sterility, 
as we pass from different species to different genera and families, 
proves that divergence produces sterility. But it would exist 
on my theory; for if physiological isolation, more or less 
complete, occurs before each species is formed, it will have 
occurred at least twice between the members of two genera, and 
more often between those of two families. If B is separated 
from A by being nearly infertile, and C from B in the same 
way, C is likely to be still more infertile with A. But in some 
cases geographical or other isolation takes the place of physio- 
logical isolation, and then any number of successive divergences 
may occur without any accompanying infertility. 

It has been said (I have lost the reference) that a certain 
amount of sterility has resulted in some cases from the diver- 
gence produced by artificial selection. It may be so. But 
on my theory, physiological isolation, the spontaneous occur- 
rence of a fertility circumscribed by the boundary of common 
parentage, must be of very common occurrence, since it must 
have occurred not only once for each of most of the recognised 
species, but many more times when the resulting species has 
died out, and in some cases where the two species, though still 
existing, have not diverged in any way so as to suggest to 
observers that they are not one, (just as many island species do 
not differ perceptibly from those on the mainland). If spon- 
taneous physiological isolation is so common, it would be 
certain to occur, at any rate in its commoner partial form, among 
the great variety of our domesticated animals, even if, as I 
believe, ordinary variation has no tendency to produce it. 

EDMUND CATCHPOOL 
Friends’ Institute, E.C., October 13 

Note upon the Habits of Testacella 

BETWEEN four and five months ago I found eleven specimens 
of this slug upon a low wall surrounding the garden of a house 
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near the Oxford University Parks, and on the following day I 
captured eleven more in the same place. There had been ex- 
céptionally heavy rain, extending over some days, immediately 
previous to those on which I found the specimens, and it there- 
fore seems probable that these animals are driven out of the 
earth when it becomes sodden with moisture. Thus it is pos- 
sible to account for the capture of a very unusual number of 
specimens, for, as far as I can learn, the species has hitherto 
only been met with singly in this locality. 

I have also ascertained what happens to the animals when 
the earth in which they are contained becomes hard and dry 
fromthe loss of water. A few of the twenty-two specimens 
were killed and hardened, and the remainder were put in a box 
containing earth, in which they buried themselves. In the press 
of other work the box was neglected, and remained untouched 
in my laboratory until to day, the earth having quickly dried 
into a hard cake. To-day I emptied the box, and fully expected 
to find the slugs dried up dead, but to my surprise I found 
twelve specimens alive, each encysted in a thin transparent cap- 
sule formed of the hardened mucous secretion of the animal’s 
skin. The body was contracted, and oval in shape, but it had 
been so completely protected from evaporation that there was 
no noticeable reduction in bulk after these hottest months of the 
year, during which water had been entirely withheld. One or 
two specimens had died almost immediately after capture, and 
a few escaped, so that all those which had been exposed to the 
heat and dryness in the box had become encysted, and survived 
in apparent health. Epwarb B. PouLTON 
Wykeham House, Oxford, October 19 

Lepidoptera and Migration 

THE subject of migration in connection with Lepidoptera is 
beginning to receive some attention at the hands of our best 
lepidopterologists. I am decidedly of opinion that the abundance 
or scarcity of many species of Lepidoptera is largely regulated 
by migrations from abroad. Last year our southern shores were 
visited by an abnormal number of rare Sphzzyide, but this year 
there have scarcely been any records of captures published con- 
cerning them. It would be interesting to know what are all 
the influences which cause these migrations, and if there is a 
periodicity to the phenomenal occurrences. 

Birmingham, October 12 W. Harcourt BATH 

The Earthquake of October 16 in the Vosges, &c. 

May I be allowed to call attention to the fact that Alsace lies 
on the direction of the great circle, ‘‘ boundary of Tertiary 
formation of the United States,’ mentioned in my letter which 
appeared in your number of the 14th inst. (p. 570), and further- 
more that Strasburg has been repeatedly shaken since 1355, the 
first date which I found recorded as having been marked by a 
shock. It is quite true that the interval between that shock and 
the next recorded (1556) was 201 years ; but the greatest subse- 
quent interval, that between the shocks of 1577 and 1655, was 
only of 78 years. This interval represents a multiple of 13, 
being = 13 x 6, The interval of 13 is of frequent recurrence, 
as I purpose to show in a paper which I have about terminated 
on this question of intervals and periods of earthquakes. 

J. P. O’ REILLY 
Royal College of Science for Ireland, Stephen’s Green, 

Dublin, October 23 

RECENT ORNITHOLOGICAL WORKS 

HE future student of British birds ought to have little 
difficulty in working out the distribution of species 

within the shores of Great Britain, so much excellent 
work having been done in the way of local lists during 
the last few years, and certainly one of the most useful 
will be the little work on “ The Birds of Cumberland and 
Westmoreland,” just issued by the Rev. H. A. Macpher- 
son and Mr. W. Duckworth.! The situation of these two 
counties is interesting, especially to the student of migra- 
tion, and the notes on the passage of water-birds and 
sea-birds are particularly good. The completeness of the 

t “‘ The Birds of Cumberland critically studied, including some Notes on 
the Birds of Westmoreland.” By the Rev. H. A. Macpherson, M.A., and 
William Duckworth. (Carlisle, 1886 ) 
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information, and the concise and simple form in which it 
is conveyed, render this small book a model of what a 
faunistic work should be, and it forms a worthy accom- 
paniment to the many excellent county lists of birds which 
have appeared in England during the last twenty years. 
It would be well if every expiring species in Great Britain 
had had its death-song as well sung as is the case with 
the Dotterell, by Mr. F. Nicholson, in the present work. 
While Protection Acts are spreading their gis over many 
birds in the breeding season, so that the numbers are 
visibly increasing, and the enlightened care of a few 
landed proprietors aids the work of bird-preservation, 
there are still a certain number of species whose nesting 
days in this country are numbered, and which, like the 
Great Bustard and the Bittern, are doomed by the inexor- 
able advance of civilisation to seek less over-crowded 
countries in which to breed. The (too probably final) 
breeding of the Dotterell in Cumberland is therefore 
appropriately described by Mr. Nicholson, who has 
himself taken the eggs in the county. An excellent 
account is likewise given of the breeding of the Pied 
Flycatchers. 
We learn with some surprise that the White-headed 

Long-tailed Titmouse of Scandinavia, the true Acredula 
caudata (Linn.), “may be detected in Cumberland in 
mid-winter,” when “the appearance of a flock of adults 
in their snow-white caps is refreshing to an insular ob- 
server.” We should like to see some of these Titmice, 
and may state that an example is a desideratum to the 
national collection, where we should be glad to receive a 
specimen. Our experience in France, where we have 
shot ad/ three races of the Acredula caudata, is that it is 
impossible to detect the difference of the forms when in 
the open, though a difference in note led to our recognis- 
ing A. 7rbiz. We can only consider the true A. caudata 
to be a very occasional, though not impossible, migrant 
to our shores, and we by no means sympathise with the 
authors of the “Birds of Cumberland” in their sup- 
pression of the name of Acredula rosca for the British 
Long-tailed Titmouse, from a dislike to the “needless 
multiplication of species.” As regards Great Britain the 
facts are perfectly plain. The resident Acredi/a is always 
recognisable, and the white-headed form is only a very 
occasional winter visitant, and however much they may 
interbreed in the Rhine Provinces or elsewhere on the 
Continent, there is nothing of the kind in England, where 
perfect differentiation exists; and therefore to say that 
our English Long-tailed Titmouse should be called Acre- 
dula caudata of Linnzus, is a mistake and nothing else, 
for that name belongs to the Swedish form. Those 
ornithologists who continue to do this suppress a most 
interesting fact in nature, viz. that the isolation of the 
British Islands from the rest of Europe has produced a 
well-marked modification in the colour of some of our 
birds, amounting in certain instances to a subspecific value, 
The same reasoning applies to the Coal Titmouse, where 
our authors state that “ British specimens have generally 
olive backs, as contrasted with the slate-gray backs of 
typical German specimens, but intermediate forms 
occur.” This is not our experience. In summer plumage, 
when the olive-brown tips and the feathers become shed, 
the back of the English Coal Titmouse is gray, and then it 
is difficult to tell it from a summer-plumaged /. a¢ey from 
the Continent. But if two winter-killed birds are com- 
pared, the difference between the British and Continental 
specimens is very strongly marked, for the back in the 
latter remains gray, whereas in the British form it is olive- 
brown. Having been the first, as we believe, to detect 
this modification in the British form, we have, ever since 
we first gave it the name of Parus britannicus, assidu- 
ously collected a series of specimens in the British 
Museum, and we have never seen reason to modify our 
original opinion, nor have we yet seen the intermediate 
forms for which our authors vouch. 
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We must not conclude our notice of this interesting 
volume without calling attention to the excellent plate (by 
Keulemans) of the Dotterell in summer plumage, and of 
the useful coloured map, an indispensable adjunct for the 
proper comprehension of a well-written local avifauna 
such as the present. 
We have recently received from America two publi- 

cations of the highest value, dealing with the expe- 
ditions prosecuted under the auspices of the United 
States Government in the high north. In the Azzdletin 
of the United States National Museum, Dr. Leonard 
Stejneger gives his “ Results of Ornithological Explora- 
tions in the Commander Islands and Kamchatka.” Dr. 
Stejneger has worked hard for several years at Palearctic 
and Nearctic ornithology, and of the many important 
contributions from his pen the present Bzd//etzn is perhaps 
the most noteworthy. Although Kamchatka has been 
visited by several of the Russian naturalists, the published 
information respecting its ornithology has been meagre 
enough, if we except the labours of Dr. Dybowski, whose 
collections have been described by himself and Dr. 
Taczanowski. Dr. Stejneger divides his work into three 
parts: (1) a review of the species of birds collected or 
observed by himself on the Commander Islands and at 
Petropaulowski in Kamchatka; (2) a synopsis of the 
birds reported to inhabit Kamchatka ; and (3) conclu- 
sions. One hundred and forty species were obtained by 
Dr. Stejneger himself, and of all of these he gives a full 
account, with synonymy and measurements. Naturally, 
the Auks, which abound in the Japanese and Kamchatkan 
seas, come in for a large share of attention, and Dr. 
Stejneger’s description of these difficult species is very 
complete, especially as regards the shedding of the 
lamellae of the bill, on which Dr. Bureau and Dr. 
Dybowski have had much to say in their writings. As 
these observations are accompanied by illustrations 
coloured on the spot by the author from freshly killed 
birds, there can be no doubt that they will be of inestim- 
able value to the future student. Several new species are 
described, most of them, as might be expected, being 
extreme forms of Siberian birds. Cuculus peninsule re- 
presents C. kelungensis of Japan, Dryobates purus and 
D. tmmaciulatus take the place of the Palearctic Wood- 
peckers, D. major and D. minor ; Pica Kamchatica that 
of the Magpie, P. cawdata. The synonymy of the Red- 
“polls is well treated, and a series of exhaustive measure- 
ments given. We can scarcely believe in the new race of 
the Scarlet Grosbeak, Carpodacus erythrinus grebnitzkiz, 
seeing the variation which takes place in a series of C. 
erythrvinus from other localities ; nor can we distinguish 
the Kamchatkan race of the Yellow Wagtail, Budytes 
flava leucostriatus, which seems to us to be inseparable 
from &. flava of Europe, of which species it is an 
Eastern colony. If the differences pointed out by Dr. 
Stejneger hold good, it will solve an interesting pro- 
blem in geographical distribution, because it will be 
much more simple to recognise three forms of ZB. 
flava: the ordinary one breeding in Europe and win- 
tering in Africa; an Eastern form, &. /ewcostriatus, 
breeding in Eastern Siberia and wintering in the Malay 
Archipelago ; and a central one, ZB. deema, breeding in 
Siberia and wintering in India. At present we have fully 
recognised the latter, whereas the European and East 
Siberian birds appear to be identical, though possessing 
well-defined breeding and wintering habitats, with the 
Central Siberian bird interposed as regards its breeding 
and winter range. Our synonymy of the Pied Wagtails 
in the “ Catalogue of Birds” does not appear to be quite 
the same as Dr. Stejneger’s, but the ground has now been 
cleared for Mr. Nicholson or the next bold man who 
makes the JMotacil/ide a special study. The problems 
concerning the Wrens of the East which our author pre- 
sents us with require careful consideration, and show 
that these representative forms cannot be disposed of in 
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the off-hand way recently attempted by Mr. Dresser. Let 
no ornithologist neglect to study the “ Conclusions ” with 
which Dr. Stejneger finishes his work, as there are some 
admirable critical notes ; and in conclusion we congratu- 
late America on having gained from Europe such a thorough 
worker as the author of this volume shows himself to be. 
We have perused every page of his “ Review ” with interest, 
only regretting that our series of Kamchatkan birds is so 
poor in the British Museum that we have not been able 
to study, as we should have liked to do, with the speci- 
mens in our hands. 

The bulky volume entitled a “Report of the Inter- 
national Polar Expedition to Point Barrow, Alaska” con- 
tains 24 pages of ornithology, by Dr. Murdoch, and many 
excellent notes on the birds are given. The chief interest 
centres round Ross’s Gull, of which the Expedition “ suc- 
ceeded in obtaining a large series—more, in fact, than 
there were before in all the museums of the world put 
together.” Coloured figures of the adult and young are 
given. So, slowly but surely, are the great desiderata of 
bird collections being rendered available for science. 
Only a few months ago this Gull was reckoned one of 
the greatest prizes to be obtained, and now we not only 
know the immature plumages, but something of its migra- 
tions and habits. Its previous rarity may be imagined from 
the fact that until the present year no specimen existed in 
the British Museum, where now, thanks to the liberality 
of Mr. Henry Seebohm, a fine adult bird is exhibited. 

Our colleague, Mr. A. G. Butler, has varied his ento- 
mological pursuits by publishing a little work on British 
Birds’ eggs,! the figures of which he has drawn himself; 
and he has shown himself as capable a draughtsman of 
eggs as he is admitted to be of Lepidoptera. The plates 
bear evidence of the difficulty which the author has ex- 
perienced in mastering the shadows of the objects, as 
several plates are differently treated in this respect ; and 
perhaps it would have been better if Mr. Butler had re- 
drawn some of the earlier plates which did not satisfy 
him. The chromolithography, for which Messrs. Mintern 
are responsible, is certainly on the whole satisfactory, and 
may be found available for this kind of illustration, 
though we notice a tendency to heighten the colour, 
which in our opinion has hitherto proved an obstacle for 
the employment of the process as regards birds them- 
selves. The figures of the eggs are, however, undoubtedly 
good, and no book yet published in this country shows in 
a better degree the variation in form and colour which 
eges are subject to. In this respect Mr. Butler’s little 
work will be useful to all oologists, and it can confidently 
be recommended to the young beginner as a hand-book, 
The letterpress is too short for a complete account of the 
nidifications of the birds, but contains a good deal of 
information in a narrow compass. 

An “Oxford Tutor” in his little work, “ A Year with 
the Birds,” discourses pleasantly enough about his fea- 
thered favourites ; and whether in the classic grounds of 
a college garden or in the mountains of Switzerland shows 
himself an observant student of Nature. We have read 
this book with considerable pleasure, and it has carried 
us back in memory to many such scenes as the author 
describes, though we have lacked his easy facility of 
recording his experiences. As he is interested in migra- 
tion, we recommend his spending an autumn holiday on 
the milder parts of the south coast, where he may really 
meet with a “flock” of Blackbirds, and even of Robins 
and Hedge-sparrows. So keen an observer will find 
scope for his energy in the unravelling of some of the 
difficult problems which yet surround the study of some 
of our British species, and we may venture to point out 
to him one or two facts which have occurred to us during 
the perusal of his book. Thus, when he speaks of the 
Wheatear in Switzerland (p. 61) as “an English species,” 

I «British Birds’ Eggs: A Hand-book of Biitish Oology.” By A. G. 
Butler, F.L.S. 8vo. (London, 1886.) 
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we want to know whether it is the large or the small form 
which he met with. Again, on p. 73, when he talks of 
the “sheet of water or marshy ground which might attract 
the waders and sea-birds so commonly found near Ox- 
ford,” is it not the east wind which drives the latter along 
the course of the Thames, rather than any peculiar at- 
traction of the country near Oxford? The fact of the 
Cuckoo carrying her egg in her bill for deposit in the 
nest of her victims is now universally admitted ; but 
what concerns ornithologists is the greater or less re- 
semblance of the egg deposited by the female Cuckoo to 
the eggs of the foster-parents which she selects to bring 
up her young. The Spotted Flycatcher has undoubtedly 
a song (p. 83), but it is a poor affair, and is heard only, 
according to our experience, at daybreak. It is true that 
the Green Sandpiper (p. 86) has really only the legs 
greenish, but the reason of the perpetuity of the name to 
which our author objects, is because Linnzeus called the 
species ochrofus, and the name adopted by the older 
English writers was the Gree Sandpiper, which has been 
handed down to the present generation, as is also the case 
with the Grey Wagtail. The author knows his “ Dresser” 
and his “ Harting,” but he can learn something of the 
affinity of Robins and Redstarts (pp. 88, 101) from Mr. 
Seebohm in the British Museum “ Catalogue ” (vol. v.), or 
in his “ History of British Birds.” The little essay on the 
“Birds of Virgil” is most interesting, especially with 
regard to the A/cyon, which, we agree with the author 
and his authorities, was probably zo¢ our Kingfisher, 
though the presence of the latter on the sea-shore in 
some numbers is a fact at the season of the autumn 
migration, We offer these few remarks to the author as 
points of further study on which we should be glad to 
have the observations of a true naturalist, such as he 
evidently is. 

The Rev. Gregory Smart has recently published a little 
book on the ‘ Birds on the British List,” which is a 
critigue on the list issued by the British Ornithologists’ 
Union, which he collates with the works of Mr. Dresser, 
Mr. Seebohm, and the fourth edition of ‘ Yarrell.” The 
book is disfigured by a slovenly style of writing, for 
which the printers’ errors can scarcely account, and this 
is the greater pity, as the author’s intentions are good, 
and he scores distinctly on several occasions when dis- 
secting the evidence on which some birds are admitted to 
the British List while others are rejected ; but the Eng- 
lish in which he endeavours to record his conclusions 1s, 
to say the least of it, a little mixed. The author con- 
fesses to “having had but little experience,” and it would 
therefore have been better to have restricted himself to 
the main object of his book, viz. the criticism of the 
evidence on which some species are retained or re- 
jected in the works above alluded to. When he gets 
outside the boundary of his crztégue, he talks in some 
instances simple nonsense, as in his remarks on the 
Gold-vented Bulbul (p. 18). Mr. Dresserand Mr. Bidwell, 
in aiding and abetting Mr. Smart in his hap-hazard identifi- 
cation of his Bulbul’s egg, could scarcely have expected the 
punishment of having their rash opinion published to the 
world. On p. 41 some more nonsense appears about 
Anthus ludoricianus and A. campestris being conspecific ! 
The author would seem to be unaware that ‘‘ Ungaru” 
is generally spoken of as “ Hungary ” by English writers, 
and that ““Los Angelos Cala” is a locality which will 
puzzle many an “inexperienced” collector for whose 
benefit Mr. Smart professes to write. We would advise 
the author, before publishing another book, to get some 
friend to look over his manuscript for him, as a good 
deal of the difficulty of unravelling the meaning of his 
sentences would have been avoided by a simple attention 
to stops and commas, which is not too much to 
expect from a “late Scholar of Trinity College, 
Cambridge.” 

R. BOWDLER SHARPE 

SOLAR PHYSICS} 

M OST of our readers are aware that the sun, as con- 
structed by Zéllner, was a white-hot, liquid body, 

that its spots were scoriaceous products of local cooling, 
and that its atmospheric circulation was closely modelled 
upon the terrestrial, with trades and anti-trades, an 
equatorial belt of calms, land- and sea-breezes, the last 
due to the contrast of temperature between the slag- 
islands constituting spot-nuclei, and the incandescent 
ocean in which they floated. On these lines M. Schulz 
has reared a solar edifice out of materials to a large 
extent new. Sixteen additional years of results in one of 
the most rapidly progressive branches of modern physi- 
cal astronomy, give him an advantage over his prede- 
cessor, utilised to the utmost in modifying, extending, and 
generalising views of which he is the intrepid, though 
not blind, partisan. The upshot, we venture to assert, is 
to prove them wholly untenable. If M. Schulz’s inge- 
nious advocacy fail to recommend them, their inherent 
weakness must be great. Our readers shall judge for 
themselves of its success. 

In the work before us it is undertaken to account for 
the whole array of solar phenomena, from the conserva- 
tion, through long geological ages, of the solar activity, 
and its cyclical fluctuations, to the production of a pore 
ora facula. With this alluring prospect in view we are 
invited to regard the sun as a liquid globe composed of 
unknown substances, glowing at a temperature some- 
where between 10,000° and 20,000°C. Although the 
heat rises towards the centre by a very low gradient, the 
inequality suffices to insure the distribution of the loss by 
radiation throughout the bulk of the globe, vertical con- 
vection-currents carrying down the cooler and heavier 
outer layers, and replacing them with hotter and more 
buoyant materials from the interior. Thus the danger is 
averted of the light-and-heat-giving career of our lumin- 
ary being brought to a premature close by the untimely 
formation of a crust. The relative permanence of that 
career is further secured by the application to a liquid 
sun of Helmholtz’s gravitational principle of the main- 
tenance of solar heat. 

The extensive atmosphere surrounding this molten mass 
is composed mainly of the unknown gas emitting Kirch- 
hoff’s “1474” line. This, in M. Schulz’s opinion, is the 
primitive and simplest form of matter. Its atoms, many 
times lighter than those of hydrogen, are the fundamental 
units by the various aggregation of which the atoms of all 
other substances whatscever are constructed. It plays, as 
we shall presently see, a very important part in the solar 
economy devised by our author. The solar supply of it 
is on a prodigious scale, since it fills, mixed with small 
percentages of hydrogen, helium, and metallic vapours, 
the vast spherical shell visible during total eclipses in the 
form of a “corona.” 

In the lowest strata of this gaseous envelope the photo- 
sphere hangs suspended at a height of a few thousand 
miles above the real surface of the sun. Its structure 
resembles that of our cirrus-clouds, only that metallic and 
incandescent condensing particles are substituted for 
aqueous frozen ones. The Fraunhofer absorption M. 
Schulz brings about by the customary machinery of the 
“reversing layer,” regardless of the growing objections 
on the part of leading solar physicists to its exclusive em- 
ployment in that capacity. Indeed the details of spectro- 
scopic evidence scarcely receive from him the minute 
attention they deserve. Mr. Lockyer’s researches on 
“lines widened in spots” give an example of the kind 
of work that has henceforth to be done on the solar 
spectrum. Summary explanations of its phenomena no 
longer suffice. Each one of its thousands of dusky rays 
has an individual story to tell, well worth the trouble of 

Von J. F. Hermann Schulz. Separatabdruck t “Zur Sonnen-Physik.” Z c 
(Leipzig: W. Drugulin, aus der Gaea, Bande xxi. und xxii., 1885-86. 
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inquiring into. Each has its own significance, and might 
be made the subject of a separate, and not unfruitful, 
study. 

Prominences and spots are, by our author, connected 
together as cause and effect, but in the inverse order of 
their probable occurrence. There are strong grounds for 
the belief that the initial disturbance is that which occa- 
sions a spot, eruptive appearances ensuing consequentially. 
But, if M. Schulz’s account of the matter were correct, no 
spot could arise without an introductory display of spon- 
taneous and preliminary flames. Prominences, in his 
scheme, are composed exclusively of the green coronal 
gas “1474.” It is true that in the spectroscope lines of 
hydrogen and helium are visible, but their meaning, we 
are told, has been misinterpreted. They take their origin, 
not from the body of the prominence, but from the glowing 
sheath with which the resistance of the solar atmosphere 
to its upspringing encompasses it. This surprising con- 
tention refutes itself. The implied resistance would, in a 
few seconds, shatter into inconspicuousness the rushing 
volumes evoking it. ‘‘ Quiescent prominences,” more- 
over, would on this theory be impossible; yet they are 
often plainly visible, for weeks together, in virtually un- 
changing forms ; to say nothing of spectroscopic incom- 
patibilities, too obvious to need dwelling upon. 

The mechanical power consumed in the projection up- 
wards of these bodies is derived from the expansive force 
of gas escaping from tremendous pressure. In dilating, 
however, it loses heat, and at such a rate that by the time 
the pressure upon it is reduced from ten million terrestrial 
atmospheres to one tenth of an atmosphere, its tempera- 
ture has fallen from 12,000° to — 216° Centigrade. The 
ensuing condensation to the liquid and thence to the 
solid state brings about a fall of “1474 snow” upon the 
photosphere. When the shower is a light one, a “ pore” 
is the consequence ; when it is heavy and long-continued, 
the cold falling matter reaches the liquid sheet beneath, 
a group of “slag-islands” is formed from the chilly con- 
tact, and a spot becomes apparent to distant onlookers. 
The overlying photospheric clouds then arrange them- 
selves, under the influence of atmospheric currents, into 
the characteristic funnel-shape of the penumbra, at the 
bottom of which lies the obscure solid nucleus, more or 
less veiled in dense absorbing vapours. 

Improbability raised to an infinite degree becomes im- 
possibility ; and we may safely assert that that degree 
has here been reached. Criticism is silent in the presence 
of a supposition so fantastic as that of a substance pre- 
sumably far less condensable than hydrogen existing 
frozen in the very depths of the thrice-heated furnace of 
the sun. 

So much for prominences and spots : we now come to 
facule. They are regarded by M. Schulz as mere optical 
effects of irregular refraction in the agitated vicinity of 
spots. Yet the plainest ocular proof of their being real 
elevations above the general level of the photosphere is 
afforded by their not unfrequent visibility as projections 
from the smooth border of the limb, as well as by Dr. 
De la Rue’s relief-pictures obtained by the stereoscopic 
combination of photographs. 

The (not undisputed) higher equatorial temperature of 
the sun supplies M. Schulz, as it supplied Zollner, with a 
“ trade-wind ” circulation, by means of which the retarded 
transport of spots remote from the equator are, with some 
difficulty, accounted for. Their slight displacements in 
latitude prescribe the mode of the sun’s bodily circulation. 
A stupendous system of vorticose currents—set going by 
differences of specific gravity through surface-cooling—is 
disposed so as to impel such objects slowly towards the 
poles from about 15° of north and south latitude, while 
minor equatorial whirlpools give the observed opposite 
drift within those limits. But such an arrangement, even 
were it otherwise possible, would reverse Carrington’s 
noted law of solar rotation, the angular rate of which 
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would, under the supposed circumstances, guécken with 
advance poleward, while the maximum retardation would 
occur somewhere between ten and twenty degrees of 
latitude. 

This rolling movement from within outward of the 
entire substance of the liquid solar globe, save a small 
dense nucleus, serves, however, a further purpose. It 
explains the spot-period. 

The occurrence of spots, it must be remembered, de- 
pénds primarily upon the escape of “1474” gas (which 
we may designate “coronium”) from the interior. But 
how does it get there? M, Schulz’s reply is to the follow- 
ing effect. 

Coronium has a powerful affinity for a certain hypo- 
thetical solar constituent described as “ spot-stuff.” In 
middle and high latitudes a temperature as low perhaps 
as g000° C. permits combination which accordingly takes 
place freely over a vast area. Huge masses of a com- 
pound of coronium with “spot-stuff” thus enter into the 
general circulation, and are gradually carried down to 
depths where a temperature enforcing dissociation is en- 
countered, giving rise to the formation, under enormous. 
pressure, of gigantic bubbles of pure coronal gas. By 
their variously-conditioned outbursts these finally occasion 
prominences and spots, which are more or less numerous 
according as the distribution of ‘“‘spot-stuff” is more or 
less plentiful. Admitting some degree of permanence in 
its localisation, and assuming that the great vortices. 
whirl once completely round in eleven years, the spot- 
cycle is established. The equatorial spot-and-prominence 
minimum finds its va¢zona/e in the higher temperature 
by which the occurrence of chemical association in any 
part of the separate equatorial vortices is prohibited. 
We have endeavoured, while omitting details which it 

would be waste of time to dwell upon, to do no injustice 
to M. Schulz’s ideas in our brief sketch of them. Yet it 
is difficult to treat them quite seriously ; and we confess 
to a feeling of regret in seeing a writer of M. Schulz’s 
ability and acquirements apply them to the elaboration of 
so baseless a series of hypotheses—baseless in this sense, 
that they rest upon a number of postulates which few 
will be disposed to allow. With sufficient liberality of 
assumption almost anything can be explained on any 
desired principles. But this is just the kind of supply 
which a prudent investigator is most chary of granting 
either to himself or others. For its misuse undermines 
the foundations of science, and involves in common dis- 
credit illusory theories and legitimate schemes of inductive 
reasoning. 

It is not without cause that solar physicists have 
adopted what M Schulz calls the “ gas-ball theory” of 
the solar constitution. A mainly liquid sun is for many 
reasons inadmissible. Ata temperature of 10,000° C. and 
upwards, to begin with, no substance known to us upon 
the earth can exist otherwise than in a state of vapour. 
Hence the necessity for having recourse to unknown ele- 
ments with preternaturally high boiling-points. But a 
theory of Nature built upon the unknown has, it must be 
admitted, no very secure basis. Further, the internal 
stores of heat of a liquid sun could not be made available 
at the surface. The heterogeneous materials presumably 
composing it would necessarily arrange themselves, in the 
order of their specific gravities, into a succession of shells. 
growing in density towards the centre, which no possible 
convection-currents would have power to disturb. The 
result would be the formation of a crust, and—so far as 
we can see—the speedy and final cessation of the radia- 
tive function of our luminary. 

Some of the points touched upon by M. Schulz are of 
great interest, and we cannot but feel grateful to him for 
emphasising them, however little we agree with his 
methods of elucidation. He shows, for instance, that an 
atmosphere of hydrogen could not, on any probable 
assumption as to temperature, extend much more than 
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3000 kilometres from the photosphere without producing 
an amount of pressure at its base which certainly does not 
exist. Yet the spectroscope tells us that incandescent 
hydrogen is actually present at a couple of hundred times 
that height. Norcan the anomaly be reconciled by sup- 
posing, with our author, the solar atmosphere to be chiefly 
composed of a very much lighter gas (“1474”), merely, 
as it were, adulterated with hydrogen. Even if we were 
satisfied to ascribe to “ coronium” an almost impossible 
degree of elasticity, it would not avail to lift the mingled 
hydrogen one inch above its natural level. The law of 
diffusion does not abrogate the law of gravity. Each 
gaseous ingredient of a mixed atmosphere obeys its own 
law of equilibrium, as if it existed alone. It is true that 
the anticipated thinning out of oxygen at great heights 
in our own atmosphere has not been experimentally veri- 
fied ; but the incessant agitation of the air is believed to 
mask an effect which should otherwise be perceptible. 

The action of a repulsive force, such as is visibly exerted 
on comets, has been invoked as a means of escape from 
this difficulty. The supposition has much to recommend 
it,and would remove a good deal of perplexity ; it is, 
besides, countenanced by the authority of Dr Huggins. 
But the more tempting it appears, the more severely it 
should be tested previous to its admission, on other than 
a provisional footing, among the theories of science. 

The slightness of resistance to motion in the solar 
neighbourhood is one among many indications of the 
extreme tenuity of matter there. Comets well-nigh graze 
the sun’s surface without experiencing perceptible retard- 
ation; and millions of cubic miles of hydrogen sweep 
onwards or upwards at rates up to 250 miles a second, 
almost as if 77 vacwo. Since both the moving substance 
and the medium are incandescent, the varying viscosity | 
of gases at high temperatures would claim attentive con- 
sideration in the matter, were it not that reliable data are 
unfortunately deficient. 

The rotational peculiarity of the sun may, however, be 
said to dominate the problem of its constitution. Three 
classes of explanation are possible, and have found various 
degrees of favour. 
matter upon the photosphere, by the ascent of matter 
from beneath it, or by surface-currents. The last was the 
theory of Zéllner, and has been inherited from him by M. 
Schulz, but may be dismissed without hesitation as con- 
tradictory of known facts. M. Faye’s hypothesis of ver- 
tical currents bringing up with them a smaller linear 
velocity is more plausible, but needs peremptory treat- 
ment to fit it to the required shape. It is remarkable 
that M. Belopolsky has lately deduced theoretically, on | 
some not improbable assumptions, Sp6rer’s empirical 
formula of the diminishing rate of the sun’s rotation north 
and south from his equator (see NATURE, vol. xxxiv. p. 54). 
The coincidence is striking ; but it must not mislead us. 
It is not enough that a cause be true; it must also be 
sufficient. Is there any likelihood of its being such in 
this case? We apprehend that the effects, even sup- 
posing them realised to the full, would be microscopic 
compared with those actually observed. If we take the 
mean density of the sun at double its superficial density 
(an outside admission), the maximum of gravity will occur 
below the surface, at a depth of one-sixth of the radius, and 
there the ¢heoredica/ rotation-period comes out, by a rough 
calculation, about twenty-two days. But this period is 
not in reality complied with. The tremendous hindering 
power of friction intervenes. It occurs on paper only, 
and belongs even there but to a single stratum. The 
effects in superficial acceleration must be quite incon- 
siderable. 

Acceleration from below failing, we turn to acceleration 
from above. And it has to be borne in mind that the 
mode of the sun’s rotation is inferred from the movements 
of spots, and from them alone. But if spots be due, as 
generally supposed, to vaporous down-rushes, they must 

It may be produced by the fall of | 

share in the augmented velocity brought by the materials 
forming them from regions of wider circumference ; and 
this theoretical necessity is confirmed by the characteristic 
plunge forward attending the sudden development of these 
objects. If we assume further that the height of fall, con- 
sequently the added linear velocity, diminishes pro- 
gressively with distance from the equator, the phenomena 
of spot-transport in longitude are satisfactorily accounted 
for. Just such a graduated elevation of the sources of 
spot-supply forms an integral part of Mr. Lockyer’s 
“ meteoric-ring theory” of sunspots, communicated to the 
Royal Society in May last (NATURE, vol. xxxiv. p, 251). 
The line thus struck out, however it may be modified by 
future experience, seems to lead, more naturally and easily 
than any other yet tried, to the solution of the problem 
of the sun’s apparent rotation. A. M. CLERKE 

THE NEW OPTICAL GLASS 

VERYTHING that falls from the pen of Prof. Abbé 
of Jenarelating to optical matters commands respect. 

His announcement therefore of the discovery of new 
kinds of glass specially adapted for the manufacture of 
lenses has been received with peculiar interest; and 
although details of information on various points are still 
wanting, enough has been published respecting the new 
optical glass to be worthy of more than passing notice. 

All who have had anything to do with optical instru- 
ment-making know only too well the existence of the 
defect termed “irrationality of dispersion.” When Hall 
and Dollond had independently shown that the chromatic 
dispersion of a crown glass lens might be corrected by 
combining it with a second lens of flint glass, a new 
impetus was given to optical research. The so-called 
“achromatic” lens in the hands of successive generations 
of opticians constituted the basis both of the modern 
microscop2 and of the modern telescope. But as greater 
and greater perfection in the construction of the “ achro- 
matic” lens was attained, it became apparent that perfect 
achromaticity was very far from being realised; for 
though two lenses might be found which should perfectly 
bring together two widely differing rays, such, for ex- 
ample, as the red of the line C of the spectrum and the 
blue of line G of the spectrum, it by no means followed 
that this pair of lenses would bring together to the same 
focus all other rays. On the contrary, owing to the 
“irrationality” of dispersion a “secondary spectrum” 
would always remain uncorrected 

The relation between the chemical constitution of a 
medium and its action on waves of light of different 
periods is one of those matters about which we are still 
profoundly ignorant. We know that a prism of glass 
does not spread out the waves in proportion to their 
wave-length, or to the frequency of their periods. A 
simple case of irrationality is afforded in the fact that a 
green ray which when viewed through one prism may lie 
exactly half-way between C and G in the spectrum will 
not lie exactly half-way when viewed through a prism of 
a different kind of glass. All that a combination of two 
lenses can do is to achromatise for two rays of the spec- 
trum: it may very nearly achromatise for the neigh- 
bouring rays, but strictly speaking it only achromatises 
for two. For ordinary optical purposes we seek to 
achromatise for the red and the blue, so reconciling the 
end regions of the visible spectrum. For photographic 
purposes we achromatise for green and violet (or even 
ultra-violet) rays, reconciling the end regions of the 
photographically active spectrum. 

To Dr. Blair, whose observations were published in the 
Transactions of the Royal Society of Edinburgh for 1791, 
we owe the suggestion to achromatise for three rays by 
using compound lenses of three different media. Blair, 
indeed made a most extensive examination into the dis- 
persive powers of various media, and in particular of 
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liquid media, which he proposed to use in his compound 
lenses ; a fluid lens being formed in a cavity between two 
lenses of glass. He also suggested combinations of two 
or more fluid lenses. He found that in the spectrum of 
hydrochloric acid the green rays lay much nearer the 
violet than in the spectra of most metallic solutions ; and 
he proposed to use the chlorides of antimony and of 
mercury in various proportions along with hydrochloric 
acid, or with sal-ammoniac, in order to obtain a fluid 
which, while having a different absolute dispersion from 
crown glass, should have its relative dispersion or relative 
distribution of the rays of different colours proportionately 
identical throughout the spectrum.  Blair’s object-glasses 
for telescopes, though regarded at the time as of singular 
merit, never came into use. The only recent serious 
attempt to revive a triple lens for approximating to a cor- 
rection of the secondary spectrum by achromatising for 
three rays has been that of Prof. C. S. Hastings, of Yale, 
who has used three kinds of glass. 

What Blair proposed to effect with his liquid combina- 
tions Prof. Abbé claims to have now achieved by his dis- 
covery of new kinds of optical glass. To Abbé we owe 
the remark that, in addition to the secondary chromatic 
aberration of our so-called achromatic lenses, there exists 
a second defect, termed by him the chromatic difference 
of the spherical aberrations. ‘This term he uses to denote 
the fact that with the crown and flint glasses used by 
opticians, though the curves of the lenses be calculated 
to correct the spherical aberration, taking in each case 
the mean refractive power, there will be a slight 
residual spherical aberration for all rays not of mean 
refractive index; the lens being spherically under cor- 
rected for red rays and spherically over-corrected for 
blue. 

Having realised so far back as 1880 that these defects 
were inherent in the use of such glass as opticians had at 
their disposal, Abbé determined to make a resolute 
attempt to discover new kinds of glass which should be 
free from these vices. The research involved no less a 
field of work than the examination of the optical pro- 
perties of all known chemical substances which undergo 
vitreous fusion and solidify in non-crystalline transparent 
masses, together with a detailed comparison of their 
physical and chemical properties. The work was begun 
so far back as January of the year 1881 by Prof. Abbé 
and his coadjutor, Dr. Schott, then of Witten in West- 
phalia, now of Jena. Dr. Schott undertook the chemical 
portion and the melting processes ; Prof. Abbé and: his 
assistant, Dr. Riedel, conducted the optical examinations 
of the products. At first only small quantities, from 20 
to 60 grammes in weight, were melted at once ; all kinds 
of chemical elements being tried with the view of ascer- 
taining their influence on the refractive and dispersive 
powers. Not only were glasses of ordinary kinds having 
silicic acid for their chief constituent tried, but also glasses, 
resembling Faraday’s famous “ heayy-glass,” made from 
boric acid and also phosphoric acid. So, by the end of 
1881, a series of fundamental facts in chemical optics 
were gathered together for future use. The next point 
was to use these chemical researches as the basis for the 
production of real glass possessing the necessary quali- 
ties of hardness, colourlessness, and unalterability. To 
carry out this work, Dr. Schott moved to Jena early in 
1882, and set up a special laboratory for scientific glass- 
making with proper blast-furnaces, and smelting-pots in 
which quantities of 10 kilogrammes could be melted 
at once. Until the end of the year 1883 this research- 
laboratory was occupied almost exclusively in working 
toward the solution of two practical problems. The first 
of these was the production of pairs of kinds of flint and 
crown glass, such that the dispersion in the various re- 
gions of the spectrum should be, for each pair, as nearly 
as possible proportional. The object of this was to per- 
mit of a higher degree of achromaticity than hitherto 

possible, by diminishing the secondary colouring effects 
inseparable from the irrationality of the ordinary silicate 
flint and crown glasses. The second problem was the 
production of a greater multiplicity in the gradations of 
optical glass in respect of the two chief optical constants, 
the index of refraction and the mean dispersion. Though 
this has not generally been regarded as an important 
need in optics, it was considered by Prof. Abbé and Dr. 
Schott as of quite equal importance to the first. For the 
silica glasses hitherto used constitute, according to their 
composition, a simple series, from the lightest crown to 
the densest flint, in which, with an increase in refractive 
index, there is practically always an increase in the mean 
dispersion. But there is no doubt that for many pur- 
poses of practical optical instrument-making, particularly 
in the designing of optical combinations for special pur- 
poses, it would be a great benefit for the optician to have 
at his command other kinds of glass in which the refrac- 
tion and dispersion are not related in the way in which 
they are in the silica glasses ; for example, a glass having 
great refraction and small dispersion. Hence the multi- 
plication in the available kinds of optical glass opens 
out new possibilities of great practical moment. Pending 
the publication of these very valuable scientific investiga- 
tions, only a very brief account can be given of the actual 
results. The first problem has been satisfactorily solved, 
with the result that achromatic lenses of a much more 
perfect kind than has ever been attainable are now in the 
market ; and the second has also been successfully car- 
ried out, a whole series of new glasses of graduated proper- 
ties having been introduced into the optical trade. 
Down to the autumn of 1883 the matter was one of syste- 

matic scientific research ; but at that date, encouraged by 
the substantial fruit borne by the investigations, a further 
step was taken. In conjunction with the brothers Dr. 
Carl Zeiss and Dr. Rod. Zeiss, of Jena, whose names are 
household words to every microscopist, a commercial 
enterprise was set on foot for establishing a new glass- 
foundry. This establishment, which, under the style of 
Schott and Company, has been at work since the autumn 
of 1884, produces glass of all kinds, old and new, on a 
large scale. ‘The first application of the new glass to the 
microscope comes naturally from the famous firm ot 
Zeiss. To his new microscope lenses Prof. Abbé gives 
the distinctive name of afochromatic objectives. He 
claims for them great superiority in the. finer qualities of 
definition, the new dry apochromatic lens giving an image 
equal to that of an ordinary achromatic water-immersion 
objective. He also claims that the more perfect correc- 
tions permit equal magnification to be obtained by using 
a longer-focus objective with an eye-piece of higher power 
than hitherto has been usual, thus obviating some of the 
difficulties of very short-focus objectives. Moreover the foci 
for visible and for photographic purposes are identical. 
Special compensating eye-pieces have been also devised 
for use with the new apochromatic objectives. 
Whether these new appliances are found to fulfil under the 

test of experience all that their inventor claims for them re- 
mains yet to be seen ; but it cannot be doubted that a great 
step has been taken. It ought also to be recorded to the 
credit of all concerned that no attempt is being made to 
secure to one firm a monopoly of the new materials, but 
that the new optical glass is offered to the optical trade 
without any restriction or patent to stand in the way of 
further development. Nor less honourable or significant 
is it that the researches of the “ Glass-technical Labora- 
tory” of Jena should have been supported by a very 
liberal and several times repeated subvention from the 
Prussian Government. Such a result arising from the 
endowment of research makes ample answer to the easily- 
uttered assertion that such endowments, if given, would 
be wasted on useless fancies and trifling schemes. We 
sincerely congratulate Prof. Abbé and Dr. Schott on the 
completion of their most meritorious labours. 
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THE GERMAN NAVAL OBSERVATORY} 
T will be remembered by our readers that in the spring 

of the present year a review of the sixth yearly Re- 
port of the German Naval Observatory at Hamburg was 
given (NATURE, vol. xxxiii. p. 411), in which the objects 
and the general system of working in the several depart- 
ments, as well as some special papers on subjects con- 
nected with the Cbservatory, were noticed. 

In this, the seventh yearly Report, there is the same 
evidence of the progress of useful work in all departments described in the first of the four papers which it contains, 
but not requiring special remark. In Paper No. 2, how- 
ever, there is a detailed account of the building in which 
this work is carried on, and a general description of the 
instruments employed, which can hardly fail to be of 
interest even to those who may have personally visited 
the Observatory. 

The traveller approaching the docks of Hamburg by the Elbe, will see a square sandstone building in the Renaissance style situated on an eminence which rises abruptly 100 feet above the river, between Altona and Hamburg. This is the Naval Observatory, in an excel- | lent position for observations, and commanding an exten- 
sive view of surrounding objects for many miles, close to the shipping for the welfare of which it was chiefly esta- 
blished, and as it were inviting the commanders to come and partake of the advantages held out to them. The main 
building—which in plan forms a hollow square, and con- sists of a basement, ground floor, and two stories above, with ample internal galleries and staircases for commu- 

and completed in October 1881, 
the lower rooms having 
month by the Emperor of Germany in person. 

Over the principal entrance, which faces towards the south-west, are three busts of well-known scientific worthies, that of Dove being in the middle, with Maury and Riimker right and left. The square inside the build- ing is roofed with glass, giving protection to the galleries and the Combe apparatus which occupies the floor, whilst it proves but a small obstruction to the light. 
A view from the north-west side of the building will be found on Plate 1, and on Plate 2 a plan showing the general disposition of the adjoining structures. 
Preceded by some historical references to the site now occupied by the Observatory—where fortifications for- merly existed—in pp. 5-12 will be found a description of the uses to which the various rooms are devoted, with references to the twenty-nine excellent plates, showing their size, and the mounting of the various instruments in them, both in elevation and plan. At each angle of the building there is a low square tower. On the western 

of these the anemometers and wind-vane are mounted, with electrical communications to the registering appar- 
atus. Inthe south tower is the apparatus for proving sextants, for which the known angles between well-defined 
distant objects are used, it being a rare occurrence for the latter to be obscured by fogs. A transit instrument occu- pies the eastern tower, and an alt-azimuth instrument the 
northern. 

From pp. 12-26 detailed accounts are given of the principal normal and self-registering instruments, the 
laboratory, the compass observatory, and the museum 
with its contents. Amongst the special apparatus a regis- 
tering rain-gauge is described at p. 27, with an illustra- tion ; this, with the sliding-weight barograph described on p. 29, was designed by Dr. A. Sprung. 

The magnetic pavilion in the garden is chiefly devoted to experimental determinations of the induction-co- efficients for various kinds of iron, and instruction to 
students in magnetism. 

a Naval Exhibition in 
been opened in the previous 

* © Aus dem Archiy der Deutschen Seewarte.” f e n VII. Jahrgang, 1884. Herausgegeben von der Direcktion der Seewarte. (Hamburg, 1886.) 

| of the observations made by Dr. 
"a voyage from Germany to Australia by 

Some remarks on the uses of the Combe apparatus, 
founded on information of a later date than that of the 
present Report, may possibly be of interest. A doubt has 
already been expressed (NATURE, vol. xxxiii. p- 411) as 
to the value of the effects produced on chronometers by 

| machinery for simulating the rolling and pitching motion 
of a ship at sea. This doubt has been confirmed by 
experience, and some additions have been made to the 
apparatus by which the effects of shaking such as might 
be caused by the racing of the engines on board ship or 
the blow of a heavy sea are introduced. These effects 
of shaking are clearly shown in the rates of the chrono- 
meters tried. 

As the Combe apparatus can be rapidly revolved by means of a gas engine, its uses have been extended to the trial of anemometers and the measurement of wind- 
pressure, the arrangements for which may be seen on 
Plate 18, and a description of the same on pD. 12-15. It is reported that the results obtained are satisfactory with the exception of minor effects on the anemometers caused by draughts passing through the arched openings to the adjoining corridor, but this is in a fair way to be 
accurately accounted for. 

In Paper No. 3, the course of instruction used by students at the Observatory on the mathematical treat- 
| ment of the deviation of the compass, with examples, is 
| shown in detail. A certain knowledge of mathematics 
and mechanics is required of the students preliminary to this instruction, but they have the assistance of Dr. Neu- mayer’s deviation model (NATURE, vol. xxxiii, p- 587) for cereale : : 0 | experimental illustration. nication with the various rooms—was commenced in 1879 | The formulae used are, with one exception, those of the Admiralty Manual for Deviations of the Compass, pub- 
lished in London in 1869. 

The exception will be found on pp. 29 and 30, where it may be seen that a new term is introduced into each of the equations representing the fore-and-aft and transverse magnetic forces of an iron ship. The object is to givea mathematical expression for the temporary changes which are produced in an iron ship’s magnetism when her course lies in a given direction for a few days, or even hours, under certain conditions—the change only becoming apparent on alteration of the course. The amount of change experienced depends upon the quality of the ship’s iron, the position of the compass, the length of time she is kept on the given course, the degree of shaking she is subjected to during that time, and is proportional to the earth’s magnetic force at her mean geographical position, The question is more fully discussed in the Aychiz der Deutschen Seewarte for 1879, No. 4, where some values of the changes denoted by the constants / and l’’ for certain ships are tabulated, but these values are dependent on so many contingencies, that nothing but carefully-conducted observations systematically made for each ship can give exact results. It may be remarked, however, that from results of the kind just described properly analysed, much 
useful information might be deduced and furnished to iron vessels proceeding on a voyage, as to the probable changes in their magnetism under various conditions. 

The general rule at present is to depend entirely on observations of the deviations of the compass and their registration for future guidance when observations can- not be obtained. There is much to be said in favour of this rule, but there is also much to be hoped for from the more scientific treatment. It may be added that as similar results are often obtained in vessels of like types of construction, the analysis of observations from many vessels is much to be desired for the guidance of com- manders of vessels starting on their first voyage, possibly, in weather when objects on land or in the sky are 
invisible. 

In the fourth and concluding paper an account is given 
Richard Neuhauss during 

the Suez Canal 

tir We ew 
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route, returning by New Zealand, Samoa, the Sandwich 
Islands, San Francisco, and New York. The observa- 
tions relate principally to barometrical heights, tempera- 
ture of air and sea, moisture of the atmosphere, and twi- 
light phenomena, including zodiacal light, whilst passing 
through the Red Sea and tropical portions of the Indian 
and Pacific Oceans. 

Although in previous yearly Reports Dr. Neumayer has 
published much information respecting the internal work- 
ing, aims, and results of the Observatory he so ably 
directs, it is only from the perusal of this seventh Report 
that a full idea of the pains which Germany has taken on 
behalf of her sea-going population, in building and 
equipping at considerable expense the noble Naval 
Observatory at Hamburg, can be obtained. It should 
also be remembered that there are several minor affiliated 
institutions in Germany of like intent. 

THE INSTITUTION OF MECHANICAL 
ENGINEERS 

Ae the recent meeting of the Institution of Mechanical 
Engineers, held in Leeds under the presidency of 

Mr. Jeremiah Head, a paper was read “ On Triple-Ex- 
pansion Marine Engines,’ by the late Mr. Robert 
Wyllie of Hartlepool. During the last few years the 
high-pressure triple-expansion engine has proved the 
successful rival of the double-expansion compound, and 
the object of the paper was to bring forward the results 
of recent experience with this new type of engine, and to 
consider briefly the various points which have a direct 
bearing on its efficiency, as well as the most suitable 
design for marine purposes. The general conditions of 
efficiency were stated to depend on the approximate 
equality in the range of temperature in each cylinder, 
in the initial stress on each crank, and in the indicated 
horse-power of each engine. As complementary to these 
are steam-jacketed cylinders and other matters which 
are first treated of. As regards steam-jackets, when in 
triple-expansion engines attention is paid to the equal 
division of the total range of temperature amongst the 
cylinders in which the successive stages of expansion 
take place, the benefits arising from the use of steam- 
jackets are naturally not so great as in single-cylinder 
engines with a high rate of expansion ; but however care- 
fully the triple engine may be designed, the jacketing of 
at least the intermediate and low-pressure cylinders is 
essential to maximum efficiency. The ratio of the 
cylinder capacities depends on the pressure of the steam 
and type of engine, the high-pressure cylinder being larger 
in proportion where large range of power and economy of 
fuel is not so important, as in war-ships as compared with 
cargo steamers. To obtain even approximate equality in 
powers, temperatures, and stresses requires the greatest 
care in designing the steam-passages throughout the 
engine, so that the velocities of the steam at the various 
points and the degrees of cut-off by the valves may be 
carefully proportioned. Too much care cannot be taken 
in the design of the steam-ports and exhaust-passages of 
the low-pressure cylinder. The ports should be as small 
as possible to reduce the clearance to a minimum, and 
the speed of the entering steam should not be so high as 
to cause excessive frictional resistance, nor that of the 
exhaust so high as to augment the back-pressure, and 
consequently the greatest efficiency is obtained when the 
revolutions and indicated horse-power are not required 
to vary to any great extent. Contracted or indirect 
exhaust-passages in the high-pressure and intermediate 
cylinders have the effect of causing a larger difference 
between the back-pressure on one piston and the initial 
pressure on the next, thus diminishing the efficiency of the 
steam. The cut-off necessary for the highest efficiency is 
governed to a great extent by the speed of the entering 
steam and the nature of the passages. In the interme- 
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diate and low-pressure cylinders, too high a velocity of 
the entering steam will produce excessive frictional re- 
sistance, causing adrop in the expansion-curve, as well 
as unduly high receiver-pressure, thus disturbing the 
equality of temperatures and of initial stresses. Some 
diversity of opinion has existed as to the order of 
sequence for the three cranks. The author considered 
the best sequence to be the high-pressure leading, low- 
pressure following, and intermediate last. As regards 
the number of cranks, the best design is to have two 
cylinders on each crank for a two crank engine on the 
triple-expansion system, as it is then possible to get an 
approximately equal initial stress on each crank, the 
arrangement necessitating one of the three stages of ex- 
pansion taking place in two cylinders instead of in one. 
A marine engine should be so designed that any working 
part can be easily examined or removed, the arrangement 
of cylinders on three cranks fulfilling the required con- 
ditions more nearly than any other design. The require- 
ments of a good valve-gear are, that it shall give at both 
ends of the cylinder an equal distribution of steam at all 
grades of expansion, with a minimum of working parts 
and no undue strains. The four principal methods are : 
by the single eccentric, by the double eccentric, by 
taking the motion from the connecting-rod, and by a com- 
pound motion derived from both the piston-rod and the 
connecting-rod ; all have their advantages and defects, 
and vary considerably in complexity and multiplicity of 
parts. A comparison of practical results with compound- 
and triple-expansion engines is in favour of the latter, as 
regards dead-weight carried, speed, indicated horse-power, 
and coal-consumption, the latter being so lowas 1°41 lbs. per 
h.p. per hour, proving this class of engine to be most effi- 
cient. The paper concluded with a reference to artificial 
draught for boilers, in the special arrangement described 
the air being heated both inside and outside the uptake, 
balanced fire doors being applied, which on being opened 
shut off automatically the hot air supplied by the fan 
both above and below the fire-bars. 

An important discussion followed the reading of the 
paper. Mr. Wm. Parker, of Lloyd’s, looked upon the 
triple-expansion engine as the engine of the future. Profs. 
Kennedy and Smith drew attention to the high initial 
pressures employed in the triple engine, 150 lbs. per 
square inch as compared with 75 lbs. per square inch in 
the compound engines being the cause of their higher 
efficiency ; and other speakers having drawn attention to 
special features in the designs, the further discussion of the 
paper was put off to the spring meeting of the Institute. 

Afterwards the President, by request, declared the 
Leeds Engineering School of the Yorkshire College open, 
and spoke in hopeful terms of the useful work it had 
doubtless before it. 

NOTES 
WE regret to have to announce the death last week of Dr. 

Guthrie, Professor of Physics at the Normal School of Science. 

WE understand that the Jardin des Plantes has acquired 
for its botanical collections the herbarium of Lamarck. We 
do not know under what circumstances this had travelled so 
fax from France. But until recently it was the property of Dr. 

Roeper, Professor of Botany in the University of Rostock. He 
incorporated it with his own herbarium, and the whole was 
purchased at his death by the University for 21,000 marks 
(1050/.). Lamarck’s plants have however been separated, and 

as we understand purchased by the French Government. 

Tue front and sides of the new building for the galleries of 
natural history in the Jardin des Plantes are now nearly com- 

plete. But it will be two years or nearly so before the interior 
and the fittings can be finished. The collections will then be 

moyed into the new portion, and the present galleries rebuilt to 
form the back of the square. The hollow interior will be covered 
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with a glass roof, and will thus be available for the reception of 
large objects. In the new front the mammals will occupy the 
ground-floor and the birds the gallery above. 

THE French National Museum has received a valuable col- 
lection of mammals obtained during M. de Brazza’s recent expe- 
dition in the Congo district. In it are examples of two new 
and well-marked species of monkeys of the genus Co/obus, and 
specimens of a very fine new Cercopithecus, allied to C. diana, 

which M, Milne-Edwards has named C. dvazz@. ‘There are also 

examples of several other mammals of considerable interest. 
Looking at these discoveries and others recently made in Somali- 
land, it is evident that the mammal-fauna of Africa is by no 

means yet exhausted. 

THE experiment has been tried at the Finsbury Technical 

College of giving free Saturday evening popular lectures and of 

afterwards allowing the visitors to see over the laboratories and 
workshops. The lectures were given by the Professors of the 

College on the following dates :—October 2, Prof. S. P. 

Thompson, D.Sc., on ‘* Waves of Light” ; October 9, Prof. J. 

Perry, F.R.S., on ‘‘Spinning Tops” ; October 16, Prof. R. 
Meldola, F.R.S., on ‘‘ Coal, and what we get out of it.” The 

concluding lecture was given on Saturday last, October 23, by 

Prof. Thompson, on ‘* Magnets and Electro-magnets,” the Lord 
Mayor taking the chair for the occasion. The numbers of visitors 

filling the lecture theatres on these occasions show that the 

movement has been appreciated by the public. 

Pror. FREDERICK McCoy, of the University of Melbourne, 

has been appointed a Companion of the Order of St. Michael 
and St. George. 

WE are glad to hear that the completed volume of the £‘Zoo- 
logical Record” may be expected before the end of the year ; 

the reports on mammals, birds, and reptiles were issued to 

subscribers six weeks ago, and those on insects are now ready. 

Two new botanical journals have recently made their appear- 
ance in Italy, named—according to the fashion of Linmea, 

Grevillea, and Heawigia—after the two distinguished botanists 

De Notaris and Malpighi. ‘Three quarterly numbers have now 
been published of Wotarista, a journal devoted to the interests of 

phycclogy, issuing from Venice, and edited by Sigg. De Toni 
and Levi. A very useful feature in this publication is the list, in 

each number, of the phycological literature, and the descriptions 

of all new species published during the quarter. J/alpfighia, of 
which the first monthly number is issued, edited by Sigg. Borzi, 

Penzig, and Pirotta, and published at Messina, is of a more 

general character. Besides reviews, short notices, and a biblio- 

graphy, it contains articles ‘‘On the Atomic Weights of Living 

Things,” by L. Errera; ‘‘On the Structure of the Nectaries of 
Erythronium dens canis,” by S. Calloni ; ‘‘ On Soredial Sporidia 

of Amphiloma murorum,” by A. Borzi; and ‘‘ Researches on a 

Species of Aspergillus,” by F. Morini. 

A CURIOUS custom of the natives of Java in the neighbour- 
hood of the Bromo volcano is recorded in the Straits Times of 
Singapore. It is said that whenever an eruption takes place, 

the natives, as soon as the fire (the molten lava no doubt is 

meant) comes down the mountain, kindle at it the wood they 

use as fuel for cooking. They keep in the fire thus made for 
years, and whenever it goes out through neglect, or for any other 

reason, they never kindle it anew from matches, but they get a 
light from their nearest neighbours, whose fire was originally 

obtained from the volcano. The fires in use up to the late out- 
burst in the native cooking-places were all obtained from the 

Bromo eruption of 1832. : 

THE issue for last year (No. 16) of the Hournadl of the Straits 
Branch of the Royal Asiatic Society does not contain much of 

specially scientific interest, although there are interesting papers 

on various subjects connected with the Malay Peninsula. Mr. 
Perham translates a very old and popular Dyak myth, and Mr. 

Hale, Inspector of Mines at Kinta in Perak, writes on mines 

and miners there. Some of the customs described are very 

curious. The Malay miner, the writer says, has peculiar ideas 
about tin and its properties. He believes that it is under the 
protection and command of certain spirits whom he considers it 

necessary to propitiate. He thinks the tin itself is alive and 
has many of the properties of living matter, that of its own 

volition it can move from place to place, that it can reproduce 

itself, and that it has special likes and dislikes towards certain 

persons and things. Hence he thinks it advisable to treat tin- 
ore with a certain amount of respect, to consult its convenience, 
and to conduct the business of mining in such a way that the 
tin-ore may, as it were, be obtained without its own knowledge. 

There is also an interesting vocabulary of the language of the 
Sulu archipelago, which is said to be a variety of the Bisaya of 
the Philippines. 

On Saturday M. Miclucho Maclay opened at St. Petersburg 

his small exhibition of ethnological objects from New Guinea 
and the Malay Archipelago in one of the halls of the Academy 
of Sciences, and delivered a lecture on Russian colonisation in 

New Guinea to the assembled visitors. 

Tue International Congress of Hydrology and Climatology 
met at Biarritz in the first week of October under the presidency 
of M. Durand Fardel. The number of members reached from 

800 to goo. 

THE National Fish Culture Association are constructing 2 
new hatchery, and making other improvements at their esta- 
blishment at Delaford Park, towards the expense of which they 
have received 200 guineas from the Fishmongers’ Company. — 
Donations have also been received from the Duke of Bedford, the 

Marquess of Exeter, Sir Albert K. Roilit, Mr. Mann, and others, 

towards the same object. : 

WE have received the report of the West Kent Natural 
History, Microscopical, and Photographic Society for the past 

year. The Presidential Address by the Rev. Andrew Johnson 

dealt mainly with the progress made in one branch of myco- 

logical science, the Aguricini, during the last twenty years, 
starting from the publication of Berkeley’s ‘‘ Outlines of British 

Fungology,” local Societies such as this are, we think, best 

judged by the local work they do, not by the lecturers they may 

succeed in getting to address them. 
men of eminence who will consent to address local Societies can. 

be obtained without very great difficulty if approached in the 
proper way, but to have good local papers a Society must have 

local members capable of good steady scientific work. In this 
respect the West Kent Society is not wanting, for the principal 
paper in this report is one by Mr. Spurrell, entitled *‘ A Sketch 
of the History of Rivers and Denudation of West Kent,” which 
is an exhaustive account of the geology of the neighbourhood, 

which may be presumed to be specially within the scope of the 
Society’s work. It occupies about fifty pages, and has a con- 
siderable number of plates and illustrations. 

Fro the Report for 1885 of the Australian Museum, Sydney, 
we learn that the Museum is open to the public from ro until 5 

o’clock (or in summer till 6 o’clock) on week-days, on Sundays 
from 2 o’clock to 5. The largest attendance on any one day was 
1686. The greatest Sunday attendance was 1230. The average 
daily number of visitors throughout the year was 264 on week- 

The total for the year was 126,512. days and 844 on Sundays. 
The collections are still being increased, by means of purchases, 
exchanges, and donations; also by collecting and dredging 
expeditions, A list of these additions, under separate heads, 

Good-natured scientific — 

a a is 
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is given in appendixes. Among these may be specially men- 
tioned presentations in exchange from the Royal Museum at 

Florence ; about 2009 Indian fishes from Dr. Day ; three whales, 

caught on the coast of New South Wales ; and sundry specimens 

of ethnology from the South Sea Islands, casts of natives of 
Micronesia and Polynesia, from Dr. Finsch, &c. A compass 
and collecting-jar belonging to Capt. Cook, purchased by the 
Agent-General and presented by the Colonial Secretary, are not 

without interest. Great alterations and improvements are still 
in progress, by the erection of additional glass cases. It is con- 
templated shortly to re-fit the old wing of the Museum with cases 

suitable for the mineralogical collections, which will then be 
exclusively placed there. Rooms have been fitted up for the 
osteological collections, which are now being removed thither 
from other parts of the building. The want of sufficient space 
in the present building for the constantly-increasing number of 

exhibits is still felt as a serious drawback to the usefulness of 
the Institution. The trustees are preparing a proposal for con- 
sideration by the Government, which, if adopted, will provide a 
useful and permanent extension now urgently required, at a 

comparatively small cost. Catalogues, not only of the various 
collections in the Museum, but also of all branches of Australian 

zoology, are still in course of preparation. The following new 

publications have been issu2d during the past year :—‘‘ Cata- 

logue of Hydroid Zoophytes” ; ‘* Catalogue of Echinodermata, 

Part I. Echini”; ‘Catalogue of Minerals.” Catalogues of 
Sponges and Medusz are in the printer’s hands ; and it is hoped 
that, by the liberality of the Government, the continuation of 
“*Scott’s Lepidoptera” will soon be commenced. 

A TELEGRAM from Srinagar, Cashmere, states that a 

severe and prolonged earthquake was felt there early on the 
morning of the 2oth inst. The damage caused is not yet 
known. Sharp shocks of earthquake were felt early on the 

morning of the 22nd at Charleston, Savannah, Augusta, 

Columbia, Orangeburg, Wilmington, North Carolina, and 

several other places. 

5 o'clock in the morning, and some sharp shocks followed at 
3 o'clock in the afternoon. No damage is reported to have been 

done. A shock was felt at Louisville in the afternoon. The 
shocks of earthquake felt in the evening were more severe than 
any that have been experienced since the great earthquake of 
August 31. The shock was severely felt at Summerville, where 

some persons were thrown down and slightly injured. Several 

geysers have appeared in the neighbourhood of that town. 

A CORRESPONDENT of the Z¢mes (October 21) who appears 

to have made a special study of Burmah, referring to the ethnology 

of that country, says that tradition points to three main streams 

of colonisation into Burmah. The northern sea-board, now 

known as Aracan, is said to have received its earliest population 
and polity from the Buddhist kingdoms of Bengal. The southern 
sea-board, or Pegu, with Rangoon as its modern capital, is sup- 
posed to owe its civilisation to settlers who crossed the sea from 

the Madras coast. The ancient kings of the inner country, 

which we call Upper Burmah, also claimed an Indian affinity. 
But, as a matter of fact, they and their people poured across the 
mountains and down the river valleys from the confines of China 

and Mongolia. These three prehistoric divisions have left their 
mark on the political geography of Burmah at the present day. 
Each of them has in turn advanced upon and crushed its neigh- 

‘ours, while the whole has been from time to time submerged 
by fresh avalanches of wild races from the north and east. 

NeExtT March the railway from Oran to Tunis a/@ Algiers and 
Constantine, will be completed, and will be between 800 and 
goo miles long. 

WE have received from Messrs. Goolden and Trotter a small 
illustrated pamphlet descriptive of their dynamos, which appear 
to be well-designed modifications of the familiar Gramme machine, 

The first shock of earthquake was felt at | 

| classes. 

lamps, and other appliances for electric light. The panphlet is also 
a price-list, and though with the latter feature we have nothing to 
do, we may remark on a curious and scientific innovation in stating 

the price of dynamos in a mathematical relation to their output, 
being, in fact, stated as 8/2. ros. per 1000 watts plus a constant 

of 25/. Trotter’s dioptric shades, which are another speciality 

of this house, are an example of a great improvement effected in 
acommon manufacture by the application of good geometrical 
and optical principles, and we have pleasure in noticing them 

on this account. 

THE additions to the Zoological Society’s Gardens during 

the past week include a Macaque Monkey (A/acacus cyno- 

molgus 3) from India, presentel by Mrs. H. Reader; two 

Green Monkeys (Cercopithecus callitrichus 6 9) from West 
Africa, presented respectively by Mr. J. W. Bacon and Mr. G, 

D. W. Ingham ; a Canadian Beaver (Castor canadensis 2 ) from 

Canada, presented by the Earl of Carnarvon ; a Crested Porcn- 

pine (/ystrix cristata Q) from Ceylon, presented by Mrs. E. 

Dunn ; a Grey Seal (Halicherus grypus 9) from the North 
Atlantic, presented by Mr. H. Overton; a Quail (Coturnix 

communis), an Asiatic Quail (Perdicula asiatica) from India, 

presented by Dr. A. Giinther, F.Z.S.; a Pig-tailed Monkey 

(MWacacus nemestrinus &) from Java, six Mute Swans (Cygnus 

oler), a Cormorant (Phalacrocorax carbs), British, deposited ; a 

Scarlet Ibis (Zudoctmus ruber), a Common Boa (Boa constrictor) 

from South America, received in exchange ; a Vulpine Phalanger 

(Paalangista vulpina), born in the Gardens. 

OUR ASTRONOMICAL COLUMN 

THE DISTRIBUTION OF THE STARS IN SCHONFELD’S 
‘© DURCHMUSTERUNG.”—The extension of Argelander’s survey 
of the heavens from the North Pole to 2° of south declination 
undertaken by his successor, Prof. Schonfeld, has recently been 
published, and contains the places of stars down to mag. Io, 
situated between 2° and 23° of south declination. Prof. Seeliger, 
in a paper entitled ‘‘ Ueber die Vertheilung der Sterne auf der 
Siidlichen Halbkugel nach Sch6nfeld’s ‘ Durchmusterung,’” pub- 
lished in the Proceedings of the Mathematico-Physical Section of 
the Bavarian Academy of Sciences, has discussed the question 
of the distribution of these stars. He divides the stars into eight 

Class I. contains those of mag. 1-675, Class II. those 
of mag. 6°6-7°0, and so on down to Class VIII., which contains 
stars of mag. 9°6-10'0. Prof. Seeliger then gives the number 
of stars in each class arranged in zones embracing 1° in declina- 
tion, and grouped by intervals of 4om. in R.A. ‘The totals for 
each class are: Class I. 1265, Class II. 1276, Class III. 1828, 
Class IV. 3516, Class V. 7601, Class VI. 18,633, Class VII. 
55,505, and Class VIII. 43,896. The total number of stars thus 
counted is 133,580, and adding to this 79 objects which are 
classified as nebulae or variables, there results the grand total 
33,659. This total agrees with the summation of the numbers 

given by Prof. Schénfeld. Comparing the results contained in 
this paper with those in a similar paper on the stars in Arge- 
lander’s ‘“‘ Durchmusterung,” Prof. Seeliger finds that, as far as 
Schénfeld’s work can be considered typical of the southern 
hemisphere as a whole (it must be remembered, however, thatit 
only embraces one-third thereof), the influence of the Milky 
Way on stellar distribution, at least for stars down to mag. 8, 
appears to be less marked for the southern than for the northern 
hemisphere. With regard to the question as to which hemi- 
sphere is the richer in stars, it appears that there is no decided 
difference shown by the two surveys under consideration. Re- 
ducing Argelander’s numbers so as to make them comparable 
with Schinfeld’s, and taking stars down to mag. 9 inclusive, we 
have for the former the total 34,324, and for the latter 34,119, a 
difference which may reasonably be a'tributed to accidental 
circumstances. 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1886 OCTOBER 31—NOVEMBER 6 

(igo the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 

is here employed.) ‘ 
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At Greenwich on October 31 

Sun rises, 6h. 54m. ; souths, 11h. 43m. 44°Is. ; sets, 16h. 34m. ; 
decl. on meridian, 14° 11’ S.: Sidereal Time at Sunset, 
1gh. 13m. 

Moon (at First Quarter on November 3) rises, 11h. gm. ; souths, 
15h. 35m. ; sets, 20h. om. ; decl. on meridian, 18° 56’ S. 

Planet Rises Souths Sets Decl. on meridian 
h. m. h. m h. m. a F 

Mercury 8 56 13,0 17 4 21 42S. 
Venus ... 6 3 II 14 16 25 ....aOmn7 S. 
Mars IO 44 14 32 18 20) <3. 24M, 
Jupiter... 5 14 1O.4I ... 16° 8 7) SSB 
Saturn .. 20 57* 4 SO c-s Qn ek 21 18N. 

* Indicates that the rising is that of the preceding evening. 

Occultations of Stars by the Moon (visible at Greenwich) 
Corresponding 

angles from ver- Nov. Star Mag. Disap. Reap. ‘tex to Boh tfor 

inverted image 
h. m. h. m. B ° 

I... d@Sagittarii ... 5 ... 17 15 nearapproach 195 — 
Beebe 7ZO3 ume mOl meee y LONeyolONS2 56 285 

Noy. h. 
Bm. 523, Saturn stationary. 

Variable Stars 
Star R.A Decl. 

h om 5 h. m. 
U Cephei wee 10 15252)... 80 16 N.....) NOV. 3)meaueLO! 777 
A Tauri Ben eee U5 4c4u--- 2) ODN, 99 2, 2ZOD5 m2 

» 6,19 7m 
S Orionis cso GY cen eS se. oe M 
U Monocerotis ... 7 25°4... 9 32S eos M 
SiGeminorum)..) '7236%2)-2-/23) 43) Ns ee o5) Ss M 
WrOphiuchi...... 17 10:7... I 20UN. 25 4) SyeeST 77 

and at intervals of 20 8 
U Sagittaril... 1S) 25(:2),.. 19) \02)9« 0) NOVn) TemORmO! 772 

3 450n00 17 
B Lyre... 18 45°9 ... 33 14.N. ee ch. 2 Soeve 
n Aquilz 19 46°7 0 43N.... Oct. 31, 0 om 
S Cephei 21 36:6)... 78 (7 IN... Nove4s M 
5 Cephei ein 22y 24'0) 2-057) 5OPNie-an55 SSO 772 

M signifies maximum 3 77 minimum. 

Meteor Showers 

The 7Zaurids, radiant R.A. 60°, Decl. 18° N., continue 
through the present week. Slow bright meteors from a radiant 
near 6 Arietis, R.A. 45°, Decl. 22° N.; and meteors from a 
radiant in Cygnus, R.A. 348°, Decl. 52° N., are also seen at this 

NATURE 

season. Fireball dates: November 1 and 5. 

Stars with Remarkable Spectra 
Star R.A. 1886'0 Decl. 18860 Type of 

hm. s. } spectrum 
D.M. + 65° 369 3393) ce 05) ova e Nae Ill. 
54 Eridani 435027) 20 L953 57e) e Ill. 
4t Schjellerup... 4 39 2 67 579N. . IV. 
om@rionise. ied 446 4 14: §316UN. y III. 
D.M. + 6° 810 455939) =: 0) 20,0 Ne. 1006 
51 Schjellerup... 4 59 52 Tt istN. 10% 

GEOGRAPHICAL NOTES 

THE October number of Petermann’s Mitteilungen begins 
with an article, with numerous maps, on the canal between the 
German Ocean and the Baltic, by Herr Beseke. It describes 
in detail the numerous early projects—sixteen in all—for the 
construction of a canal across the isthmus, and then the origin 
and progress of the project of a canal called far excellence the 
Imperial Canal. The last section of the paper deals with the 
influence of the canal on navigation, and its military and 
commercial advantages. But the most important paper in 
the number, and one of the most interesting that we have 
read for some time, is one on the changes wrought by man 
in the flora of Chili, by Dr. R. A. Philippi. Only the first 
part is published in the present number, These changes are 
enormous. ‘The traveller in Chili, says the writer, as he passes 
by the fields and gardens, can scarcely believe that he is in 
America, not in Europe, so greatly hes the native vegetation 
disappeared. The trees and plants of Europe, and only these 
(with the exception of the native potato), 
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near habitations. The original native flora has to be sought 
with care and system, and is to be found only miles away 
from cultivation and the abodes of men. In fact, the native 
vegetation is destroyed by that of Europe as effectually as the 
native himself disappears before the white man. Dr. Philippi 
treats first of timber-trees introduced from Europe or North 
America, then of fruit-trees, then cereals, roots which serve for 
fodder, industrial plants such as the hop, sugar-cane, &c., 
vegetables, and finally weeds. The last class owes its origin to 
ordinary cultivated plants running wild, and to seeds which 
have found their way to Chili in other seed. Herr Wichmann 
concludes with a short sketch of the Galla States to the south 
of Abyssinia, with an elaborate map showing the routes of 
ie and Chiarini in Southern Abyssinia between 1876 and 
1881. 

To the Bollettino of the Italian Geographical Society for 
September, Count L. dal Verme sends an account of an excursion 
to the new crater, which made its appearance during the recent 
eruption of Mount Etna, and which has been named Monte 
Gemmellaro, in honour of the distinguished geologist of Cata- 
nia. It lies 300 metres below Monte Nero, at an altitude of 1500 
metres above sea-level, and may now be approached without 
much risk from the side of Nicolosi, the route passing by the 
Convent of Monte S. Nicola (940 metres), and thence by Monte 
Gervasi and to the west of Albano Pinitello and other older but 
now quiescent cones. There is an alternative, but much more 
difficult and dangerous, route further east, running also from S, 
Nicola straight to the foot of Monte Albano, where the ex- 
plorer must dismount, whereas by the longer road he may ascend 
beyond Ca’ dei Cervi, close to the new crater, by a bridle-path 
easily accessible to mules. The cone appears to rise 140 metres 
above the old level, and has a diameter of about 200 with a 
depth of perhaps 40 metres, showing at the bottom two openings 
3 or 4 metres wide, ejecting a little vapour at short intervals, 
accompanied by a slight rumbling noise. There was a third 
aperture with a diameter of some 10 metres, which emitted 
such a continuous stream of vapour that it was impossible to 
form any idea of its depth. During the eruption, Gemmellaro 
appears to have ejected about 66,000,000 cubic metres of erup- 
tive matter, covering a space of 54 square kilometres on the 
flank of the mountain, and approaching close to the village of 
Nicolosi (709 metres), near the upper limit of the vine. During 
the eruption, which lasted twelve days, the vineyards of this 
district were wasted to the extent of some 20,000/. ; but scarcely 
any other loss was suffered by the inhabitants, not one of whom 
perished from the all-devouring stream of molten lava. 

THE same number of the Bod/ettino has an instructive paper 
by S. Raineri, on the rise and development of submarine tele- 
graphy from the first tentative experiments of Watson (1747) and 
Schilling (1812) to the last cable laid on the floor of the Atlantic 
between Valentia and New York. The historical labours and 
discoveries of West, Wheatstone, Newall, Brett, and other 
pioneers are briefly described, and a full account given of all the 
oceanic cables at present girdling the globe in all directions. 
The paper is accompanied by two comprehensive charts aid 
tables containing the names, dates, and lengths of all the lines 
completed down to the year 1885. 

From the Report of the Council of the Straits Branch of the 
Royal Asiatic Society for the past year, we learn that an 
entirely new map of the Malay Peninsula is now in course of 
preparation, and will shortly be sent to England for publication. 
Recent explorations in Pahang, and the work of surveyors in 
the service of the native States have added greatly to geo- 
graphical knowledge during the last few years, so that it has 
been found possible to make great improvements in the map of 
the Peninsula published for the Society in 1879 by Mr. Stan- 
ford. The Council further suggest as a subject worthy of the 
attention of the Colonial Government and of the Society, the 
preparation of an authorised Statistical Gazetteer, to which 
residents, students, travellers, and men of science may turn for 
authentic information regarding the Straits Settlements and the 
native States of the Malay Peninsula. Such a work, the 
Council thinks, should embody a full account of these regions, 
their inhabitants and productions, in the departments of geo- 
graphy, geology, ethnology, religion, manners and customs, 
history, arts, manufactures, agriculture, commerce, zoology, 
ornithology, ichthyology, &c., and should give a concise 

are found everywhere | account of every town and village of importance within these 
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limits. It would carry on in the Far East the work already 
performed in British India and Burmah. 

A SPANISH Expedition under Capt. Cervera has been explor- 
ing Adrar in the Western Sahara. Capt. Cervera describes Port 
Rio de Oro, where he landed from the Spanish cruiser Zigera, 
as rather difficult of entry, but, once entered, as secure from all 
winds, with good anchoring ground, and from 10 to 30 metres’ 
depth of water. ‘‘ Rio de Oro” is a misnomer, as there is only 
one well of fresh water, and that very dirty. There are, how- 
ever, good wells in the interior, and at four days’ journey there 
is arunning spring. The Expedition proceeded, between lati- 
tude 22° and 23°, south-eastwards 425 kilometres through an 
arid country of gneiss and granite, and struck the boundary of 
Adrar. The population is composed of four tribes—the Uled 
Delim, speaking and nearly all capable of writing pure Arabic, 
mixed with a few words of Berber origin. These tribes are 
nomadic, moving their tents from well to well for the pasture of 
their dromedaries, goats, and sheep. The capital of Adrar is 
Aatar, not Wadan, as hitherto believed. Wadan lies more to 
the south. 

“HYBRID” WHEAT 

ie is probably not generally known that the cereal from which 
we obtain our bread corn is almost invariably self-fertilised 

in nature, and that only a skilful expert can perform the delicate 
operation involved in the cross-breeding of wheat. The anthers, 
when near maturity, must be removed from a number of wheat- 
flowers, and on the following day the pollen of the male parent 
must be placed on the stigma. The opening of the glumes, 
however, is dependent on the swelling of the ‘‘ lodicules,” which 
only occurs when the temperature of the atmosphere is not less 
than about 75°. Below that minimum the florets will not open 
so as to expose the reproductive parts to the operator. The 
angle of opening of the glumes corresponds to this swelling, and 
when fertilisation has been performed the lodicules shrivel up 
and the glumes again close over the pistil, It had long been 
obvious that half a dozen different varieties of wheat, blossom- 
ing at the same time, may be grown in adjacent fields or in con- 
tiguous rows without the occurrence of interbreeding, in spite of 
the clouds of pollen which sunshine and warmth develop at the 
time of blossoming ; and considering the remarkable results 
from the cross-fertilisation of numerous plants in gardens, it 
seems surprising that the same process should not have been 
applied to wheat. Many years ago a well-known selector and 
‘*improver ” of cereals, the late Mr. Patrick Sheriff, tried some 
experiments in this direction. His usual method of improve- 

‘ment consisted in the selectim and careful cultivation of 
“sports,” and he was approaching the end of his career when 
his earliest attempts at cross-breeding were made. The in- 
creased vigour of wheat, the moulding of the ear, the produc- 
tion of a larger and fuller ear, with superior grain, earlier 
maturity, and the modification of the straw so as to render it 
stronger, or shorter, and less liable to become laid as in the 
present season, are all improvements which may certainly be 
accomplished in regard to this cereal, just as analogous modifi- 
catioas have beeen effected in animals and some other plants by 
the recognised methods of breeders. 

The wheat-crop of the United States reaches at present 
50,000,000 quarters, or four times that of England, and this may 
in some measure account for the numerous experiments in cross- 
breeding by scientific American farmers, and especially by some 
of the professors of agriculture in the colleges of that country. 
The same remark applies to France, where the cultivation of 
wheat is relatively far more important than in England, and 
where the noted seed-firm of Vilmorin are now in the midst of 
the work of cross-breeding. But even in England, disheartened 
as farmers may be as regards wheat-culture, their prospects 
might certainly be improved if the average production of this 
cereal could be increased, its quality improved, and its liability 
to disease and injury from indifferent weather diminished. Both 
growers and consumers, therefore, have an interest in the under- 
taking of Messrs. Carter and Co., the seedsmen, who for several 
years past have been engaged in the cross-breeding of wheat at 
their trial-grounds and gardens at Forest Hill. The collection 
of different sorts of wheat at this establishment includes varie- 
ties from every country which exports this grain to England. 
Some of them are not hardy, and the wretched appearance of 
the growing specimens of Persian and Indian varieties was 
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probably due to their depreciation in our climate. Some of 
the colonial and other sorts were excellent, but none could 
compare to the so-called hybrids. 

The operations commenced in 1882 by the sowing of a num- 
ber of the best English and American varieties, and in the 
following summer twenty crosses were effected by experts who 
are usually employed by the firm in delicate manipulations of a 
similar kind in connection with garden vegetables and flowers. 
In the following autumn the hybrids, as they are usually called 
for convenience, were sown between the rows of the male and 
female parents for the sake of comparison, and in the succeeding 
year the mixture of the breeds became apparent. In one plot, 
for example, the female parent was a short-strawed velvet- 
chaffed variety, and the male a very large, bearded, and tall 
American wheat, and the offspring attained a stature exceeding 
that of the former by a foot, with smooth chaff, and stout thick- 
set ears bearing minute awns at the apex of the chaff of each 
grain. This last-named peculiarity, the occurrence of defensive 
points in serrated order from top to bottom of the ear, may be 
referred to as one of the many advantageous peculiarities which 
have been developed in the course of the experiments, and it 
has gained for the new variety the appropriate name of ‘* Bird- 
roof.” 

2 Another of the cross-breeds, having the earliest of English 
varieties, Talavera, for one of its parents, was almost ready for 
cutting this year on July 21, when we inspected the new sorts, 
a very early date in the case of a late backward harvest. 
Another has the grains very firmly set, and therefore not liable 
to shell out even when the crop is dead ripe, as it usually is 
before the time of cutting in New Zealand, where this wheat 
will probably prove popular. 

Another of the crosses proved to be a wheat with shorter 
straw than any other variety in cultivation, and this too will 
prove a valuable modification, since neither soil nor season, 
however productive of straw they might be in certain years, 
could throw the crop down. Now does it surprise the experts 
that the offspring of two parents which are both of average 
height, should prove to be a dwarf in regard to the length of 
its straw, since they have had occasion to observe the same 
thing in the breeding of peas—two sorts of peas, each 4 feet 
high, and requiring the support of sticks, having produced a 
very useful seedling of 23 feet, which requires no such artificial 
assistance. 
We cannot attempt a detailed description of the numerous 

other peculiarities—some of them promising to be highly 
advantageous—which have been developed in the course of 
these wholesale experiments. But we may here observe that 
the most tiresome part of the business has proved to be the 
fixing of the types after the crossing had been accomplished. 
The work, however, has proved sufficiently successful to en- 
courage the experimenters to undertake the cross-breeding of 
barley as well as wheat, and to lead them to anticipate a large 
demand for their new varieties, not only in this country, but in 
the colonies. H. E. 

DR. AUGUST WEISMANN ON THE IMPORT- 
ANCE OF SEXUAL REPRODUCTION FOR 
THE THEORY OF SELECTION 1 

N Nature, vol. xxxiii. p. 154, was given an article on Prof. 
Weismann’s most interesting and important memoir on 

‘The Continuity of the Germ-Plasma considered as the Basis 
of a Theory of Heredity.” The present memoir also abounds 
with interest, and may be regarded as following naturally from 
the former one as a continuation and further elaboration of some 
of the questio s raised in it. The main aim of the inempir is 
to establish the position that the process of sexual reproduction 
is the prime agent by which all the varied differentiations of the 
complicated phyla of the Metazoa has been brought into exist- 
ence. A strong part of the argument is devoted to the esta- 
blishment of the position that peculiarities acquired by the 
parent are not transmitted to the offspring, and to showing that 
the hypothesis that such acquired peculiarities are transmitted 
is not necessary for the explanation of the known phenomena of 
heredity and the mode of origin of the series of organic forms. 
It will be remembered that the assumption of this position 
forms an important and necessary factor in the theory of the 

“Die Bedeutung der sexuellen Fortpflanzung fiir die Selektions 
Theorie.”” (Jena: G. Fischer, 1886.) 
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continuity of the germ-plasma, but it was one which in the 
former memoir was only lightly touched upon. 

A large part of the contents of the present memoir was de- 
livered as a lecture at a meeting of the German Naturalists’ 
Association at Strasburg in September 1885; but numerous 
alterations and additions have been made, and six appendixes 
on special points have been added. 

At the outset, special attention is drawn to the essential dif- 
ference between ‘‘those special new characters which are cor- 
rectly to be included under the term ‘acquired,’ ” and the much 
broader class of new characters generally. Only those new 
characters can be termed ‘‘ acquired” the origin of which is due 
to external influences, and not those which depend on the myste- 
rious collaboration of the different tendencies of heredity which 
meet one another in the impregnated germ. These latter are 
not acquired, but ‘‘ inherited.” If, as the author holds, acquired 
characters are incapable of being transmitted to the progeny by 
the parent, then a much wider field of action must be ascribed 
to the processes of selection in the transformation of species than 
hitherto, since the modifying influences of external conditions 
being confined to the individual, can, in the vast majority of 
instances, have no effect on the tran formation of <pecies. 

After discussing Nageli’s postulation of the existence in or- 
ganisms of a special internal modifying force to account for the 
phenomena of adaptation, and showing that such a force has no 
existence at all, and that there are no reasons or justification for 
assuming it, the author dwells on the adequacy of the theory of 
selection to account for the facts. He insists specially on the 
necessity that the changes occurring during the transformation 
of a species, both in the organism itself and in the conditions of 
existence, shall take place by,the smallest possible stages with 
the utmost slowness, so that at no moment of the entire process 
of transformation shall the species remain inadequately adapted 
to its conditions. 

The possibility of the transmission of acquired characters 
being excluded, it is assumed that, in the case of all animals and 
plants which are reproduced by real germs, only those characters 
can be transmitted to a succeeding generation which were 
already present in the germ at the time of its formation. 
On the theory of the continuity of the germ-plasma, a 

certain minimum of the active substance of the germ, the germ- 
plasma, always remains unchanged when the germ develops into 
the organisn, and this remains of the germ-plasma becomes the 
basis from which the germ-cells of the new organism are formed. 
Thus there is a continuity of germ-plasma from one generation 
to another, and the impossibility of the transmission of acquired 
characters follows directly from this position, since the molecular 
structure of the germ-plasma is already determined within the 
embryo. 

There are no facts which really prove that acquired characters 
can be inherited, although many attempts have been made to 
render such a supposition plausible. On the contrary, the 
evidence against ic is abundant. The children of highly-civilised 
races of mankind, when brought up in isolation, show no trace 
of a language, and the results of experiments made on plants 
tell markedly on the same side. 

‘Twenty-two pages of appendixes are devoted to demonstrating 
this most important position—the influence of which on future 
speculation with regard to organic evolution can hardly be over- 
estimated—that acquired peculiarities are not hereditarily trans- 
missible. Only some of the statements with regard to the 
familiar instance of Brown-Séquard’s hereditarily epileptic 
guinea-pigs can here be given. 

Brown: Séquard, as is well known, produced artificially epi- 
lepsy in guinea-pigs by means of section of certain parts of the 
central or even peripheral nervous system in the living healthy 
animals. The progeny of these guinea-pigs inherited the disease 
of the parents. The experiments were repeated by Obersteiner, 
and there is no doubt of the fact. Still, urges our author, this 
Is not to be taken as a proof that acquired peculiarities can be 
inherited, Epilepsy is no morphological peculiarity, but a 
-disease. 

If there were found in the epileptic offspring a distinct and 
evident morphological alteration in the nervous structures caused 
by and corresponding with that produced by injury in the parent, 
and which was at the same time the cause of the epilepsy in the 
offspring, then the question of the actual transmission of an 
-acquired morphological peculiarity might be justly raised. 

That such is the case is, however, not only not proved, but 
very improbable. What is certain is that many of the young of 

such artificially epileptic parents are small and feeble, and often 
die early ; others show deformities and sores on various parts of 
their bodies. In rare instances certain of these young exhibit 
epileptic symptoms. Two only out of thirty-two young of 
epileptic parents showed the symptoms, and these soon died, 
having but very little vitality. 

The facts may be fairly expressed by stating that the guinea- 
pigs artificially rendered epileptic transmit to a part of their off- 
spring the disposition to various diseases of the nerves, to dis- 
eases of the motor nerves, and in a less degree to those of sensory 
nerves, and most markedly to those of trophic nerves. In rare 
instances, those in which paralysis is most developed in the off- 
spring, the epilepsy is also transmitted with it. 

If the pathological change in the nervous structures which 
follows injury and produces the epilepsy be due, as is possible, 
to some as yet unknown microbe growing within its substance, 
it is far easier to understand the transmi sion of such a microbe 
from the parent to the offspring in the adult sperm-cell or oyi- 
cell than to conceive of the disease being communicated in the — 
form of a molecular change in the germ-cell. That such a trans- 
ference of a microbe in the ovi-cell or sperm-cell occurs in the 
case of syphilis and tuberculosis is probable, and it is certain 
that such does occur in the case of the muscardine silkworm 
disease. Such an explanation would account, in the case of the 
guinea-pigs, for the fact that the various offspring exhibit various 
forms of nerve diseases, which remains unexplained if it be 
assumed that this is a case in which there is an hereditary trans- 
mission of a morphological character, namely, a pathological 
change of structure of a nervous centre. The way in which the — 
artificial epilepsy develops itself in the guinea-pigs after the 
operation, creeping gradually over the body, and ensuing in the 
same way after injury to the most varied parts of the nervous 
organs, is a proof of its infectious nature. he change produced 
by section of the nerves is obviously not the direct cause of the 
epilepsy, but only serves to originate a process of disease which 
is propagated centripetally, with the final result of the appear- 
ance of epileptic symptoms. ‘ 

The germ-plasma is immensely complex in its finest structure, 
but it has a remarkable power of persistence, since it absorbs 
nourishment and grows enormously without in the least changing 
its complicated molecular structure in so doing. This follows 
from the fact that many species (¢.g. the Igyptian ibis or the 
crocodile) have reproduced themselves for thousands of years 
without change. Further, since the quantity of germ-plasma 
contained in the single germ-cell must be regarded as extremely 
small, and as only a minute fraction of this remains unchanged 
when the germ-cell becomes developed into the new individual, — 
the growth of this fraction in the individual must be a most — 
enormous one, as usually thousands of germ-cells are produced , 
by it. : 
Gites the germ-plasma can remain unchanged in molecular 

structure in spite of such vast increase in bulk, it is obvious that — 
it is not easily to be modified, and it is probable that the direct 
influence of modifications in surrounding conditions on the germ- 
plasma has no effect of any importance on the production of 
hereditary individual variations. These must have another 
origin, and this, according to Weismann, is to be sought in the 
mode of reproduction occurring amongst most organisms at 
present existing—sexual, or as Haeckel terms it, amphigonic re- — 
production. ‘This consists, as is well known, in the fusion of 
two antithetic germ-cells, or possibly nuclei only, which con-_ 
tain the germ-plasma, which in virtue of its peculiar molecular — 
structure, is the bearer of the hereditable tendencies of the 
organism from which the germ-cell originates. Thus in amphi- 
gonic reproduction two diffe eat sets of hereditable tendencies — 
are to a certain extent mingled with one another. It is this — 
process of mingling which is the cause of the occurrence of — 
hereditarily transmissible individual peculiarities, and it is the 
production of these peculiarities which it is the office of amphi-— 
gonic reproduction to effect. Amphigonic reproduction supplies” 
the material for the development of individual variation out of 
which selection produces new species. pt 

This is a most startling conclusion, and directly opposed to 
almost all former views on the action of sexual reproduction, 
The amphigonic process has been regarded as having the effect 
of rapidly obliterating any deviations from the specific type 
which may arise in the members of a species. With regard to 
specific characteristics this may still hold true, since the devia- 
tions from them are of so rare occurrence that they are unable 
to hold their own against the great mass of normally-formed 

| 
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individuals. But it is otherwise in ‘he case of the minute differ- 
ences which are characteristic of the individual, because every 
individual possesses them, and each in a different manner. Here 
a compensation of the differences could occur only if the entire 
species were composed of but few individuals, but the number of 
individuals which constitute a species is in most cases practically 
unlimited, and thus an intercrossing of all of these with all the 
others with the result of the compersation of the individual 
differences is impossible. 

The process of amphigonic reproduction is able to bring about 
what is absolutely essential to the working of selection as an all- 
powerful agent in development, namely, the summing up of the 
small individual differences it has to deal with in the direction of 
the result aimed at, and the production by this means of new 
characters. Such summing up of minute characters is impossible 
in the case of species with non-sexual reproduction. In the 
course of successive sexual generations the differences between 
the individuals of a species must continually increase, not as 
regards the greater differences, but as regards the constantly 
new combinations of individual peculiarities which are formed. 
Imagine a number of individuals of a species distinguished each 
from the others by a few hereditable peculiarities ; in the next 
generation no single individual could be like the others, they 
uuust all be different. Further, not one of the progeny could be 
identical with one of their parents, since each has combined 
in it the hereditable tendencies of two parents, its organism 
being as it were a compromise between the developmental ten- 
dencies of both. In the third generation the hereditary 
tendencies of two individuals of the second generation are 
combined. But since the germ-plasma is no longer simple, 
but is already compounded of two individual kinds of germ- 
plasma, an individual of the third generation will represent a 
compromise between four different hereditable tendencies. In 
the fourth generation eight such tendencies must be combined ; 
in the fifth, sixteen; in the sixth, thirty-two. Each of these 
tendencies may show its effect more or less marked in this or 
that part of the organism as it is developed, and thus in the 
sixth generation a number of the most different combinations of 
the individual peculiarities of the ancestors may be exhibited ; 
combinations such as never before existed in the history of the 
species, and such as never can occur again. 

The prepotency of the various kinds of idioplasma which com- 
pose the germ-plasma of the germ-cells of each individual 
must vary in intensity at various periods of its life. This must be 
assumed in order to account for the fact that the several children 
of the same parents are never exactly alike. ‘lhe presence of 
the small individual peculiarities postulated as displayed in the 
hypothetical series of individuals of the first generation is ac- 
counted for as having arisen, not amougst the higher organisms, 
the Metazoa, but amongst their unicellular Protozoan ancestors. 
Amongst these there is no distinction between body-cells and 
germ-cells ; their reproduction is by division, and in this case every 
modification of the body of the organism, every individual pecu- 
arity, however produced during the course of life, must be 
directly transmitted to the offspring. Here parent and child 
are in a certain sense still one and the same being. The child 
is a portion of the parent, and commonly half the parent. The 
conditions are entirely different from those oecurring in the 
sexual reproduction of the Metazoa, by which acquired pecu- 
liarities are not transmitted. 

Hereditarily transmissible variation having arisen in the Proto- 
zoa by the direct action of external causes, was retained by the 
Metazoa when they became developed; and as amphigonic 
sexual reproduction arose at the same time, the variation be- 
came thereby enhanced and increased in complication, and pre- 
served in ever-changing combinations. 

In the theory of sexual reproduction put forward by Prof. W. 
K. Brooks, of Baltimore, in 1883,! there is a resemblance to the 
views here maintained, in that sexual reproduction in it also is 
regarded as the means which is employed by Nature to produce 
variations, but the mode in which the influence is supposed to 
act is entirely different in the two theories, Brooks attributing 
the main effects in variation to the inheritance of acquired pecu- 
liarities, and to what may be termed the ‘‘circulation of the 
germ-plasma.” His theory is a modification of Darwin’s “‘ pan- 
genesis.” He assumes, like Darwin, that each cell of the body 
of higher organisms throws off minute gemmules, not always 
and under all conditions, but only when they encounter un- 

t W. K. Brooks, ‘‘The Law of Heredity: a Study of the Cause of 
Variation and the Origin of Living Organisms ’’ (Baltimore, 1883). 
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usual circumstances of existence. Whenever the normal func- 
tions of any component cell of the body are disturbed, ‘‘it 
throws off small particles which are the germs or gemmules 0 
this particular cell.” These gemmules are, according to Brooks, 
capable of passing to all parts of the body, and may pass into 
an oyarian ovum or a bud, but the male germ-cell has a special 
attractive force for them, gathering them within itself and storing 
them up. It is one of the peculiar merits of the theory of the 
continuity of the protoplasm that it dispenses with all necessity 
for any hypothesis of a circulation of gemmules or germ-plasma, 
so complicated and difficult to understand as these hypotheses 
are. As soon as the inheritance of acquired peculiarities is 
denied, such hypotheses are not required. Brooks further 
differs widely from Weismann in ascribing to the two germ-cells 
concerned in impregnation a different 7d/e in the process, the 
egg-cell or conservative principle being supposed to be charged 
with comparatively few gemmules, the sperm-cell, or radical 
principle, with many. This view, that the male germ-cell has 
a different part to play during the construction of the embryo 
from the female germ-cell is considered by Weismann to be un- 
tenable, because it is in contradiction with the simple matter of 
observation that human children on the whole are able to inherit 
just as many characteristics from the mother as from the father. 

Apparently, the only function of amphigonic reproduction is 
the production of a supply of hereditable individual peculiarities 
on which selection may work, and as the development of the 
whole higher organic world depends on these processes, the part 
which amphigony has to play in Nature is one of the most stu- 
pendous conceivable, and hence its wide, almost universal, distri- 
bution in theanimaland vegetable kingdoms. Nevertheless, itisnot 
in any way contended that amphigonic reproduction originally 
came into existence in order to render the production of species 
possible. The process must have been already present before 
it evoked the hereditable variability, and its first appearance 
must therefore have had another cause. This cannot at present 
be explained with any certainty, but the key to the problem lies 
in the conjugation of the Protozoa, the predecessor of amphi- 
gonic generation. The fusion of two unicellular individuals into 
one, the simplest form of conjugation, must have a direct and 
immediate action which is of advantage to the existence of the 
species concerned. The view taken by Hensen and E. Van 
Beneden and others, that conjugation, as well as sexual reproduc- 
tion generally, effects a rejuvenescence of the organism, is dis- 
cussed and rejected as unsatisfactory. ‘*‘ The entire conception 
of rejuvenescence has something indefinite and nebulous about 
it. The assumption of the necessity of a rejuvenescence of life, 
brilliant as it is, is scarcely to be reconciled with our other con- 
ceptions of the nature of life based on purely physical and mecha- 
nical forces. How can it be conceived that an infusorian which has 
at last by repeated division exhausted its power of reproduction 
can recover this power by fusion with another similarly effete infu- 
sorian? Twice nothing does not make one, and if it be assumed. 
that each infusorian retains half its reproductive force, the two 
combined would result only in one whole, but this could hardly 
be termed rejuvenescence. It amounts only to an addition 
such as, under other conditions, would be produced by simple 
growth.” 

Tt is best to assume in the present state of knowledge that 
living matter is endowed with a power of unlimited assimilation 
and consequently unlimited capability of reproduction, and that 
the form of reproduction, whether sexual or asexual, of itself 
exercises no influence on the duration of the process. It has not 
been proved that reproduction by division can never take place 
indefinitely. The phenomenon of parthenogenesis is strongly 
against the hypothesis of rejuvenescence, for, if. impregnation 
represents a rejuvenescence, and essentially consists in a com- 
bination of energies and materials which in virtue of their 
differences give rise to the development of reproductive force, it 
is difficult to understand how occasionally the same reproductive 
force can be produced by one of the two materials, only the egg- 
cell, The common assumption that in the case of partheno- 
genesis a single impregnation suffices for a whole series of gene- 
rations has no grounds of support, and is at variance with the 
fact that the same egg which may develop parthenogenetically 
(in the queen bee) is also capable of fertilisation. 

The primitive action and meaning of conjugation may at present 
be best provisionally defined as a strengthening of the forces of the 
organism in relation with reproduction, which occurs when, on 
account of external causes, such as atmosphere, temperature, and 
want of food, the growth of the single animal to the size necessary” 
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for reproduction is not possible. This cannot be regarded as equi- 
valent to rejuvenescence, since rejuvenescence is a process neces- 
sary for the maintenance of reproduction, and ought to occur 
periodically entirely independently of external conditions, whilst 
according to the above view conjugation originally only pre- 
sented itself under unfavourable conditions of life and helped 
the species to surmount them. 
Amongst the higher Protozoa the original import of conjuga- 

tion seems already to have dropped into the background, as 
shown in the change in the nature of the process itself. The 
higher Infusoria are only temporarily fused with one another in 
conjugation, and it appears possible, and even probable, that 
the process has here already attained the full significance of 
sexual reproduction, and is to be regarded as functional as a 
source of variability only. 

Amphigonic reproduction, having existed through countless 
generations of Protozoa in the form of conjugation, passed over 
to the Metazoa, and, though its original physiological effect lost 
importance or retired altogether into the background, was pre- 
served from extinction and firmly retained because of the im- 
measurable advantages which are conferred by it in endowing 
the species with the power of adapting itself to new conditions 
of existence. The formation of new species which was possible 
amongst the lower Protozoa even without amphigony, amongst 
the Metazoa and Metaphyta was to be attained only by that 
process. 
Amphigony has been lost in certain cases, either partially, as 

in the case of some lower Crustacea amongst which partheno- 
genetic generations alternate with sexual, or entirely, as in the 
case of certain gall-insects and plant-lice amongst which partheno- 
genesis has become the only form of reproduction. Such restriction 
to parthenogenetic reproduction may act so as to secure the exist- 
ence of a species for a time, but according to the views as to the 
origin of hereditary variability here maintained, such a species 
dependent on parthenogenesis alone for reproduction must be 
near its period of dying out, as unable to adapt itself to any new 
conditions of existence which may arise, since in the loss of 
amphigonic reproduction it has lost the capability of mingling 
and increasing the individual hereditable peculiarities which occur 
amongst its members. 

This conclusion is supported by the fact that no whole groups 
or genera occur the species of which are entirely parthenogenetic 
in their reproduction, 

The persistence of functionless organs in species which are repro- 
duced parthenogenetically is a further corroboration of the general 
view as totheimport of amphigonic reproduction here maintained. 
Since acquired peculiarities are not inherited, organs which fall 
out of use cannot become vestiges in a direct way, as has 
been hitherto assumed to be the case. The functionless organ 
becomes indeed weaker and less fully developed in the individual 
which does not use it, but this reduction in the organ is not 
transmitted to the offspring. 

The explanation of the undoubted fact that such organs do 
become vestiges must be sought elsewhere. In order that 
any particular part of the body in any species may be maintained 
at the height of its functions, all individuals which possess this 
part in less completely perfect development must be excluded from 
participation in the act of reproduction by perishing in the struggle 
for existence. As soon, however, as an organ ceases to be use- 
ful, this uninterrupted selection of the individuals with the best 
organs for the purpose of reproduction ceases also, and a con- 
dition arises which the author terms ‘ panmixia.” Now not only 
the individuals with the best organs participate in reproduction, 
but also those with inferior ones. A mixture of all kinds of 
gradations in goodness and badness in the organ must be the 
inevitable result, and thus in the course of time a universal 
deterioration in the organ must be produced. The remarkable 
fact that the gradual disappearance of functionless organs is 
extremely slow appears much more in keeping with the above 
views as to the nature of the process than with those hitherto 
adopted. The effect of disease of an organ in the course of a 
single life is a very well marked one, and if it were transmissible 
even to a reduced extent direct to the offspring, the organ must 
become reduced to a minimum even in a hundred generations, 
Yet how many million generations must have elapsed since the 
whalebone whale abandoned the use of its teeth? 

If this new view of the cause of the reduction of disused 
organs is assumed as correct, it follows that vestiges of organs 
can occur only amongst species with amphigonic reproduction, 
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this appears to be the case. Superfluous organs do not become rudimentary in species parthenogenetically reproduced. As far as the author’s investigations extend, the receptaculum seminis 
does not become aborted in such species, although it is entirely 
without function. Thus in Chermes, which is without males, the receptaculum seminis is present in the females unchanged ; whilst, on the other hand, in Aphis, another plant-louse in w hich 
amphigonic reproduction is not extinct, but alternates regularly with parthenogenesis, the receptaculum seminis has become lost 
in the summer female. 

These evidences in favour of the general views here expressed 
form, of course, no absolute proof of their correctness, but only give evidence in favour of their probability. Further evidence cannot be offered at present, the phenomena dealt with being extremely complicated and their explanation being such 
as can only be approached gradually. 

The author, however, considers that he has plainly shown that 
the selection theory is by no means incompatible with the con- ception of the ‘‘continuity of the germ-plasma,” and further, that as soon as this conception is accepted as correct sexual reproduction appears in an entirely new light, displays a reason for its existence, and becomes to a certain extent compre- hensible, H. N. MoseLey 

above theories by Prof. 
Sur Wissenschafiliche 

N.B. A criticism of Prof. Weismann’s 
von Kolliker appears in the Zeitschrift 
Zoolugie, in the October part just issued. 

THE FUNCTION OF A UNIVERSITY 
I GRATEFULLY accept the honour with which I have been 

invested thus publicly, and with such kindly feeling. In the 
future, as in the past, I shall give you my best endeavours. 

By a fortunate accident it has happened that I am not called 
upon to speak to you on behalf of the University of California 
before I know somewhat of it. The six months which have 
elapsed since I entered upon the duties of the high office which 
I now hold, I have utilised in studying with minute care the 
University in its main features and in some of its details. This 
is not the place nor the time to speak of minor matters. It is, 
however, the very place and the very time for me to say to this 
audience that no friend of the University has any cause to fear, 
so long as all of us, Regents, Professors, and students alike, 
remain united in the future, as we are at this present moment, in 
a single effort toward the same high ends. 

For nearly a hundred years the American Republic lived, and 
grew, and prospered, and the community of nations hardly knew 
her, and barely gave her place. So, on a smaller scale, it has 
been in California. The University here has lived, and grown, 
and prospered, and the communities outside of our own small 
circle hardly know us, and grant us our place reluctantly. It is 
a perfectly safe prediction that within the next twenty years, 
possibly within the next ten, the State of California will find 
suddenly that here in her midst she has a force on which she 
never reckoned—a reserve on which she never counted. 

It is easy to see what advantages would come if this convic- 
tion were now wide-spread and firmly held. It is easy to seek 
feverishly to make ourselves quickly known, in order that we 
may be more widely useful. But, I am more and more con- 
vinced that if we are always ready, like a strong man, our 
opportunity will be here almost before we realise it. 

Vital Points and Fundamental Principles. —What, then, are 
the aims upon which our eyes must be ever fixed, and toward 
which our energies must be ever directed? I will not name 
them all, nor count them over one by one. But I think that I can 
point out certain vital points that must be guarded ; certain prin- 
ciples that must be fundamental. Let us consider the demands 
which the community makes of the University, and again, the 
standards which the University should set for its individual 

| members. 
In the first place we must carefully examine what it is that 

we, as citizens, demand from the University. We must see to 
it that what we demand is consonant with what we ought to 
demand. If we find that we disagree with what seems to us to 
be the position of the University, ought we not in fairness to 
calmly inquire which of the two is right? Is there not at least 
a certain presumption that the efforts of a body of intelligent 

The usual and careless way 
of meeting this question, even on the part of those who count 

* Inaugural Address by President Holden at the University of California. 
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themselves firm friends of the University, is to pass over these 

differences of opinion lightly, and to lay them to the errors of 

the intelligent scholars themselves. “* What does a college pro- 

fessor know about life?” we say ; ‘‘he knows his speciality, his 

mathematics, his political economy, his physics. Let him keep 
to that and we are satisfied. But let us, who are engaged in the 
practical business of life, judge of life and its needs.” 

We, the faculties of the University, might admit this pro- 
visionally and for the sake of peace, and inside our web here at 

Berkeley go on spinning our theories and trusting to their truth 
for their commanding influence in the future of the State. We 
will do that most certainly, and if the theories are right they 

will prevail. If they are wrong we shall be brought to 
confusion. 

The University Useful and Practical.—But we claim more 

than this. We claim that the University is one of the most 

useful, and ina high sense practical parts of the machinery of 

the State. It has a function as important, or more important 

than any other. It shares this function with the Church, and 

the voices of both are to be your guide. ‘The chief and highest 

function of the University is to assert and perpetually prove to 

you that general principles—laws—govern man, society, nature, 

life, and to make wnending war on the reign of temporary 

expedients. 
Think how fundamental is this use of the University. Think 

in how many ways we accomplish it. In the lecture-room, in 

the laboratories, in the machine-shop, we bring the student face 

to face with history, with nature, with fixed qualities. In 

history, in philosophy, in politics, in physics, we sce that de- 
finite causes produce their definite and inevitable results. In 

the laboratories we find that nature, candidly interrogated, gives 

unambiguous answers; that mathematical prediction, —the 

modern prophecy—is inevitably fulfilled in experiment. In 

the machine-shop we learn that the hard results in brass and 

iron will not lie, but that they point relentlessly to careless, 

shiftless errors, if they exist, or testify to faithful, honest, 
laborious work if it has been done. 

General Principles against Temporary Expedients.—There is 
no day and there is no hour of the student’s life that he is not 
brought face to face with results, and taught to see that these 
flow from principles of universal application. Just in so far as 
a teacher can bring forth this great truth is he a successful 
teacher. Just in so far as a graduate has learned it, is the work 
of the University priceless to him. Just in so far as our pro- 
fessors and our students alike go forth into society and proclaim 
and prove the unending reign of general principles and the utter 
folly of putting temporary expedients in their place, is the Uni- 
versity of prime value and use to the State. There was never a 
period or a country in which the reign of fundamental law needed 

more constant assertion and more perpetual proof than in our 
own period and our own country. All our modern inventions 
which give quick locomotion and quick transmission of thought 
tend to exalt the temporary expedient and to debase the general 

principle. The merchant of old time sent his ships to the 

Indies with their orders for two years or more ; the diplomatist 
in a foreign country was separated by weeks or months from 
instructions by the Foreign Office. Now it requires but an hour 
to reach the uttermost parts of the earth. We have cable de- 

spatches which recount the doings of the King of Dahomey. 

(he merchant changes his orders in Bombay as he reads the 

morning paper; the Secretary of State arranges the affairs of 

Tuesday on the afternoon of Monday. 
The immediate and harmless effect of all this is to paralyse 

continuous effort based on sound belief, and to substitute a 

wavering policy of daily temporising. But the living danger is 

that society may come to permanently distrast the reign of laws. 

Recollect that we have to train our young men to appreciate this 

vital truth in the midst of a society where there are apparently 

many glaring exceptions to the rule; ina society where wealth 

has come, it seems by accident, and where power seems not to 

have been gained by work. And when you remember this, re- 

member also how deep and profound your gratitude should be 

to any institution which is by its traditions and its very nature 

devoted to the incessant announcement and to the perpetual 

proof of the fundamental truth of all life here and hereafter, 

namely, that it is governed by unchanging principles which can- 

not be evaded nor shirked, and that a national or a personal life 

built on the expedients of the day, like a house built on the 

sand, will inevitably come to ruin. When this truth is grasped 
and firmly builded into the character, then it is that the steam- 

‘ engine and the telegraph and all the myriad inventions of the 
The man who can command 

It is the 
day first become truly useful. 
them aright has his powers doubled and trebled. 
highest use of the University to train such men. 

President Gilman's Test of a University.—You must not for 
one moment forget that the power of a university lies in its mez. 
In its governors, its professors, and in its students. If youcome 
here to our beautiful grounds and see them fair as they are to- 
day and always, if you se2 fine buildings and many of them, if 
you find our laboratories stocked with costly apparatus and our 
libraries with splendid books, you must not for that reason sup- 

| pose you have a university fitted to the needs of the State. You 
are to inquire about far other things. And it is of prime im- 
portance that every citizen should know exactly what questions 
toask. Nowhere have these questions been more eloquently or 
more pregnantly put than in a splendid address recently de- 
livered by our former President, Dr. Gilman, at the noble Uni- 
versity over which he now presides: ‘‘ Remembering that a 
university is the best organisation for the liberal education of 
individuals and the best organisation for the advancement of 
science, apply the double test—what is done for personal instruc- 
tion, and what is done for the promotion of knowledge ?—and 
you will be able to judge any institution which assumes this 
name. 

“ Ask, first, is it a place of sound education? Are the youth 
who are trained within its walls honest lovers of the truth? Are 
they learned, are they ready, are they trustworthy? When they 
leave the academic classes do they soon find a demand for their 
services? Do they rise in professional life? Are they sought 
for as teachers? Do they show aptitude for mercantile, ad- 
ministrative, or editorial life? Do they acquit themselves with 
credit in the public service? Do the books they write find pub- 
lishers? Do they win repute among those who have added to 
the sum of human knowledge? Have they the power of enjoy- 
ing literature, music, art? Can they apply the lessons of history 
to the problems of our day? Are they always eager to enlarge 
their knowledge? Do they become conservative members of 
society, seekiny for progress by steady improvements rather than 
by the powers of destruction and death? Areaithey useful, 
courteous, co-operative citizens in all the relations of life? Do 
the charities, the churches, the schools, the public affairs of the 
community receive their constant consideration? Are there 
frequent manifestations among them of unusual ability in science, 
in literature, in oratory, in administration? As the roll of the 
alumni increases, and the graduates are counted by hundreds and 

not by scores, does it appear that a large proportion are men of 

honourable, faithful, learned, and public-spirited character? 
These are the questions by which, as the years go on, a univer- 
sity is to be tested; or, to sum up all questions in one, Is it 
proved to be a place for the development of manliness ? # 

It is to be noticed that the stress is laid upon one chief thing— 

manliness—and that two main questions are to be asked. What 

does the University do for personal instruction ? and what does 

it do for the promotion of knowledge ? 
The answers to these questions will depend in every case upon 

the men whom the University has chosen as its teachers. It 

will depend not only on their intellectual attainments, but upon 

their personal characters. It is a most fortunate thing that the 

following out of a life of true devotion to learning brings, in so 

vast a majority of cases, the excellences and beauties of character 

which we desire and look for. We can all point to eminent 

examples of this in our midst—and it is so everywhere. We 

should see in a true University the true spirit of research kept 

alive and eagerly active. Howican you teaeh a young and 

ardent mind by means of examples culled from books alone? 

The vast panorama of nature lies before us, glorious by day, re- 

splendent by night, and it is only from the actual pursuit of 

knowledge at first hand from nature itself that true teaching 

power is to be derived. Mere information can be gained from 

books and libraries. True knowledge must be attained by 
studies that develop mind and character at once. 

The Genuine Ihsues of Life.—How, then, are we, the 

faculties of this University, to send forth from our midst men 

and women who are genuine, true, high, noble, sincere, simple? 

Men and women whose natures are such, and whose training has 

developed, harmonised and rounded out their natures? We 

must be constantly on the watch to put the genuine issues of life 

before ourselves and before our pupils. We are constantly 

tempted to put the name for the thing. How hard it is to avoid 

this even in our personal conduct, and how doubly hard it is in 



634 NATURE [ Oct. 28, 1886 

our public acts to point always to the essence, and not to indi- 
cate the accidents. We, all of us, suffer from the complexity of 
modern life which presents masses of detail, demanding atten- 
tion, and distracting our imaginations with what seems to be 
but ‘‘a multitude of single instances.” We lose the thread of 
logic and law and only grasp the tangled skein of various issues. 
We are prone to class quickly a man, an action, a belief, and 
have done with it and him. It seems to save our time. In 
reality it dissipates and degrades our life. Let u< take a familiar 
example. We meet a man for the first time. Our friend classi- 
fies him for us. He is introduced to us as a man of affairs, a 
physician, or a lawyer. We accept the crude classification based 
on what he des, and we forget the divine possibilities of what 
he zs or may be. We indolently accept a commercial classifica- 
tion and omit the reckoning with all the unknown possibilities 
within a human being. We do him an injustice, and we go on 
to dull our own minds and souls by repeated ‘iterations of this 
stupid act until we become puppets meeting our like and not 
men meeting with our fellow-men. It is a lazy and a shiftless 
way, and unworthy of all of us. It inevitably dulls the mind by 
putting a word before a thought, a phrase before a principle, 
and this process ceaselessly repeated gradually eliminates all 
thought, and living men become mere dead automata in each 
other's eyes. Hardly any man is so dull that there are not pos- 
sibilities unknown to you within him. ‘lo classify him at a 
glance and by a phrase is to deny the divine spark in him and a 
perceptive sense in your own heart. It is true that the higher a 
man’s profession is the nearer should his life approach to the 
type signified by the name of that profession. It is safer to 
think you know s»mewhat of a poet when you hear that he is 
such than to predict the quality of a physician from his degree 
of doctor. 

Comftlete Human Beings.—The University has no higher 
ideal than to train its students so that their practice may agree 
with their professions. But their complete professions are by 
no means signified by the formal degrees with which we invest 
them. 
We grant the degree of A.B. to successful candidates. But 

A.B. does not really stand for what we have tried to teach. 
What we wish to teach our students and ourselves is to be 
complete human beings. Nothing /ess than this. There caz 
be nothing more. We wish them to be H.B.’s first—human 
beings—and A.B.’s afterwards. Let any one of us try to see 
what is meant by a deserved title suchas this. What és a human 
being complete in every way? Is there a manly virtue, is 
there a feminine grace, is there a divine aspiration which we 
can conceive to be lacking to such a personality? How care- 
lessly we use the phrase, and with what debased significance ! 
Is the man who has sacrificed his very nature to the service of 
money deserving of the title? Is it any better if power be the thing 
he has sold his birthright for? or vanity? or pleasure? or 
fame? 

The moment we reflect upon the inner senses and upon the 
connoted meaning of the word, we see how we have debased 
it. We are used to lift a beggar from the ditch and to say with 
a pity that is half repulsion—at least he is a human being. But 
when we reflect we see that we can give no higher praise than 
this to the men who are the chiefest glories of the race. ‘Think 
of David, King of Israel. How can we praise him, appreciate 
him, feel his power over us at this day, better than to recognise 
that he was a complete being human in every part? That is 
allied directly with Divinity. St. Peter, Socrates, the great 
Emperor Marcus Aurelius—these touch us through a chord of 
complete unison of their human natures with ours. What is it 
that is common to the great Alfred of England and to the poet 
who sang the beauties of the daisy overturned by the plough? 
What but this human nature that embraces our own and har- 
monises with its every part ? 

In America, young as we are, we have had our complete 
human beings. We can point to the oration at Gettysberg and 
know that the man who wrote it did so out of the fulness of a 
complete human nature. The soldier whose forces were over- 
come on that fearful field will live in history by his martial deeds, 
but he will be cherished in our hearts for the rounded symmetry 
of his humanity. _ In fiction we have all given this high degree. 
Where can we find more perfect examples than Col. Newcome 
or Henry Esmond? Is it not worth reflection to see why it is 
that these stand for us as types of what a man can become ? 

I think we can conceive of what our ideal of a human being 
should be by seeking to find the common quality of men so re- 

moved from each other in character and circumstance as King 
David, Peter the Apostle, Socrates, Alfred, Burns, Lincoln, 
Lee. The great Marcus has even defined such a man for us in 
formal words: he is “a man who delays not to be among the 
best, like a priest and minister of the gods ; who uses the deity 
planted within him, which makes him uncontaminated by plea- 
sure, unharmed by pain, untouched by insult, a fighter in the 
noblest fight, not overpowered by any passion, deep-dyed with 
justice, and accepting with his soul all that happens and is his 
portion.” 

It must be our aim and end to fix clearly in the mind of every 
pupil that the whole object of his college course should be one 
and the same as the whole object of his entire life, namely, to be 
areal human being. Not to strive for partial knowledge, for par- 
tial facts as an end, and finally to be graduated a Bachelor of 
Arts, but to strive for complete and utter manhood and to add 
to its magnificent qualities all the learning which our schools 
afford simply as a help towards carrying out his inmost and his 
highest aspirations. Each one of us should be ever striving to 
deserve among our fellows and in our most secret life this chief 
of all titles. The one that expresses the sum of all achievement — 
possible to us ; since when it is attained it fixes us as wholly 
human, and thus made in the image of divinity. The best title 
of our Master was the Son of Man, and He descended to this 
to show the term to which we might attain. 
A Word to the Graduate.—And now, members of the 

graduating class, I wish to say one parting word especially to 
you, who are soon to see the formal signs of the approval of 
your professors and of our governors—the Regents. : 

In the name of the University I welcome you to your new 
estate. If we have done our duty by you, you are equipped for 
the beginning of your maturer life. If you do your duty by 
yourselves and by society there is nothing which you need fear 
to undertake. Here, on the very borders of the most western 
sea, in a golden land of promise, let me repeat to you the noble 
words which were first written down eighteen hundred years 
ago, in the midst of a savage wilderness, in the presence of 
hostile barbarians, by the hand of the greatest and most virtuous 
of the rulers of imperial Rome, sitting alone and silent in his 
soldier’s tent. Let these great sentences be at once our farewell 
and our God-speed to each one of you :— 

“Tf thou workest at that which is before thee, following 
right, reason calmly, vigorously, allowing nothing to distract 
thee, but keeping thy divine part pure, although bound to give 
it back immediately—if thou holdest to this, expecting nothing 
and fearing nothing, with heroic truth in every word and sound 
which thou utterest, then thou wilt live happy—and there is no 
man able to prevent thee.” 

ANTARCTIC EXPLORATION? 

THE author began by referring to the results established by 
Gauss in 1839. Gauss proved: ‘‘(1) That the knowledge 

of Y (the west component of the horizontal component of terres- 
trial magnetism, called usually X) over the whole earth, along 
with the knowledge of H (the north component of H) at all 
points on a line running from one pole to the other, is sufficient 
for the foundation of a comflete theory of the magnetism of 
the earth. (2) That a finally complete theory was also deducible 
from the simple knowledge of Z (the component of the earth’s 
magnetism, that is directed to the earth’s centre) on the whole 
earth’s surface.”” There existed, for a large part of the earth’s 
surface, data for large charts of the normal values of the de- | 
clination of H and of Z, at the epoch 1880, from which X, Y, 
and Z could readily be deduced. These charts were accurate 
for the zone lying between 60° N. and 50° S. lat. (except for 
some parts of North Asia and of Central Africa) ; they were 
less accurate for 60° to 70° N. lat., and 50° to 60° S. Be- 
yond these limits in the south, lay regions almost un- 
visited since Ross’s Expedition in 1840-43; so that the 
charts were correspondingly weak in those latitudes. The 
charts show that the Challenger crosse1 the Antarctic Circle 
about the meridian 79° E. These and other somewhat recent 
observations made between 50° and 60’ S. lat., show that con- 
siderable changes in the magnetic elements have occurred since 
Ross's time, and therefore the charts for 1880 cannot be com- 

* “On the Advantages to the Science of Terrestrial Magnetism to be 
obtained from an Expedition to the Region within the Antarctic Circle.’ 
Abstract of a paper read at the Birmingham meeting of the British Associa- 
tion by Capt. Ettrick W. Creak, R.N., F.R.S. 
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pleted, especially as our knowledge of the changes is too limited 
to permit of the use of Ross’s observations. Further it is desir- 
able to have actual verification of Gauss’s extension by theory of - 
the magnetic elements at places where they are known to places 
where they are unknown. The position of the south magnetic 
pole is still undetermined, and magnetic observations are wanted 
from 40° S. to the geographical pole. For the carrying out of 
these views, Melbourne Observatory, being furnished with the 
necessary instruments, would serve admirably as a base station, 
with subsidiary bases at the Cape, and at Sandy Point, Magellan 
Strait, for the use of portable absolute instruments. Much of 
the survey could be done on board ship at sea, observations | 

| hypothetical lateral fin; (¢) the blood from both appears to be having now become so trustworthy by the process of “swing- 
ing ship.” Portable instruments could also be used on “ce, 
where their readings would be specially free from sources of 
error. The great effect of the ship’s iron in high latitudes can 
be got rid of by experience, as proved in the voyage of the 
Challenger, an important matter being a proper position on 
board far the instruments. This position could be chosen im- 
mediately after the selection of the ship. The error in the 
vertical component varies with the ‘‘heel” of the ship; the 
horizontal error can be eliminated by the process of ‘‘ swinging.” 

NOTES FROM THE OTAGO UNIVERSITY 
MUSEUM 

VIII. — Ox the Claspers of Callorhynchus 

IX my friend Mr. Patrick Geddes’ able article, “* Reproduction,” 
published in the recently issued twentieth volume of the 

‘* Encyclopedia Britannica” (ninth edition), the following note 
occurs (p. 410) :— 

‘In the curious Holocephalous fish, Cal/orhynchus, Jeffery 
Parker has recently adduced arguments for regarding the claspers 
as the surviving rudiments of a third pair of limbs.” 

As this passage was written under the mistaken impression 
that a somewhat wild theory, hither only communicated privately 
to one or two friends, had been published, I think it will be 
advisable to state exactly the grounds on which I am disposed, 
provisionally, to consider the Holocephali as the only existing 
hexapodous vertebrates. 

In the Elasmobranchii (Plagiostomi) the male is well known 
to possess a single pair of so-called claspers, each having the 
form of a plate rolled longitudinally upon itself so as to produce 
an incomplete tube, and supported by a more or less complicated 
cartilaginous skeleton continuous with the basipterygial cartil- 
ages of the pelvic fin. 

In Callorhynchus, on the other hand—and I believe the same 
applies to Chimzera, of which I have no specimen—the male has 
two pairs of organs, which may be called respectively the ante- 
tior and the posterior claspers. The posterior claspers are evi- 
dently homologous with the claspers of the Elasmobranchs : they 
occur in the same position, have the form of a plate rolled longi- 
tudinally into a tube, and are supported by a prolongation of the 
basipterygium. No doubt, like the corresponding organs in 
sharks and rays, they have an intromittent function. 

The structures I call anterior claspers are situated a short 
distance cephalad of the vent, inclosed, in the position of 
repose, in a pouch of skin having a somewhat contracted slit- 
like aperture, so that the clasper is ordinarily hidden from view. 
The aperture of the sac is erroneously marked “peritoneal 
aperture” in Giinther’s figure of Chimera colliei (“* Study of 
Fishes,” p. 184). In connection with the sac is a gland secreting 
a lubricating fluid, and closely resembling the well-known gland 
of the Elasmobranch clasper. 

In the female, although the clasper itself is absent, a small 
glandular sac occurs in the corresponding position. 

The anterior clasper itself is a somewhat complicated organ, 
consisting of three chief parts supported by cartilage. The 
largest of these, which forms the main support of the whole 
structure, is a strong irregular cartilaginous plate, articulated by 
an elongated surface with the anterior border of the pubic por- 
tion of the pelvic girdle in such a way that when in its ordinary 
position of retraction, the whole apparatus is folded back in the 
hollow furnished by the outer surface of the pubic cartilage. To 
this principal cartilage of the anterior clasper are attached two 
others : one a thin delicate plate, shaped like the human external 
ear, the use of which is not obvious; the other a somewhat 
thicker plate, rolled upon itself to form a tube, in much the 
same way as the posterior clasper, and evidently serving as a 
duct for the passage of the above-mentioned secretion. ‘he 
whole apparatus is covered with soft; mucous membrane, 
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except the free portion of the principal cartilage which is 
studded with minute sharp denticles 

The clasper is exserted by the action of a strong muscle arising 
from the inner face of the pubic cartilage and passing over its 
anterior border to be inserted into the principal cartilage of the 
clasper. The plane of movement of the organ is nearly hori- 
zontal. 

That a serial homology (homoplasy) exists between the anterior 
and the posterior claspers is suggested by the following facts :— 
(a) The general similarity of their structure ; (4) they both 
articulate, mediately or immediately, with the pelvic cartilage ; 
(c) they both lie in the line of Balfour's lateral ridge, z.e. of the 

poured into a vein which is clearly the representative of the 
lateral vein of Elasmobranchii, which latter I have adduced 
reasons for considering as the vein of the proto-vertebrate lateral 
fin (Zrans. NV. Z.Inst., vol. xiii. p. 413, and vol. xv. p. 222; 
Proc. Roy. Soc., June 1886). 

I regret that all my efforts to obtain earlier embryos of Cad/or- 
Aynchus than those I described three years ago in NATURE (vol. 
xxix. p. 46) have failed. It must therefore remain for future 
investigations to decide whether the anterior clasper of Holo- 
cephali is developed from a portion of the lateral ridge which 
usually atrophies, and whether its skeleton is formed by the 
concrescence of pterygiophores (radial fin-cartilages). 

At present, therefore, the hypothesis that the anterior claspers 
of the Holocephali represent a middle pair of limbs is nothing 
more than a deduction from an unproved theory. I should not 
have ventured to publish it without further evidence if my friend 
had not, quite inadvertently, forced my hand. 

Dunedin, N.Z., August 16 T. JEFFERY PARKER 

SOCIETIES AND ACADEMIES 
SYDNEY 

Linnean Society of New South Wales, July 28.—Prof. 
W. J. Stephens, M.A., F.G.S., President, in the chair.—The 
following papers were read :—On some new or rare fishes from 
the Australian region, by E. P. Ramsay, F.R.S.E., and J. 
Douglas-Ogilby. A few notes are given on the curious Blennoid 
genus Xiphasia of Swainson, and a description is given of a 
species—NXiphasia setifer, Swainson—now for the first time taken 
in Australian waters. <Arvhamphus sclerolepis and Gastrotokeus 
biaculeatus ave recorded as fishes not previously seen on the 
New South Wales coast.—Catalogue of the Australian Coleo- 
ptera, part 5, by George Masters. The present part contains 
the large family of the Curculionidz, numbering over 1200: 
species, and bringing the total number now catalogued up to. 
5625. It was stated that probably two more parts would com- 
plete the order Coleoptera.—Miscellanea Entomologica, No. 2: 
the genus Lifarvetrus, by William Macleay, F.L.S. This is a 
complete monograph of the genus Zifaretrus. All the old 
species are redescribed, many new ones added, and the genus is 
subdivided into several sections and sub-sections. Altogether 
about 100 species are characterised.—Revision of the Australian 
Lepidoptera, No. 1, by E. Meyrick, B.A., F.E.S. Five families 
of the Macro-Lepidoptera, or Lesiadz, Arctiada, Hypside, 
Syntomidide, and Zygenide, are monographed, numbering 
about 150 species, about half that number being new to science. 
—Notes on synonymy of Australian Micro-Lepidoptera, by E. 
Meyrick, B.A., F.E.S. The synonymy of fifteen species of 
Micro-Lepidoptera is corrected, from an examination of speci- 
mens in the British Museum. 

Paris . 

Academy of Sciences, October 18.—M. Jurien de la 
Graviére, President, in the chair.—A theory of the unequal 
flow of gases, by M. Haton de la Goupillitre. Although 
geometricians have already solved a few questions relating to 
the unequal movement of fluids, no general theory appears to 
have yet been applied to the subject so far as regards the gases. 
The object of the present paper is to make good this want, and 
to present a complete solution of the problem in connec- 
tion with the receptacles ef compressed air for locomotives 
or tramways filled from reservoirs maintained by the 
compressing engines at a constant tension. — Researches 
on the tension of the dry bicarbonate of ammonia, by 
MM. Berthelot and André. The authors here discuss the 
important and complex problem, whether the tension of 
ammonia in the air, the ground, and natural waters, and its 
movements between these various mediums, is to be assimilated 
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to the tension of this free alkali dissolved in pure water and to 
its diffusion between an inert atmosphere and purely aqueous 
solutions. Numerous experiments here described show that the 
function of the three constituents of sal ammoniac is not the 
same in its dissociation, the carbonic and ammoniac gases, even 
in great excess, possessing no perceptible influence on the ten- 
sion of the bicarbonate at the ordinary temperature, while liquid 
water determines its decomposition independently of the laws of 
dissociation of the salt.—On the origin of the motor nerves in 
the palate of the dog, by M. Vulpian. His experiments on the 
origin of the secreting nerves of the salivary glands and of the 
chord of the tympanum have led the author to the study of this 
subject, his conclusions mainly confirming the results already 
obtained by M. Chauveau, who operated on the horse and the 
ass. —Experimental researches on the cause of vigor mortis, by 
M. Brown-Séquard. In continuation of his previous paper (see 
last week’s NATURE, p. 612), the author describes certain 
experiments, which seem-to show that this phenomenon mainly 
depends on a contraction, that is, a muscular vital act beginning 
or continuing after the general extinction of life. At the 
same time it is not denied that a coagulation of the 
albuminous substances may also to some extent contribute 
to the rigidity which sets in immediately after death.— 
The mountain plants of the Parisian flora, by M. Chatin. It is 
shown that associated with the ordinary vegetation of the Paris 
district are found numerous highland and even Alpine specimens, 
such as Swertia perennis, Atropa Belladonna, Euphrasia lutea, 
Digitalis lutea, Veronica montana, &c., most of which are largely 
represented in the Alps and Scandinavia, and some few in the 
south of France. They generally flourish in localities where the 
conditions of life approach nearest to those presented by the Alps ; 
but whether they are due to migration from those regions or are 
indigenous is a question reserved for future discussion.—Analysis 
of some cosmic dust which fell on the Cordilleras near San 
Feznando, Chili, by M. A. E. Nordenskjold. This specimen, 
received last February from M. Stolp, of San Fernando, and 
weighing about 2 grammes, yielded on analysis: oxide of iron 
74°59, oxide of nickel 6:01, silicic acid 7°57, magnesia 3°88, 
alumina 2°90, and minute quantities of lime, phosphoric and 
sulphuric acid, with traces of oxide of copper. This analysis 
shows that it is not a product of the Krakatao eruption, but comes 
for the most part from the inter-planetary spaces.—On surfaces 
inclosing cones of the second degree, by M. E. Blutel. The 
case is considered in which each cone touches its inclosure fol- 
lowing a moving circle.—On the determination of the coefficients 
of expansion by means of the pendulum, by M. Ch. Ed. Guil- 
laume. It is shown that this method, recently proposed by M. 
Robert Weber, cannot possibly yield the accurate determinations 
anticipated by him. All the apparatus needed for its applica- 
tion render the process extremely complicated, while under the 
most favourable conditions its precision will never exceed 1/300. 
—Theoretical value of the local.attraction at Nice, by M. Hatt. 
Theoretic researches undertaken for the purpose of determining 
this value haye led to the results here communicated, including 
some data tending to correct the geodetic latitude of Nice.—On 
some pyridic bases, by M. A. Ladenburg. Having two years 
ago determined the methods of synthesis for the pyridic 
and piperidic bases, the author has since succeeded, with the | 
aid of MM. Roth, Lange, and Hesekiel, in preparing a whole 
series of these bases, which are here described.— Researches on the 
evolution of the embryo of the fowl, when the eggs are submitted to 
incubation in the vertical position, by M. M. Dareste. Of sixtcen 
eggs treated in this way, only one was successfully hatched, all 
the other embryos perishing at various dates and under diverse 
conditions.—On the relations of the Leptocephalidz to the 
conger-eel, by M. Yves Delage. Observations recently made 
at the Laboratory of Roscoff show that the Leptocephals, con- 
trary to the opinion of Giinther, are normal larvze capable of 
transformation.—Contribution to the study of the Tertiary flora 
of the west of France and of Dalmatia, by M. Louis Crié. It 
results from this comparative study that five identical species 
and seven or eight closely-related types connect in a common 
palzeophytic epoch the Tertiary districts of Mans and Angers 
in France with that of Monte Promina in Dalmatia.—On the 
discovery of a grave dating from the polished Stone Age, re- 
cently discovered near Crécy-sur-Morin, by M. A. Thieullen. 
The excavations carried out at this spot revealed two contiguous 
chambers built under a rock, and containing the skeletons of 
about thirty human beings of all ages and sexes, besides stone 
hatchets, knives, scrapers, and other relics of the Neolithic 
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period, but no traces of pottery or the metals. The human re* 
mains are remarkably well preserved, five or six of the skullS 
being almost intact, and by their form apparently indicating the 
presence of two distinct prehistoric races.—On a meteorite 
found in a block of Tertiary lignite from Wolfsegg, by M. 
Gurlt, with remarks by M. Daubrée. This rare specimen of a 
meteorite, traced to Tertiary times, forms a mass of cosmic iron 
combined with some carbon and nickel, weighing altogether 
785 grammes.—On the constant presence of micro organisms in 
the thermal waters of Luchon (64° C.), and on their action on 
the production of baregine, by MM. A. Certes and Garrigou. 
The object of this paper is to determine the presence of living 
organisms in thermal waters of the highest temperatures, to 
ascertain their nature and the part played by them in the pro- 
duction of the baregine or glairine commonly found in sul- 
phurous waters.—On melanosis, a disease of the vine, by MM. 
Pierre Viala and L. Ravaz. This is described as a malady of 
American origin, not very injurious to French vineyards, and 
due probably to a parasitic fungus identical with the Septorza 
ampelina described by Berkeley and Curtis. 
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